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UNIVERSITY OF SOUTHAMPTON
ABSTRACT
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Electronics and Computer Science

Doctor of Philosophy

MULTIPLAYER INTERACTIVE NARRATIVE EXPERIENCES:
UNDERSTANDING PLAYER INTERACTION IN AUTHORED NON-LINEAR
NARRATIVES

by Callum Spawforth

Interactive Narrative (IN) is a type of storytelling in which the dramatic storyline is
created and influenced through the players’ actions, within a system defined by a set of
rules. Examples of this range from gamebooks to hypertext to modern narrative games.
However, research has predominantly focused on the singleplayer narrative experience.
Limited research exists that explores multiplayer interactive narratives, and many of its
interesting properties are overlooked. These include multiplayer differentiability (where
each player as a distinct narrative experience to the others) and inter-player interaction,
and the role it plays it shaping the multiplayer experience. This thesis explores the
concept of multiplayer narrative experiences (MINEs), which are INs that feature inter-
player agency and distinct narratives for each player. It begins to answer questions like:
How can we create MINEs? What types of interaction can exist within multiplayer nar-
rative? How do those interactions affect the multiplayer experience? To begin answering
these questions, a classification of interactions in multiplayer video games was performed,
resulting in a framework consisting of 9 characteristics that distinguish between different
interactions in a medium-agnostic way. Following this, a model was designed based on
sculptural hypertext that supports each of these these types of interaction. This model
was then implemented by extending an existing system for storytelling using sculptural
hypertext, StoryPlaces, to create StoryMINE. An experimental narrative as co-authored
with two creative writers. Written for StoryMINE, it allows a player to experience a
range of interaction types in a controlled manner. This narrative was then experienced
by 22 participants split into 11 pairs, who were then interviewed about their experi-
ence. Inductive coding and thematic analysis of the interviews reveal 5 themes and 4
supporting factors, along with other ways in which the multiplayer element modified
the experience. These results show that MINEs offer an experience distinct from that
of singleplayer IN and multiplayer games, and that MINEs possess several interesting

attributes that deserve further study.
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Chapter 1

Introduction

Interactive narrative (IN) is a term far less known than the technologies it describes.
Even with people that know the term, the meaning varies due to the wide variety of
storytelling types in modern digital media. It can be broadly defined as a type of digital
experience where a dramatic storyline is created or influenced through the players’ !
actions, within a system defined by a set of rules. This encompasses the many forms in
which people might encounter interactive narrative: hypertext fiction, interactive fiction
(e.g adventure games), multi user dungeons and modern games, such as Telltale’s The

Walking Dead.

This definition is a combination of the works of Murray [62] and Riedl and Bulitko [73],
and it outlines two key aspects of interactive narrative. The first is that in interactive
narrative, the input of the player is as important to the creation of the final story as
that of the author. While this is arguably true of all written literature, as the reader
constructs the details of the narrative in their mind, in interactive narrative it refers to
a sense of agency. Agency is “the satisfying power to take meaningful action and see

the results of our decisions and choices” [62].

The second aspect is the need for rules and constraints on the player. The rules of the
system are one of the key things that differentiate the player from the author. When
a player is navigating the links of a hypertext, or acting in a virtual world, they are
behaving according to a set of rules that define what actions are valid. In contrast, it is
the responsibility of the author to create both the constraints and content; Murray [62]

describes this as procedural authorship.

One of the most interesting examples of interactive narrative comes in the non-digital
form of tabletop role-playing games, such as “Dungeons and Dragons”” (D&D). In the
game ‘Dungeons and Dragons‘, one player takes on the mantle of the ‘Dungeon Master*,

responsible for creating the world and responding to the actions of the players. Typically,

1 The terms 'reader’ and ’player’ are frequently used synonymously within IN. Here, the term ’player’
is used due to it not implying a textual medium.



2 Chapter 1 Introduction

they also outline a plot that the players may or may not follow. The game’s rulebook
outlines outlines many of the actions available to the players, as well as ways to resolve
their outcome. The key difference between games such as D&D and digital interactive
narrative is the author’s active involvement; in D&D, the author narrates and adapts
the narrative as the game is played, possibly bending or breaking the rules, in order
to achieve a more satisfying experience. In digital interactive narrative, this real-time

adaptation and narration is performed by the computer.

More pertinent to this work, D&D is a multiplayer storytelling experience. Multiple
players act together, within a set of rules, to forge a narrative. This idea of multiplayer
interactive narratives has frequently been neglected within research, despite the popu-
larity of multiplayer experiences in other similar mediums, such as video games. The

multiplayer-only game Overwatch? alone claimed over 25 million players® in 2017.

This work focuses on the notion of multiplayer interactive narrative experiences
(MINEs). This is distinct from collaborative authoring, where multiple authors col-
laborate on a single text or interactive narrative. MINEs are interactive narratives
in which multiple players influence the dramatic storylines of themselves and others
through their actions. In other words, they have agency over the narratives of others.
This inter-player agency is coupled to the idea of multiplayer differentiability, where
players may have potentially distinct narrative experiences within the same interactive

narrative [75].

Little literature exists that considers multiplayer interactive narrative experiences with
multiplayer differentiability and inter-player agency. A few narrative models exist, none
of which meaningfully consider the idea of inter-player agency. The models described
by Fairclough and Cunningham [23] and Riedl et al. [75] have inter-player agency as
an emergent property, or mention it only in passing. A mechanism for inter-player
agency is briefly speculated on by Bernstein [7], but is gamified and tightly coupled to
the system. Group-based approaches exist [34], but treat the group as a single entity,

lacking meaningful multiplayer differentiability.

In fact, there’s little research that considers one of the fundamental questions underlying
MINEs: are they a distinct form of experience, that’s different to other, related expe-
riences, such as multiplayer games or singleplayer interactive narrative. This is the key
question that this thesis addresses: how do multiplayer interactive narrative experiences

differ from traditional interactive narrative, as a result of inter-player interaction?

https:/ /playoverwatch.com/en-us/
S3http://www.polygon.com/2017/1/27/14417214 /how-many-people-play-overwatch-25-million - Ac-
cessed 2018/05/15
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1.1 Research Questions

This work explores the idea of multiplayer interactive narrative experiences (MINEs),
which are defined as interactive narratives that feature multiplayer differentiability and

inter-player agency. The main research question addressed by this thesis is:

1. In what ways do different inter-player interactions affect a player’s experience of

interactive narrative?

However, in order to begin answering this question, three other questions first need

answering:

1. What distinguishes different types of player interaction in multiplayer interactive

narrative?
2. To what extent could existing narrative systems model MINEs?

3. How can existing narratives systems be extended to support MINEs which feature

the previously identified characteristics of interaction?

1.2 Research Framework

The main research question posed by this thesis is: “In what ways do different inter-
player interactions affect a player’s experience of interactive narrative?”. However, this
pre-supposes an understanding of the the different interactions that may exist within

the domain of multiplayer interactive narrative.

In order to gain insight into the types of inter-player narrative interaction that may
exist, I conducted an analysis of interactions in video games, with the goal of identifying
a generalised set of characteristics that could help distinguish between different types of

interaction in interactive narrative.

This analysis is described in detail in Chapter 3, but summarised in brief here. It
consisted of an iterative coding of inter-player interactions (n=56) drawn from top-
rated multiplayer video games* (n=17) across a range of genres. The reason for this

approach and selection of genres is outlined in Section 3.1.

A framework was derived from this analysis consisting of 9 characteristics which dis-
tinguish between different inter-player interactions (Section 3.2). An initial exploration

of the expressive power of this framework was then conducted by applying it to three

“Ratings provided by MetaCritic - https://www.metacritic.com/
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multiplayer games known to have novel elements. This process found that while the
framework was capable of categorising the interactions perceived as novel, some of the
elements that made those interactions interesting within their games were missed, sug-

gesting the framework’s ability to identify and express novel interactions is limited.

In order to explore the framework’s applicability to interactions in MINEs, Section
3.4 describes three narrative premises were created based on different combinations of
characteristics. These premises adopt radically different narrative structures, which
demonstrates that these characteristics can be used to create interactive narratives with

distinct types of interaction.

The next step towards being able to see how these interaction types impact the player
experience, was to find a way to embed inter-player interactions within an interactive
narrative model. This was needed, as few existing models could support MINEs, and
those that could lacked both the ability to tightly control the player interactions and

usable implementations that could be used to conduct a study.

To rectify this situation, a model for MINEs extending sculptural hypertext [7, 58]
was designed and then implemented using the StoryPlaces [40] platform (as described
in Chapter 4). This model supports interactions utilising the full spectrum of charac-
teristics identified, in turn demonstrating that systems supporting MINEs are entirely

feasible.

With this in place, the last step to being able to explore the player experience was
to produce a MINE to conduct a study on. An experimental MINE was produced
by myself in collaboration with two creative writers. This MINE was designed using
the interaction framework to both demonstrate a variety of interaction types and place
players in situations that would emphasise the multiplayer interaction in unusual ways.
The creation of this MINE validates the ability of the extended sculptural model to

enable the creation of multiplayer interactive narrative experiences.

Finally, with everything in place, it was possible to investigate the affects of inter-player
interactions on the player experience. Chapter 6 presents a qualitative study, which saw
pairs of players (n=11) experience the experimental MINE and engage in an interview,
where they discuss their shared experience. These interviews were then transcribed,
inductively coded and grouped into themes, with the aim of beginning to identify and
understand any changes to the experience brought about by the presence of the other

player.

1.3 Contributions

This thesis presents the following contributions:
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1. A set of characteristics that distinguish between different types of multiplayer

interaction within an interactive narrative.

2. A demonstration that these characteristics can act as a lens through which to

design interactions with distinct structures in multiplayer interactive narrative.

3. A model for multiplayer narrative based on sculptural hypertext that allows for the
design of multiplayer interactive narratives with inter-player agency, multiplayer
differentiability and the ability to be carefully controlled by the author (MINESs).

4. Proof by example that a multiplayer model based on sculptural hypertext can

support all of the characteristics of multiplayer interaction identified in this thesis.

5. A web-based platform implementing the previously mentioned model enabling the

construction and experiencing of MINEs.

6. A two-player MINE that demonstrates the different characteristics of multiplayer

interactions in narrative.

7. A set of design considerations and challenges for authors to consider, specific to

multiplayer interactive narrative.

8. An exploration and analysis of how the addition of inter-player interaction to

interactive narrative affects the players’ experience.

1.3.1 Publications

A number of the contributions in this thesis have already been published.

Multiplayer games as a template for multiplayer narratives: a case study with dark
souls[89] was an initial investigation of whether games could be used to inspire mul-
tiplayer interactive narratives, serving as a proof of concept for Chapter 3. In it, we
explore the mechanical interactions present between players in the game world, and
re-imagine them as narrative in the form of sculptural hypertext, demonstrating that

interactions in games and be drawn on to inspire interactions in narrative.

The interaction framework produced by analysing multiplayer games, and the narra-
tive snippets inspired by that framework presented in Chapter 3, were published in A

framework for multi-participant narratives based on multiplayer game interactions|[88].

The extended sculptural hypertext model and accompanying StoryMINE system pre-
sented in Chapter 4 were published in StoryMINE: a system for multiplayer interactive

narrative experiences|85].

Finally, Uncommon Patterns - Authoring with story specific structures was drawn from

my experience authoring the experimental MINE presented in Chapter 5, and proposed
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that stories may contain repeated structural patterns that are unique to that story, but
common within it. This would then have implications for the design of authoring tools

and their support for novel experiences.

1.4 Structure of this thesis

This document is structured as follows:

Chapter 1 introduces the context and motivation behind this thesis. It poses four re-
search questions which are investigated over the course of the thesis, and describes the

contributions present.

Chapter 2 provides background on relevant to multiplayer interactive narrative experi-
ences, including different forms of interactive narrative, agency and related work into
multiplayer interactive narratives. It further considers the ways in which video games

may be used to inform our understanding of MINEs.

Based on this, Chapter 3 describes a framework for categorising interactions in multi-
player video games through an analysis of games systematically sourced from Metacritic
(n=17). It then describes a validation of this framework by applying to interactions
sourced from volunteers, that fit a defined interaction model. Finally, it considers how

the framework can be used to inform designs of MINEs.

Chapter 4 outlines a model for MINEs based on sculptural hypertext and details its
implementation using the StoryPlaces open-source tool. It then verifies that this model
can support all of the characteristics identified in the interaction framework by example,
presenting a set of short narrative extracts that use the model to exhibit interactions

with specific characteristics.

Chapter 5 describes the design of a co-authored multiplayer interactive narrative ex-
perience, and how the framework characteristics identified in Chapter 3 are exhibited
and explored. Subsequently, it describes a number of key design considerations and

challenges that occurred during the authoring process.

Chapter 6 presents an exploratory, qualitative study into the experiential changes
brought about by inter-player agency and the presence of other players. The study
saw participants (n=22) play in pairs the MINE produced in Chapter 5, and take part
in a group interview. This interview was then transcribed (Appendix D) and analysed

by inductive coding. The chapter presents the methodology and results of this analysis.

Chapter 7 concludes this thesis, summarising the work presented within before exploring
how this work answers the research questions posed in Chapter 1. It then briefly outlines
possibilities for future work, and finishes with closing thoughts on the contributions of
this thesis.



Chapter 2

Background Research

Before addressing the existing literature relating to multiplayer interactive narratives,
it’s important to clear up an issue of terminology. Within the interactive narrative com-
munity, there’s little consensus on a word for the user of an interactive narrative system.
They might be a reader, a player, a user. In this thesis, I choose to predominantly use
the word ‘player’. While reader is perhaps more common, ‘reader’ as a term implies a
textual medium, such as a book. However, the research within this thesis is applicable to
mediums that employ a variety of multimedia. ‘User’ doesn’t seem contextually correct
either - a person uses a narrative system, but a narrative itself isn’t ‘usable’. While
‘player’ carries with it the connotation of games, of the three common terms outlined
here, it seems the most suitable. It captures the notion of interactivity, which is criti-
cal to interactive narrative, and isn’t inherently tied to a particular media. While it’s
undoubtedly not a perfect term, due to the implication of games, I believe it to be the

best option in common use.

2.1 Interactive Narrative

Interactive narrative is a form of digital interactive experience in which players create or
influence a dramatic storyline through their actions [73]. While the concept of interactive
storytelling has many examples in non-digital media throughout time, digital interactive
narrative began to be explored in the 1970’s, with Mechan’s creation of TALE-SPIN [56].
TALE-SPIN sought to create stories through the simulation of goal-driven characters,
requiring the player to define the initial setting and themes of the story. While not the
first system to computationally address narrative, being preceded by Grimes’ Fairy Tales
(as reported by Ryan [78]) and Klein’s novel generator [49], TALE-SPIN was the first to

allow the player (as opposed to the author or programmer) to influence the narrative.

Since TALE-SPIN, many types of interactive narrative have been created. Riedl and

Bulitko [73] broadly categorise them along three axes: authorial intent, virtual character

7
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autonomy and player modelling. Authorial intent addresses the extent to which the
narrative is constrained by the author. At one extreme, there are highly authored
narratives in which every possible change is specified by the author; the classic example
being Choose-Your-Own-Adventure books. Contrasting this is the generative approach,
where the narrative is algorithmically created, typically from a set of low-level narrative

components, as demonstrated by Cavazza, Charles, and Mead [11] or Ciarlini et al. [13].

The second axis is virtual character autonomy, defined by Riedl and Bulitko [73] in
terms of an experience manager. An experience manager is a generalization of a drama
manager [4], an agent responsible for driving the narrative forward while maintaining
the quality of the player’s experience [73]. This may take the form of guiding the
player along an authored plot, or simply ensuring characters take actions that are suf-
ficiently dramatic, while ensuring narratological principles such as coherence are main-
tained [74]. Riedl and Bulitko [73] define virtual character autonomy as the degree to
which computer-controlled entities can act independently of the experience manager.
In the aforementioned Choose-Your-Own-Adventures, the actions that characters can
take within the narrative are entirely predefined by author as part of their design -
the actions of the character are entirely predetermined, and thus they no ability to au-
tonomously act within the story. In contrast, emergent narrative is formed primarily

through interactions between independent characters.

The last of Riedl and Bulitko’s axes is player modelling. This is the extent to which the
experience manager takes into account the player’s preferences. These preferences may
be used by the experience manager for a variety of purposes, such as further improving

the perceived quality of the narrative [80] or reducing the computational load [25].

Fach type of system has strengths and weaknesses, particularly along the authored-
generative axis. Highly authored narratives provide a well-formed experience to the
player; the author’s fine-grained control allows them to maintain a strong sense of nar-
rative coherence and dramatic pacing [55]. However, player agency inherently requires
more content to be added to the narrative, resulting in a more limited amount of agency

or a combinatorial increase in the amount of content required from the author [10, 90].

In contrast, generative systems typically allow for more significant agency, due to their
ability to create content based the player’s actions. In turn, this results in a wider range
of stories that can be told from the same source material, or “protostory”, which is
“a prototype, or a procedural blueprint, that describes the space of potential narrative
experiences contained in one IDN system” [50]. However, this frequently comes at the
cost of coherence and pacing [55, 71]. Typically, such systems also require a knowledge

base of narrative components that can be assembled, which may be of a substantial size.



Chapter 2 Background Research 9

2.1.1 Hypertext and Interactive Fiction

Hypertext fiction is a type of highly authored narrative that features no character auton-
omy nor player modelling. It consists of a series of content fragments (sometimes known
as pages, or nodes) with connections between them that can be traversed to explore a
narrative [1]. Narrative agency is exhibited as a choice between links, which corresponds
to a choice within the narrative. The upshot of this is that the more agency within the
hypertext, the more content an author needs to produce [90]. When choices impact the
entire subsequent hypertext, requiring two distinct branches to be formed, complexity
can be exponential [10]. However, a number of common patterns for hypertext exist

that reduce complexity while providing a structural toolbox for authors [8].

One of the earliest forms of hypertext is calligraphic hypertext. A term coined by
Bernstein [7], calligraphic hypertext is a hypertext in which the links between narrative
fragments have been explicitly added by the author. Bernstein’s usage of the term calli-
graphic refers to the way in which the structure of the hypertext is built by successively
adding lines, i.e links between nodes. Many systems exist that use this approach, such as
StorySpaces [48, 9], StoryExplorer!, Inklewriter? and Twine®. StorySpaces, Twine and
Inklewriter expand on calligraphic hypertext by associating a state with the player and
adding guard fields (preconditions) that prevent access to nodes unless satisfied by that
state. By enabling dynamic links whose behaviour changes in the course of reading [9],
decisions early in the narrative can affect events later in the narrative, without excessive

branching.

Sculptural hypertext [7] takes guard fields a step further, adopting the opposite approach
to calligraphic hypertext. In sculptural hypertext, each fragment is implicitly connected
to all others in a dense tangle. These connections are then removed based on where
the guard fields of each fragment are satisfied, leaving only a subset available. When a
fragment is visited, the player’s state is modified according to a set of actions, potentially
changing the fragments available. This guard-driven approach lends itself to situations
where the availability of links is dependent on external data, such as with locative
narrative [58]. Similar to calligraphic hypertext, several design patterns are known to

be applicable to sculptural hypertext [39].

Hypertext was chosen as one particular area of interactive narrative to focus on, as it goes
a long way to meeting the goal of having authorability within the resulting interactive
narrative, and is well knowing within the interactive narrative space. It has a rich
history, and both calligraphic and sculptural hypertext are actively used within current

4

tools such as Twine®, a currently popular platform for authors to create interactive

narratives.

"https://www.robsprojects.co.uk /apps/storyexplorer - Accessed 2018/10/05
https://www.inklestudios.com/inklewriter - Accessed 2018/10/05 - Shutting down 2018
3http://twinery.org/ - Accessed 2018/10/05

“https://twinery.org/ - Accessed 2021/08/12
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2.2 Agency

Agency is a concept that varies from discipline to discipline, though it each discipline
it broadly relates to an entity’s ability to act. In philosophy, agency considers the
capacity of an entity to act on other entities, and bring about changes in its environment.
Discussion frequently has centred around how agency relates to desire, motivation and
intention [2, 17, 35, 57].

In a related manner, psychology regards agency as intentional actions taken to fulfill an
agent’s goals [51, 19], and considers how humans attribute this goal-directed agency to
entities [32, 16]. Psychology also addresses the idea of a sense of agency [28], where a

person perceives themselves to the cause or generator of an action.

Sociology meanwhile considers the relationship between agency and structure. It ex-
plores the relationship between an individual’s freedom to act independently and social
structures (such as relationship and institutions), and how the two mutually affect and
transform each other [42, 22].

In interactive narrative, agency acts a central concept, exploring the player’s ability to
act in relationship to the constraints imposed by the narrative system. In this sense,
it’s inherently tied to the interactivity of the narrative. However, much as in the other

disciplines, there is no consensus on a precise definition.

One of the oldest and most known definitions is that of Murray, who defines it as
“the satisfying power to take meaningful action and see the results of our decisions
and choices” [62]. She argues its importance to interactive narrative, stating “Dramatic

agency should be the goal of design for interactive narrative in any form” [63].

Harrell and Zhu [41] argue that the resulting understanding of agency is overly simplified,
becoming synonymous with the free will of the players. They argue that this has given
rise to the idea that “the more agency, the better”, which overlooks the importance
of meaningful constraints in the context of the story. They propose a second type of
agency that accompanies user agency termed system agency. This system agency refers
to the “capacity of the computational system to modify the story world and provide
affordances for users’ actions” and only exists in conjunction with human actors. It’s
the result of human interpretation of the behaviour of the system and its responses to

user actions.

Both types of agency can be considered as acting on the fabula or the syuzhet [54].
The fabula of a story consists of all the events that occur during the story, ordered
chronologically. In contrast the syuzhet is the manner in which a selection of events
from the fabula are presented [3]. In this way, the fabula captures the content of the
story, while syuzhet captures the way in which the story is told [72]. Chatman [12]

defines a similar concept consisting of story and discourse. Much like fabula, story
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consists of the events in chronological order, while discourse is the order in which they

are retold.

Based on this two-part model of narrative, [54] classes agency as either diegetic and
extra-diegetic. Diegetic agency consists of the choices made as a character or presence
in a story world that affect the story (or fabula). Counter to this is extra-diegetic agency,
which consists of choices that a player makes as a removed observer that affect discourse

(or syuzhet).

At a broader level, Wood [98] proposes a classification for the fabula and syuzhet based
on the types of agency available to the player. A story where the fabula is provided
entirely by the author is considered to have an authored fabula and a story where the
fabula is created through the players’ behaviour is considered to have an improvised
fabula. The syuzhet of a story is dynamic when the player is given different ways of
experiencing the fabula, but fixed syuzhet when a player has no control over how the
fabula is presented. Fized syuzhet can be considered the absence of extra-diegetic agency,

while an authored fabula can be the considered the absence of diegetic agency.

2.3 Multiplayer Interactive Narrative

Although there is little research on multiplayer interactive narrative compared to its
singleplayer sibling, a handful of approaches do exist. An early example, Social Shark
[7] was a proposed extension to Card Shark, an IN tool based on sculptural hypertext.
In Card Shark, sculptural hypertext fragments are abstracted as a deck of cards. These
cards are shuffled, and several dealt to the player. Cards whose preconditions are not
met are disabled. The player selects a card to visit, whose full text is then displayed
and the state modified. Finally, a new card is drawn to replace it. Social Shark extends
this idea by considering two players, each of which gets dealt a hand of cards. Each
card is given a points value that differs for each player. The players then take it in turns
to play cards, and play continues until neither player can continue. The winner is the
player with the most points. Social Shark is an early, authored, hypothetical approach
to MINEs and suffers from issues with liveness and consistency: both are dependent on
the order on which cards are drawn from the deck. The shared use of that single deck

also heavily restricts the types of story that can be told.

Fairclough and Cunningham [23] proposed a generative system for MINEs using a story
director (a form of experience manager) and Propp’s Morphology of the Folktale [68].
Propp’s Morphology decomposes folktales into a set of narrative components that can
be recombined to construct new stories with a consistent theme. Character functions are
one of these components, and represent the contribution of individual characters to the
overall narrative. These functions can be combined into moves, which represent individ-

ual narrative threads that may be combined to weave more complex narratives [33]. The
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system proposed by Fairclough and Cunningham encodes 44 of Propp’s multi-move story
scripts as cases in a case base, where each case consists of a series of instructions that are
derived from the move’s functions and a set of requirements for each instruction. The
director uses case based reasoning to select the case that is closest to the current state of
the story, and assigns the instructions to characters to fulfill. Multiplayer storytelling is
attempted by creating multiple story directors that construct independent stories using
intersecting sets of requirements or insert the players into different roles in the same
story. Unfortunately, the multiplayer aspects of the system were never evaluated, so
it is unknown how it performed. Additionally, issues may exist with coherence and
character believability (as explained by Riedl and Stern [74]), due to players violating
the requirements of the role they are placed in. It’s also unknown the extent to which
meaningful inter-player agency exists, though this may be an emergent property of the

System.

Closest to the work presented in this thesis is the work of Riedl et al. [75], who initial
proposed the idea of multiplayer differentiability and an accompanying system theo-
retically capable of supporting MINEs. Riedl et al. explore MINEs more thoroughly
than Fairclough, Cunningham and Bernstein, beginning by using multiplayer alternate
reality games (ARGs) to explore the problem of multiplayer interactive narrative. They
recruited a director/screenwriter experienced in crafting multiplayer ARGs to construct
a multiplayer experience to engage 6 people for several hours. They ran the game five
times, with actors assuming the roles of NPCs and the human director orchestrating the
experience and made three observations. Firstly, that despite the efforts of the director
to predict the way scenes would unfold, exceptions happened. Secondly, the director
created new scenes in response to these exceptions to return players to the pre-authored
scenes. Finally, where returning the player to the pre-authored scenes was too difficult,
new scenes were added to skip the pre-authored scenes. From this work, they derived

three properties: multiplayer differentiability, authorability and robustness.

Multiplayer differentiability is the concept that multiple players can participate in the
same game and have potentially distinct narrative experiences. Authorability is the
ability of the human author to easily articulate how different players’ experiences should
unfold. Robustness is the system’s capability to handle unanticipated player behaviours

that exceed the bounds of the authored content.

Based on these properties, Riedl at al. propose the Multiplayer Storytelling Engine
(MUSE). This model employs a variation of Coloured Petri Nets [47] in which places are
scenes, tokens are players and a predefined set of transitions encode the intended pro-
gression of individual players through scenes (producing a graph). Modelling players as
tokens captures the ability for players to be engaged in different scenes simultaneously.
For a scene to execute, it a minimum number of tokens are required, and a set of pre-

condition predicates must be satisfied by the current world state. When a scene is done
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executing, a set of predicates becomes true. Transitions are also equipped with predi-
cates, determining if they’re available. This combination of fixed transitions restricted
by predicates is similar to how calligraphic hypertext uses guard fields to restrict access

to nodes.

When a scene has sufficient players, a partial-order planner is invoked to ensure the scene
can execute. If it can’t, the planner introduces new scenes until the plan is sound and
complete. In theory, this mitigates the narrative paradox by allowing players high-levels
of agency within scenes, then forcing the story back to the authored plan. This is similar

to the split/join pattern identified by [8] for hypertextual narratives.

MUSE, created in 2011, it represents the most actionable MINE system to-date: in the-
ory capable of telling a variety of multiplayer narratives. Crucially, it captures the con-
cept of multiplayer differentiability, something lacking from the widely adopted group-
based approaches, which treat all of the players as a single decision-making entity with
the narrative. However, it doesn’t explicitly cover the problem of inter-player agency
and player interaction, instead supposing a virtual environment capable of determining
the contents of each scene, as well as how players may modify the world state; there’s
no guarantee this is the case. The repair algorithm assumes the ability to generate a
coherent scene to insert, the feasibility of which depending on the complexity of the
story. Most importantly, the system is itself a theoretical model, which has not been

evaluated and lacks sufficient detail to be implemented in a usable system.

One notable omission from this investigation of literature around multiplayer interactive
narrative games, is that of Tabletop Roleplaying Games (TRPGs) such as Dungeons &
Dragons. This is done deliberately, as TRPGs are typically orchestrated by a human
game master in real-time. This runs contrary to authorability, as the game master can
generate content in real-time. Furthermore, the game master and players are free to
bend, break and create new rules at will and interact in any way they see fit, limiting

the usefulness of studying them in order to understand how to model interactions.

2.4 Interactions in Multiplayer Interactive Narratives

The lack of existing literature on MINEs leaves open the question of how they might

support interactions between players.

Much as Riedl et al. [75] examined the properties of ARGs to understand MINEs, inter-
actions in multiplayer games provide one possible starting point for understanding how
player interaction can be supported in MINEs. Multiplayer games present a useful re-
source, as they possess a variety of mechanics: ”the particular components of the game,

at the level of data representation and algorithms”[45]. By looking at multiplayer games
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as a medium, and how their mechanics enable interactions, it may give insight into how

to enable interactions in multiplayer interactive narrative experiences.

The seminal work of Zagal, Nussbaum, and Rosas [99] considers the multiplayer ex-
perience as a whole within games. Zagal et al. outline a simple model of multiplayer
games consisting of rules and goals, props and tools and players. Rules regulate the
development of the game and determine the interactions within it, while goals are the
objectives of the players. Props and tools are elements that enable the game to be
played, where props are decorative items and tools offer functionality to the players. Six
characteristics inherent to multiplayer games are detailed, of which the most relevant

are social interaction, competition and cooperation and synchronicity.

Social interaction is the purposeful and bilateral communication between players which
may be either stimulated or natural. Stimulated interaction occurs when the rules
encourage players to interact, while natural interaction is when players spontaneously
decide to interact. If social interaction is a desired feature of the game, it’s suggested
that the extent to which rules, props and tools impact social interaction is an important
consideration. Competition and cooperation refers to the extent to which the game en-
courages competition and cooperation between players through rules and goals. Finally,
synchronicity considers whether all players need to participate at the same time, which
is the case in synchronous games. In asynchronous games, the entrances and exits of
the players are independent. While this model and these characteristics provide a design
overview of multiplayer in games that may be applicable to MINESs, they lack the fidelity

to describe the fundamental mechanics that could support interaction in MINEs.

Rocha, Mascarenhas, and Prada [76] used a higher-fidelity approach, identifying a num-
ber of design patterns for cooperative mechanics. For example, the pattern “Comple-
mentarity”, in which the abilities of players complement each other. Seif El-Nasr et al.
[79] extended this with further patterns, such as “Shared puzzles”, where both play-
ers encountered a shared challenge or obstacle. While these patterns may be useful to
an author, they’re built on the base concepts of games, such as character abilities and
manipulatable objects. These base concepts are interactions in their own right, and
don’t necessarily exist in a narrative system. It’s the narrative equivalent of these base

concepts that needs to be explored.

Reuter et al. [69] developed a more abstract set of design patterns based on interactions
in cooperative multiplayer games. To them, “every action inside a game can be viewed
as player interactions as long as it is visible to others.”, based on an earlier definition

“..perceivable actions that act as man-

by Manninen [53]. Manninen defines them as
ifestations of the user-user and user-environment interactions. They enable awareness

of actions by offering mutually perceivable visualizations™.

Reuter et al. classify game interactions along four dimensions: spatial, temporal, player

and functional. Spatial considers whether interactions happen at a fixed location within
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the game world, and the required proximity of players. Temporal defines the duration of
the interactions, and possibly their synchronicity. Player considers whether the actions
are voluntary and obligatory for each player, as well as the experience conveyed to
the player. Functional addresses any further constraints required for the interaction to

occur, such as the number of players and any role requirements.

Based on these dimensions, Reuter et al. went on to identify interactions in several
well-received games. They then combined similar interactions into more general design
patterns. For example, “Concurrency” is operating one or more objects simultaneously
that could not be operated by a single player alone. They then considered the impact
these patterns may have on the player experience, such as collecting them all in one
place, in the case of “Concurrency”. While it’s easier to see how these patterns would
be helpful to an author, and may form narrative patterns similar to [8], their abstract
nature still leaves the challenge of implementation. Especially when these patterns still

rely on game concepts, such as “interact with the object in the location”.

Manninen [53] analyses interactions in more specific manner, producing a taxonomy of
the different types of interaction found within 3D multiplayer games, called the Rich
Interaction Framework. This framework includes elements such as avatar appearance,
environmental details and language based communication, though this is non-exhaustive.
While this taxonomy provides a useful spectrum of tangible actions and considers their
purpose within some games, it fails to consider how those actions fundamentally differ or
the ways in which those actions result in interactions. It therefore isn’t easily adaptable

to narrative.

The common theme within existing games interaction research is the assumption of a
simulated virtual environment (sometimes known as a world) in which to act. Typically,
this is accompanied by the assumption of a player 'avatar’, which has the ability to move
around and interact with that virtual environment. As a result, much of the literature
focuses on players ability to interact using this virtual environment as a medium, such
as by opening a door for another player. However, within narrative this assumption
can’t be made. Hypertext is one possible example of this, being an interactive narrative
model that manipulates the story without any virtual environment. This severely limits
the extent to which much of the existing research in this area can be used to design and

understand interactions in MINEs.

2.5 Awareness Tools

While much of the study of interactions in multiplayer games holds limited use for
narrative, one particular view of interactions sometimes used within game research may

prove useful. ‘Awareness’, defined as “the knowledge of the presence of other people,



16 Chapter 2 Background Research

including their interactions and other activities” [20], has its origins in the study of

groupware and collaborative working.

Gutwin and Greenberg describe awareness as being “knowledge about the state of an en-
vironment bounded in time and space”, and suggests that because environments change
over time, this knowledge must be maintained through people interacting with the en-
vironment - in their case, a shared workspace with manipulable artifacts [38]. They
break down the components of awareness into two sets of elements, those addressing the
present and those addressing the future. While some of these components are clearly not
applicable at a purely narrative level, such as where another player is looking or their
current location, others do. ‘Presence’ considers whether anyone is currently working
in the workspace. ‘Identity’ considers who is participating in the workspace. ‘Author-
ship‘ considers who is doing something. ‘Action‘ consider what someone is doing, and
‘Intention‘ asks what goal that action is contributing towards. These components are
not medium specific, focusing on “awareness of people and how they interact with the
workspace, rather than awareness of the workspace itself”, and also capture non-verbal
interactions, making them a potentially useful tool in the quest for enabling narrative

interactions.

The notion of awareness has since been used to analyse multiplayer games [92, 21, 65].
It has the often applied notion of awareness ‘tools’, which are the mechanisms by which
awareness is achieved, and these have been looked at in a number of games. In particular,
Nova adapts this research to study awareness in first-person-shooter games [65]. Much
like the other research in games, the awareness tools they identify are inherently tied to
the medium of games, identifying elements such as “Avatar’s skin”, or “Weapon sound”,
However, they use a set of criteria to distinguish between these tools, which act far more

generically. These criteria are:

e Content - the information which is displayed (presence, location, intention, etc).

e Time Span - consisting of either synchronous awareness, which is obtaining in-
formation about the present, or asynchronous awareness, which is obtaining a

“historical perspective of the information”.

e Mode - the way in which the information is acquired. Either “passive” where the
information is permanently displayed, “active” where player A must activate the
tool to acquire information on player B or “reactive”, where player A’s actions

provide information to player B.

e Perceptual output - how the information is presented, such as a visual or audible

change.

e Recipient - who receives the information.
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These criteria are, in many ways, also medium agnostic, not addressing the specifics
of games, but could be applied to awareness tools that might be found in MINEs.
However, while awareness tools clearly play an important role in interactions and the
social experience of gaming, the extent to which they may be used to distinguish between

two interactions when taken as a whole is unclear, particularly in a narrative context.

2.6 Social Presence

Related to the idea of awareness is that of social presence. While awareness might
be considered the level of information a player has about who else their playing with,
social presence theory more broadly considers the sense and experience of being with
another person, although definitions vary. The theory was originally developed by Short,
Williams, and Christie [82], who described social presence as the degree of salience
between two people using a communications medium [52]. However, there is not a
widely agreed upon definition of social presence, and researchers frequently use the term
to refer to a variety of highly related by subtly distinct concepts. Garrison, Anderson,
and Archer define social presence as ”the ability of participants in a community of inquiry
to project themselves socially and emotionally, as ‘real’ people ... through the medium
of communication being used” [29]. Gunawardena and Zittle emphasies this ‘reality’ of
the person, defining it as the “degree to which a person is perceived as a ‘real person’
in mediated communication”. This sense of “realness” seems to commonly underpin

definitions, while the language around that concept seems to shift.

Early research (late 1980s and early 1990s) into social presence in computer-mediated
communication came the conclusion that that CMC was antisocial and impersonal be-
cause of the removal of social context cues, such as physical gestures [52]. However, this
was refuted in the mid 1990s, where research showed that CMC can be a very social and

personal experience [36, 37, 97].

Walther further defined the notion of “hyperpersonal” communication, where CMC has
surpassed the level of affection and emotion of face-to-face interaction. He proposed
that in an environment where few social cues exist, the few and subtle cues that do
exist take on a much larger value than they otherwise would in a face-to-face situation.
He also emphasises the role of feedback between sender and receiver, and the reciprocal
process of behaviour confirmation. This is where the behaviour of one person affects the
behaviour of the other. When the other reciprocates, it creates an ”intensification loop”

that can result in a hyperpersonal experience [97].

Social presence has been shown to have a relationship to student satisfaction in online
learning environments [37, 77], and Tu proposes it’s required to enhance and foster online

social interaction [95].
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The majority of social presence literature seems to deal with educational contexts and
free-form communication, such as text and video; while relevant to online interaction
and offering an useful context for this work, it’s difficult to bridge the gap between social

presence in online education contexts and the potential for social presence in MINEs.

However, a limited amount of literature exists on how multiplayer games can enable a
sense of social presence, although it’s suggested social presence is an often neglected area

of games research [18]. However, some attempts to study it have been made.

The “Social Presence in Gaming Questionnaire (SPGQ)” is a self-report measure that
was developed to understanding the social richness present in multiplayer games, which
identified three factors of social presence in games: empathy, negative feelings and be-
havioural engagement. Empathy relates to how people considered the feelings of others
and negative feelings addresses feelings such as envy towards other players. Behavioural
engagement is the extent to which players felt their actions and intentions were inter-
related with those of other players. For example, questions in this category considered
how a players actions depended on the actions of others, or how clear other players

intentions are to the player.

Hudson and Cairns constructed a separate questionnaire designed to measure social pres-
ence in online games, and then used statistical techniques to identify the most significant
areas of the questionnaire. Some of the questions identified related to the interrelation-

ship between player actions and observed intention within multiplayer games.

Social presence is potentially an important component of player experience in multiplayer
games [26, 27] and other collaborative virtual environments, suggesting it may be a
substantial component of MINEs. The questionnaires described in this section provide
both a potential avenue to measure social presence, but also suggest which elements of
the experience are significant contributors. These significant elements may be important

design considerations for MINEs.

2.7 Conclusions

This chapter has provided an overview of existing literature relating to the space of

multiplayer interactive narrative experiences.

It has briefly described interactive narrative as a whole, and considered the concept of

agency and how it pertains to interactive narrative.

It considered existing research systems and systems in the area of multiplayer interactive
narrative. It was discovered that little literature could be found, and where systems
already existed for exploring multiplayer interactive narrative, few could support the

three fundamental properties of MINEs: multiplayer differentiability, authorability and
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inter-player agency. Where there were systems that supported these properties, such as
MUSE by Riedl et al. [75], the research did not investigate in any depth the opportunities
or experience of inter-player agency within those systems. Similarly, these existing
systems lacked sufficient information or elements of their design to be implemented and

used as a base for further exploration.

Continuing along this thread of interaction, multiplayer games were looked at as a pos-
sible source of research and inspiration in how to understand interactions in MINEs. A
number of taxonomies and analyses exist exploring these interactions, however in almost
every case they were tightly connected to games: often presupposing the availability of

a virtual world, and mechanisms for the player to navigate and interact with that world.

However, two areas of interaction seemed to be relevant to narrative as well as games:
awareness tools and social presence. These aspects of interaction offer some insight into

possible areas to investigate within the the realm of multiplayer interactive narrative.

In summary, there seems to be little understanding of how multiple players within an
interactive narrative affects the experience or nature of the narrative. This is particularly
true when focusing on interaction and inter-player agency, with no existing research on

the impact player interaction has on that experience.

Further compounding the problem presented by this research gap, is that few systems
exist within the literature capable of supporting MINEs. The systems that can sup-
port MINEs are lacking working implementations or sufficient detail to implemented, in

addition to pre-supposing an environment such as a virtual world.

This suggests there is both the need for exploratory research, with the aim of gaining
initial insight into MINEs and their inter-player interactions, as well as a means of

creating and playing through a MINE.






Chapter 3

Characterising Interactions Using

Multiplayer Video Games

Little literature exists that looks at creating or understanding interactions in multiplayer
interactive narratives. The lack of a conceptual model or framework for inter-player
interactions within a narrative structure presents an obstacle to creating these narratives,
as any attempt to create such a narrative would be building interactions naively. This
approach presents a significant risk of missing interesting or substantial experiential

changes that result from unexplored types of interaction.

However, the lack of available MINEs for study makes creating such a model or frame-
work a challenge due to having few data sources to draw from. As an alternative, data
on interactions in multiplayer games is widely available due to their prevalence, and

potentially offer a wide variety of interaction types due to their varying mechanics.

While there’s existing literature around multiplayer game interactions, it adopts a game
design perspective, using concepts that are not necessarily applicable to narrative. Com-
monly, there is the assumption of a virtual environment in which a player is free to act
through an avatar, or a rich set of available mechanics [76, 69, 14]. This is not always
true in interactive narrative, for example hypertext narrative, which uses only connected

blocks of prose.

With the aim of better understanding this distinction between player interactions in
games and in narrative, contrast the decisions a player may make in a game and the
decisions they may make in a narrative. In games, a player may decide to fire their gun
in a shooter, swap two gems in a puzzle game, move units in a strategy or accelerate in
a racer. These decisions act at the level of the game’s mechanics, altering a simulation

with well-defined rules, with a view to affecting the future in a specific way.

Decisions in narrative have the potential to act at a different conceptual level entirely.

Consider a player’s decision to save a companion, to betray a friend or to set out on a

21



22 Chapter 3 Characterising Interactions Using Multiplayer Video Games

quest to save the world. These decisions can exist in any interactive medium: games,
books, hypertexts, interactive fiction, tabletop role-playing games or interactive film.
With this in mind, it becomes clearer why existing analyses of player interaction in
multiplayer games are insufficient to describe narrative interactions: they address the

simulation, rather than the story.

Despite this, games remain a useful medium for study. They possess a well-defined set
of non-verbal mechanisms for inter-player interaction, explicitly designed and added by
the developer. In effect defining a set of actions that, when taken, have the potential to

alter the other players’ experiences.

This chapter presents an alternative categorisation framework for inter-player interac-
tions in multiplayer games. This framework aims at provide a lens through which to
design and understand mechanisms for player interaction in a manner applicable to

interactive narratives, regardless of the medium those narratives are created in.

The definition of interaction used in this framework is grounded in the works of Reuter
[69] and Manninen [53], which state that interactions are “perceivable actions” with

“perceivable visualisations”.

This definition was transformed into a tighter definition that could be used to clearly
identify an interaction in a game. In this new definition, an interaction consists of two
players: an initiator and a recipient, and two parts: an action and an effect. An action
is the command the initiator gives the system, such as “fire a bullet in this direction”.
The effect is the impact that action has on the game state, such as “injure this person
and make a noise”. The effect must be perceived by another player, in order for this to

be an interaction [69)].

Using this definition, a framework was developed through a systematic analysis of a
sample of top-rated multiplayer games (n=17) across a variety of genres. This frame-
work is evaluated by applying it to three video games that were perceived by myself
as having novel types of multiplayer experience and were not in the original sample.
Its relevance to narrative is demonstrated by creating three story premises, collectively
showing that by varying these characteristics, fundamentally different multiplayer narra-
tives can be inspired. Finally, the framework was validated by having interactions in the
games independently identified by participants with experience in multiplayer gaming,
then re-coded, preventing any selection bias that may have been present in the original

interaction set.

To my knowledge this work is the first attempt to explore the range of interaction types
that may exist within multiplayer narratives. This chapter is structured as follows: Sec-
tion 3.1 outlines our methodology for creating and validating the framework. Section

3.2 presents a description of the framework and provides an example of classifying the
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interactions from one of the sample games. Section 3.3 then presents the results of vali-
dating the framework against three games with novel approaches to multiplayer. Finally,
in Section 3.4 we present three story premises inspired by the different characteristics

within the framework, before concluding the chapter in Section 3.6.

3.1 Methodology

The framework was built through an iterative coding of unique interactions identified in

a systematically sourced series of multiplayer games.

The first step of the analysis was to identify a set of games to analyse. These games had
to be systematically chosen from an independent source, in order to avoid introducing
bias into the game selections. Furthermore, it was preferred that the games would
exhibit a range of different interactions to create a framework capable of describing a

wide variety of interaction types and avoid being overly specific.

This was achieved by selecting games from a wide selection of genres. Metacritic' was
used as a source for the list of games, due to it having a large game selection and the
games pre-sorted into 18 different genres: action, adventure, fighting, first-person, flight,
party, platformer, puzzle, racing, real-time strategy, role-playing, simulation, sports,
strategy, third-person, turn-based, wargame and wrestling. Of these genres, ‘party’ was
omitted due to the quantity of games consisting of combinations of smaller mini-games.
Including party games would have significantly increased the complexity and decreased

the clarity of the analysis.

In each genre, the top 150 games ranked by user-rating were selected to form an initial
sample. User-rating was chosen as it provided a systematic way of selecting the games
without introducing personal bias. Non-multiplayer games were then removed, as were
games with fewer ratings than the median of 39. This was done due to remove obscure

games with extremely small review quantities which were prevalent in the samples.

From these valid games, the top game (sorted by user rating) from each genre was then
selected to be analysed. Initially, a saturation sampling approach was planned, which
would analyse games in each genre breadth-first until no new codes were produced.
However, this approach ultimately proved time-prohibitive, resulting in a single game
of each genre being used. This resulted in a sample set of 17 games, spread across 17

different genres with publication dates ranging from 1998 to 2013.

For each selected game, a single gamemode was chosen for analysis. This decision was
based on the mode with the most information available (a particular problem with older

games), typically the main or default gamemode.

metacritic.com
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Once the list of games had been creating, iterative coding was used to begin classifying
their interactions. This initially began at the game level, with the goal of looking at how
interactions differed when aggregated per-game. An initial set of categories was chosen
based on a discussion with my supervisor and the works of Zagal, Nussbaum, and Rosas,

who identified the key areas of “goals” and “props and tools” [99].

For each game, information was primarily sourced from video sharing platforms that
featured play of the game, augmented by wikis and reviews where the exact mechanics
were unclear from footage. The amount of information consumed per-game varied, as
games were studied until no new interactions were identified. In some cases, games
simply did not have enough information to be understood, and were replaced by the

next game on the sample list. These exclusions are described in appendix C.

The iterative coding saw each game analysed using the existing set of codes, until an
interaction was found that couldn’t be adequately described within the existing frame-
work. At this point, the codes in the framework would be created, modified or removed,
using the problematic interaction and hypothetical edge cases as a guide. After the

framework was refined, all analysed games would be re-coded using the changed codes.

However, as the framework was refined, multiple interactions with markedly different
characteristics could occur in the same game, resulting in the per-game aggregate of

these characteristics losing specificity; each game would have most codes marked.

As aresult of this, the approach shifted to focus on coding individual interaction mechan-
ics within the games, and coding was re-started using the categories that had previously
been identified at the game level as the initial codes for individual interactions. This
process was continued until every identified interaction could be described by the charac-
teristics of the refined framework. The identification of new interactions then resumed.
The framework was completed when all interactions in all 17 of the games could be

adequately described by the framework.

The framework was evaluated by applying it against games that were not in the sample
set, and which were perceived by myself and Dr. Millard as having unusual multiplayer
mechanics or a novel multiplayer experience. The aim of this was to discover whether
the framework adequately described the novel elements. The three games selected were
Dark Souls, Journey and Dead by Daylight.

Following this, the framework was further validated by having a set of participants re-
identify interactions in the same set of games using the interaction model previously

defined in this chapter. The methodology for this is further discussed in section 3.5.

This methodology is not intended to give an overall picture of interactions in multiplayer
games. Although the sample is varied, the claim is not made that it is representative.

Rather, the game selection criteria are used to ensure that the framework is based on the



Chapter 3 Characterising Interactions Using Multiplayer Video Games 25

Name Short Date Gamemode Num. Fo.und
Code Interactions

Ratchet & Clank: Up Your Arsenal RC 2004 | Siege 4
Dragon Ball Z: Budokai Tenkaichi 3 DBZ | 2005 | Versus 2
The Last of Us LU 2013 | Survivors 9
Counter-Strike CS 2000 | Bomb-defusal 7
IL2-Sturmovik 1L.2 2001 | Team-deathmatch 3
Super Mario Advance 4 1L.2 2003 | Cooperative 1
World of Goo WG 2008 | Cooperative 4
Midnight Club 3: DUB Edition MC3 2005 | Capture the Flag 3
Starcraft SC 1998 | 2v2 Siege 4
Mario and Luigi: Superstar Saga ML 2003 | Main Game 1
Race 07: Official WTCC Game RO7 2007 | Race 2
Greg Hasting’s Tournament Paintball | GHTP | 2005 | Elimination 2
Advance Wars 2: Black Hole Rising AW2 | 2003 | FFA Skirmish 2
James Bond 007: .

Everything or Nothing JB 2003 | Cooperative 3
Fire Emblem FE 2003 | Versus 2
Toy Soldiers TS 2010 | Versus 5
WWE Day of Reckoning WWE | 2004 | Exhibition 2

Table 3.1: Games classified during Framework Construction

interactions of popular and well-known games, with the contribution as the framework

itself, rather than the classification.

3.2 Framework of Distinguishing Characteristics

The games analysed are shown in Table 3.1. In total 56 interaction types were identified
from 17 games using iterative coding. An initial set of codes were defined based on
observations from the first game, which subsequently went through 8 major revisions;
each major revision typically representing a fundamental shift in the way interactions
were perceived or understood. Within each major revision, individual codes were further

refined, added and removed based on each interaction identified and categorised.

The end result was 9 codes that clearly describe differences between interactions in a
way that is not specific to multiplayer games. These codes are shown as a summary in
Table 3.2 alongside examples from the sample set. Three codes address the interaction

as a whole, while three focus on the initiator and another three on the recipient.

These 9 codes form the interaction framework; they act as set of distinguishing charac-
teristics that can both classify existing interactions, and be enumerated to explore the

possibilities for interactions in MINEs.
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Characteristic Value Count Example
General Characteristics
o 1. Guaranteed 35 LU:“Killing a player”
Likelihood
Heelthoo Possible 21 | LU:“Emptying a Box”
Tvpe Mechanical 52 CS:“Shooting and injuring a player”
yP Informational 4 WG: “Moving the cursor”
Svnchronicit Synchronous 56 LU:“Killing a player”
Y Y Asynchronous 0 No example classified
Recipient Characteristics
Explicit Alwafys 10 LU: “Hea.ling an ally” _
A Possibly 12 TS:“Taking control of a unit
wareness -
Never 34 AW?2:“Capturing a base”
) Always 49 FE:“Attack an enemy unit”
Deductive . : : :
A Possibly 7 TS: “Attacking using a unit”
wareness -
Never 0 No example classified
. Always 36 CS: “Killing a player”
Initiator 15 bl 20 | LU:“Emptying a box of items”
Identifiability ossibly :“Emptying a. ox of items
Never 0 No example classified
Initiator Characteristics
Explicit ﬁlwezai S Eg :;hoot‘fir.lg at abnd h;t.tting 3; player”
Feedback ossibly :“Emp .ylng a box .o items
Never 40 TS:“Queuing up a unit for deployment”
. Always 34 WG:“Moving the shared view”
Deductive -5 bl 22 | CS:“Droppi th &
Feedback ossibly :“Dropping a xiveapon on the groun
Never 0 No example classified
.. Always 42 LU:“Healing an ally”
Reciplent 0 bl 14 | LU:“Emptying a box of items”
Identifiability ossibly :“Emptying a. ox of items
Never 0 No example classified

Table 3.2: A summary of the characteristics identified in the 17 games analysed

3.2.1 Interaction Characteristics

Likelihood. When a player takes an action, an interaction only occurs if the
effect of that action is perceived by another player [69]. Likelihood is the chance that
an interaction occurs. It is guaranteed if the recipient can notice the effect regardless
of their current situation or state, such as a message that always appears when a given
action occurs. An interaction is possible if the recipient must be in a particular situation
or state to experience the effect, such as needing to be visit a box to see that an item

has been taken.

Interaction type. An interaction can be Informational or Mechanical. Informational
interactions only change the information available to the other player, or enable further
interactions that are informational. One clear example from the unclassified game Team

Fortress 2, is spraying a decal on a surface. Mechanical interactions make more concrete
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alterations to the other player or their gameworld, directly impacting the other player’s

agency.

Synchronicity.  Adapted for interactions from Zagal’s game-wide definitions [99], a
synchronous interaction requires that all interaction participants be participating in the
game at the same time. For example, applying a medical kit to a player in The Last of
Us. In contrast, in an asynchronous interaction it is not a requirement that all players
are participating at the time the interaction takes place. Perhaps contrary to intuition,
this characteristic doesn’t reflect the time disparity between an interaction’s action and
effect, rather the requirement that all involved players are actively engaging with the
experience when the interaction occurs. While no examples of this arose in the analysis,

Multi-User Dungeons are known to have asynchronous elements [99].

3.2.2 Recipient Characteristics

Explicit Awareness. A player is explicitly aware of an interaction if the game
explicitly informs the recipient that an initiating player was involved. This must always
be extradiegetic (not within the narrative or game world) [31], as it must explicitly use
the concept of another player. If this information is always perceivable to the recipient,
they are always explicitly aware, for example a notification stating “Player X has scored
a point”. If the player may not be able to perceive this information, they are possibly
explicitly aware, such as a message that only appears to players in a certain location.
They may also never be explicitly aware, if the game does not inform the recipient that

another player was involved, and they are left to deduce this by them selves.

Deductive Awareness. The recipient is deductively aware if it is possible to deduce
using the game’s rules that an effect was triggered by another player. It may always pos-
sible to deduce an effect was caused by a player. For example, if a territory is captured,
and only players are able to capture territories. However, it may only be possible to
deduce in some situations, such as if a game has both players and environmental factors
that can injure the recipient, and the recipient only knows that they have been injured.
It is also possible that it may never be possible to deduce the source of the effect was a

player.

Initiator Identifiability.  Identifiability describes whether the recipient knows the
identity of the player that has affected them. The initiator is always identifiable if the
recipient always knows the player that caused the effect, for example if “[Initiator Name]
has killed [Recipient Name]” always appears on the recipient’s death. They are possibly

identifiable if their ability to do depends upon their current situation or game state, e.g.
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they can observe who it is but are not guaranteed to. They may also never be able to

identify the initiator.

3.2.3 Initiator Characteristics

Explicit Feedback. The counterpart to Explicit Awareness, the initiator receives
explicit feedback if the game informs the initiating player that they have affected another
player with their action, as opposed to another entity, such as a non-player character.
For example, a message stating ” You killed jPlayername;”. Explicit feedback can either

occur always, possibly or never in the same manner as Fxplicit Awareness.

Deductive Feedback. The counterpart to Deductive Awareness, the initiator re-
ceives deductive feedback if they can deduce from the rules and information available
that they’ve affected a player. Deductive Feedback can either always, possibly or never

occur in the same manner as Deductive Awareness.

Recipient Identifiability. @ The counterpart to Initiator Identifiability, this charac-
teristic addresses whether the initiator can identify the affected recipient, but otherwise

functions identically.

3.2.4 Communication, Bots, and Indirect Effects

A number of aspects were removed from consideration during classification, as they

added significant ambiguity when assigning values to the framework.

Free-form communication options, such as voice and text based chat channels, are their
own medium for player interaction, outside of the set of interaction mechanics imple-
mented within the game. They obfuscate Feedback, Awareness, Visibility and Iden-
tifiability, by allowing the player to communicate any ideas they desire about other
interactions in the game, with the additional potential for a player to deceive others.
Therefore free-form communication was removed entirely from the analysis, in order to
avoid the additional complexity brought about by its relationship to other interaction

mechanics.

Finally, secondary effects arising from the context of an interaction were not considered
within the framework. For example, a player may defeat another player, in turn saving
the life of a third player, who then goes on to kill a fourth player. This complex chain
of interactions arises from several interacting interaction mechanics, and therefore is out

of scope of this work.
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. Sho.o t{ng and ShO(.)tl.ng and Killing Capturing
Interaction Name hitting a missing a .
a player Territory
named player | named player
Likelihood Guaranteed Possible Guaranteed | Guaranteed
Type Mechanical | Informational | Mechanical | Mechanical
Synchronicity Sync. Sync. Sync. Sync.
Explicit Possibly Never Always Possibly
Awareness
Deductive Possibly Possibly Possibly Always
Awareness
Initiator . . .
Identifiability Possibly Possibly Always Possibly
Explicit . . .
Feedback Possibly Possibly Always Possibly
Deductive . . .
Foedback Possibly Possibly Possibly Always
Recipient Always Possibly Always Always
Identifiability

Table 3.3: Example Interactions from ”Ratchet & Clank: Up Your Arsenal”,
Siege Mode

3.2.5 Example Classification

Due to size limitations the full classification cannot be shown, but as an example consider
the interactions for Ratchet € Clank shown in Table 3.3.

In “Capturing Territory”, the initiator is the player taking the capture action. The
recipient can be considered as any other player in the game. Capturing the area enables
the initiator’s team to revive at that location, making it a mechanical interaction. It is
a guaranteed interaction, as it updates a persistent user-interface element. The recipient
is always deductively aware, as only players can capture control points. The initiator
identifiability is possible as it requires the recipient to be in the vicinity and to observe
the capture. For the initiator, they can deduce that they’ve affected every player, as
every player either gains or loses access to a control point. The initiator can identify

every recipient, as everyone in the game is affected.

It can be seen from Table 3.3 that the collection of interactions that make up this game
mode have different profiles. This demonstrates why it is important to classify individual
interactions rather than the game as a whole, as the aggregate of the interactions fails to
capture these interesting differences, and would tend to converge on a value of *possibly’
for most of the characteristics. Modelling the interactions increases complexity but

maintains the fidelity of the analysis, and allows for more meaningful comparisons.
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3.3 Framework Testing through Application to Distinct

Games

While the framework suitably classified the sample set of games, it needed validating
with games outside of this set. Games were selected that are known for their interesting
approach to multiplayer, in order to test the expressive power of the framework. Each

game forms a small case study that helps reveal the framework’s value and limitations.

3.3.1 Case Study 1: Dark Souls

Dark Souls is an action RPG, developed by FromSoftware and published by Namco
in 2011 on a variety of 7th generation platforms. Dark Souls has a novel multiplayer
system in which each player plays the game within their own version of the game’s world.
Various interactions exist that allow players to interact with the worlds of others, with

“Signs” being one of the most prevalent.

“Signs” are runic symbols placed on the ground by players that have a chance to appear
in other players’ worlds. Signs allow the player to summon another player to their world,
view a message, or invade the other player’s world. The Gravelord Soul Sign, a type of
invasion sign, also creates powerful opponents in the other player’s world. The interesting
interactions associated with these signs is when the initiator places the sign, which then
appears in the recipient’s world. Placing a sign has unusual characteristics according to
our framework. Two types of sign (Message and Gravelord) are asynchronous. When

placing all of these signs, feedback never occurs nor is the recipient identifiable.

Many interactions within Dark Souls are either a secondary result of the player’s actions
or are unintentionally triggered. For example, each death has a chance of leaving a
“bloodstain” in the worlds of other players, which they can use to glean information
about potentially dangerous areas. These passive interactions were also unusual in our
original sample; the initiator in these cases is not identifiable nor is the recipient, and
no feedback occurs. These characteristic values are unique to Dark Souls out of the
twenty games classified in total, demonstrating a certain novelty in the games approach

to multiplayer.

3.3.2 Case Study 2: Journey

Journey is an exploratory adventure game, developed by thatgamecompany and pub-
lished by Sony Computer Entertainment in 2012 on 7th generation platforms[93]. Its
multiplayer system is notable in that it connects strangers, and limits their ability to

communicate to in-game actions.
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In Journey, players communicate in a limited sense by briefly creating a variable-size
sphere above their avatar. Energy is restored to the other player if they touch the
sphere. We categorised this as two interactions, one when the sphere is only seen and
another when energy is restored. Both are synchronous with recipient and initiator
identifiable. However, while the first is informational, possible interaction with possibly
deducible awareness and feedback, the energy interaction is mechanical and guaranteed
with always deducible awareness and feedback. However, in practice both interactions
are frequently used to provide information to the other player. This suggests that in the
second interaction the mechanical function is hiding the equally significant informational

one.

A novel mechanic within Journey is that each player’s energy is recharged when players
are in very close proximity. Triggering this was categorised as a guaranteed, mechanical,
synchronous, always identifiable interaction with always deductive awareness and feed-
back, this is an identical classification to interactions in both IL-2 Sturmovik and World
of Goo. The novelty stems from Journey’s design, which uses this subtle interaction to

encourage a collaborative experience.

The most novel element of Journey is the way in which players are matched without
explicit effort. As a player progresses, another player will simply appear, and many
players fail to realise the newcomer is another player. Despite the significance of this
matchmaking it cannot be considered an interaction (no triggering action) and therefore
does not appear in our framework. This suggests that further study of the way in which

players are matched in games is needed.

3.3.3 Case Study 3: Dead by Daylight

Dead by Daylight is a survival horror game, developed by Behavior Interactive and
published by Starbreeze Studios in 2016 for 8th generation platforms. It is notable as it

assigns different roles to players (survivors and killers).

The asymmetry between the roles results in interactions where a single action can have
different effects on different players. For example, when a survivor fails a skill check.
Other survivors perceive this as a loud noise and bright flash when nearby. However,
the killer receives an extradiegetic indicator of the direction and distance. To classify
this within the framework, the interaction was divided into two, survivor to survivor (S
to S) and survivor to killer (S to K).

The S to S is a possible interaction that is mechanical and synchronous with always
deducible awareness, always deducible feedback, possible initiator identification and an

always identifiable recipient.
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The S to K interaction differs in that it is guaranteed to be perceived by the killer. Thus
the survivor can always deduce they’ve affected the killer. While the framework captured
this asymmetry of perception by splitting the interaction, the relationship between the

interactions is lost.

Asymmetry of agency is also a key aspect. The killer has the ability to significantly
impact survivors, while survivors have little power against the killer. This is not reflected
in our framework, in part due to the absence of roles, but also as there is no measurement

of the impact of each interaction.

3.4 Designing Multiplayer Narratives using Framework

Characteristics

To demonstrate the applicability of our framework to multiplayer narrative, a number
of different narrative premises were created, inspired by the different characteristics
identified in the framework. These premises are abstract descriptions of a possible
narrative, with an overall structure and interactions based on a specific selection of

characteristics from the framework.

These proposed narratives may contain both interactions of the same type as the one

that inspired the narrative, as well as other types of interaction.

Premise 1. A spree of killings has recently occurred in London. Two detectives are
working the case - one from the local police station, another a private investigator, hired
by a relative of the victims. FEach character is played by a different player. The two
will never meet, but their interactions with the crime scene and victims will change the

course of the other’s investigation.

This narrative is inspired by an interaction using possible deductive awareness and no
feedback, with guaranteed interactions and no ability to identify initiator or recipient.
The players may deduce someone is interfering with their investigation, but will be
unaware of the effect their actions have on the other. This creates two intertwined

narratives but with notably different experiences.

Premise 2. The Research and Development department of a large corporation is
on the verge of a new technological breakthrough. Player one follows the head of this
department who must oversee the final stages of the research. Player two follows one of
their employees, who unbeknown to the head is a corporate spy whose job it is to steal

and then sabotage the research.
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Likelihood Guaranteed
Type Mechanical
Synchronicity Sync.
Explicit Awareness Never
Deductive Awareness Possible
Initiator Identifiability Never
Explicit Feedback Never
Deductive Feedback Never
Recipient Identifiability Never

Table 3.4: A summary of the characteristics used to inspire narrative premise 1

This premise has clear asymmetry. The spy is always aware and always receives feed-
back on their attempts to undermine the department, while the head has only possible

deductive awareness and possible deductive feedback, and will never identify the spy.

Likelihood Guaranteed
Type Mechanical
Synchronicity Sync.
Explicit Awareness Never
Deductive Awareness Possible
Initiator Identifiability Never
Explicit Feedback Always
Deductive Feedback Always
Recipient Identifiability Always

Table 3.5: A summary of the characteristics used to inspire narrative premise 2

Premise 3. The first player listens to the conversation of two women sitting in a
bar. The older woman reminisces on the critical decistons and mistakes she has made in
her life, interspersed with revelations about the younger women’s life that are directed by
the first player, perhaps in reaction to the experiences of the older women. The younger
women’s story culminates in her having aged, finding herself back at the bar explaining
her life story to a different younger woman. This telling of the life story is then used

for the next player.

This cyclic premise is inspired by an asynchronous interaction in which the initiator
possibly receives deductive feedback, but as a recipient only has deductive awareness, as
they are never told how their experience has been affected by the decisions of another
player, but might figure this out by reflecting on the decisions that they themselves have
made. The other player is never identified. The time aspect element of asynchronous
storytelling in this case facilitate time advancing at different rates for different players,
and means they can interact independently much as they would with a single player

narrative.
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Likelihood Guaranteed
Type Informational
Synchronicity Async.
Explicit Awareness Never
Deductive Awareness Possible
Initiator Identifiability Possible
Explicit Feedback Never
Deductive Feedback Possible
Recipient Identifiability Possible

Table 3.6: A summary of the characteristics used to inspire narrative premise 2

3.5 Further Validation using Independently Sourced Inter-

actions

In order to check for issues in the framework and to ensure interactions hadn’t been
selected to fit the framework and reduce the change of subconscious bias, a set of external

participants were asked to identify interactions in the same set of multiplayer games.

3.5.1 Methodology

These interactions were sourced by asking a set of 8 participants to identify interactions
in two to three games each (depending on the participants availability) using two videos
of each game. A 150 second clip was used from each video, beginning at the first point in
the video where multiplayer gameplay begins. Originally this clip was intended to be 300
seconds long, however this resulted in participants taking too long to complete the study.
The videos themselves were sourced from YouTube, using search terms documented in
the data provided with this thesis.

The first video of the correct game was selected from the search results. Videos were
eliminated for being of too low quality to understand, for being of the incorrect game, and
for having overlays which blocked access to on-screen information. The exact position

of each video within the results list is also available in the data.

Participants were provided with the definition of interaction used in this paper (consist-
ing of an initiator, an action, a recipient and an effect) and asked to identify interactions
between players in the games selected, breaking those interactions down into their four
component parts. Participants were also asked to provide timestamps of where the in-
teraction is in the video to allow them to be verified. Participants were told that they

do not have to document duplicate interactions.

In order to help the players understand how to split interactions into their component

parts, an example using the game 'Treadnauts’ was provided. This game was selected
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due to it not being in the main games list and having easily demonstrable interactions.
While it is possible this affected the result of the study, the example was necessary
to ensure participants had an understanding of how to breakdown interactions. The

example classifications and interaction were also provided.

Participants were required to have played at least 2 multiplayer games, so that they

stood a better chance of successfully identifying player interactions.

Once it had been explained to participants how to breakdown interactions, participants
were left to watch the video clips of each game and identify interactions using their own

judgement, with no further input from the researchers.

Once a list of interactions had been created, sourced from the participants, the frame-
work was applied to each interaction instance by myself. Some interactions were elim-
inated due to being misidentified, however the reasons for each elimination were docu-

mented and are available with the full list of interactions.

3.5.2 Results

158 instances of interactions were identified, with 94 remaining after eliminating interac-
tions that were unclear or mis-recorded by participants. The reason for each interaction’s

elimination is provided in the data, which is shown in full in Appendix B.

Overall, the interactions fit within the characteristics identified by the earlier framework.
However, it was challenging to classify interactions that were recorded per-instance. The
original framework was constructed by aggregating data across multiple videos, to build
up a full picture of individual game mechanics from both perspectives. However, the
mechanics here were frequently witness from only one perspective, resulting in missing

information on one side of the classification.

3.6 Conclusions

This chapter has described a framework for characterising inter-player interaction in a
medium independent way. It has put forward nine characteristics that when combined
create clear distinctions between different interactions found in multiplayer games: In-
teraction Likelihood, Type, Synchronicity, Explicit Awareness, Deductive Awareness,
Explicit Feedback, Deductive Feedback, Initiator Identifiability, and Recipient Identifi-
ability.

The robustness of this framework was then tested by applying it to a set of interactions
identified by volunteers in the same set of games that was originally coded. This test

showed that the framework was capable of classifying these interactions, however it also
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showed a requirement that multiple instances of each interaction need to be considered
using multiple perspectives, in order to create an adequate classification of the interaction

within the framework.

The framework was applied to three games identified as having unusual multiplayer
mechanics, to explore the extent to which the unusual aspects of interactions in these
games could be identified. While the framework was capable of classifying these inter-
actions, it did not capture all of the elements that made these interactions interesting
within their respective games, suggesting that its ability to describe novel interactions
by itself is limited. During the analysis of Journey and Dead by Daylight, the distinction
between mechanical and informational interactions was not always clear, suggesting this
definition may need further refinement. One possibility is that Interaction Type is not

binary, but rather more of a spectrum, making it harder to classify.

Similarly, the framework missed something important when describing games where
interactions varied between players playing different roles, particularly in cases where
the relative power of players was noticeably different. It further became clear that by
taking interactions an individual level, potentially interesting aspects of the experience

produced by combinations of interactions over time have also been missed.

The prevalence of perception within the framework leaves open the question of whether
providing the illusion of other players’ agency on your story would be sufficient. Similar

to how the illusion of agency can prove equally engaging to the real thing [24].

However, while the capacity of this framework to understand interactions in multiplayer
games is undoubtedly limited, this was also not the core goal of this study. The core
goal of the study was to convert the large and varied set of interactions present in
multiplayer games into an initial understanding of the different types of interaction that

may be created within multiplayer interactive narrative experiences.

The ability of the framework to do this was demonstrated in section 3.4, which showed
three distinct narrative premises based on three distinct sets of interaction characteris-
tics. This suggests that the framework is viable as a tool for designing and understanding
interactions within multiplayer interactive narrative experiences. While this framework
may not exhaustively cover all types of different interactions, it does provide an impor-
tant first stepping stone to being able to create multiplayer interactive narratives that

can be used to explore the impact of player interactions on the narrative experience.



Chapter 4

Enabling Multiplayer Interactive
Narrative Experiences using

Sculptural Hypertext

For research into MINEs to occur, there needs to be a multiplayer narrative platform ca-
pable of supporting each of their distinct properties: multiplayer differentiability, inter-
player agency and authorability. However, no such platforms are available for public

use.

There are a number of platforms that support authored interactive narrative[96, 46,
91, 40] but do not have any form of inter-player interaction. There are a number of
platforms that exist to create multiplayer games, but have no inherent support for

interactive narrative.

Platforms and models of interactive narrative that can support multiplayer interactive
narrative have previously been created within the literature, such as the case based
story engine of Fairclough and Cunningham [23] or MuSE by Riedl et al. [75]. However,
Fairclough and Cunningham’s case based story engine lacks authorability, being driven
by an Al story director. Riedl et al.’s MuSE is a model based on petri nets that can
theoretically support MINES, as it supports all three required properties. However, their
design does not explicitly consider how players may interact with each other within the

narrative.

To address this problem, I developed a model for multiplayer interactive narratives based
on sculptural hypertext [7, 58] that supports multiplayer differentiability, authorability
and explicitly considers how player interaction and inter-player agency may be achieved

within the narrative structure.
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This extended sculptural hypertext model is then applied to the StoryPlaces[40] open-
source narrative platform, to create a new, publicly available platform ‘StoryMINE’

capable of supporting multiplayer interactive narrative experiences.

This model supports interactions featuring any of the characteristics identified in chapter

3, as demonstrated in section 4.2.

This chapter is structured as follows: section 4.1 provides an overview of the model and
extensions to Sculptural hypertext. Section 4.1.3 describes the implementation of the
model within StoryPlaces. Finally, section 4.2 demonstrates the model’s support for
all interaction characteristics and discusses its use for multiplayer interactive narrative

experiences.

4.1 Extending the Sculptural Model to Multiple Players

4.1.1 Design of the Model
4.1.1.1 An Overview of Sculptural Hypertext

Hypertext is typically conceptualised as a directed graph: a set of nodes containing
content, connected by a series of edges that represent the links between content. In
the most common type of hypertext, calligraphic hypertext, these links are explicitly
specified by the author.

Calligraphic Hypertext (a) Sculptural Hypertext (b)

Figure 4.1: Calligraphic compared to Sculptural Hypertext

Sculptural hypertext inverts this model by implicitly connecting every node to every
other node, instead of having links be explicitly specified. It has a state, consisting of
a set of facts specific to the current reading of the hypertext. For example, these facts
could be predicates (e.g. “ball is on the table”), or arbitrary items of data, such as key-
value pairs (e.g. ”ball is on the table: yes”). Each node is assigned a set of preconditions
that must be satisfied by this state in order for that node to be visited (e.g. “ball is on
the table == yes”). By changing this state and therefore whether these preconditions
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are satisfied, nodes are rendered unavailable or available. In effect, links to unavailable
nodes are sculpted away, leaving only the links to the next valid nodes in the narrative.
Therefore, when talking about the current state of a sculptural hypertext, it can be
thought of in two ways: the set of all facts that are currently true, or the set of nodes

currently available to be visited.

In order to move through the hypertext however, that state needs to change so that new
nodes are unlocked. This achieved through actions that are attached to each node, and
trigger when the node is visited. These actions modify the state of the hypertext; for
example, an action might set the predicate ”ball is on the table”. This then changes the

availability of nodes, allowing the story to progress.

Figure 4.1 presents a comparison of calligraphic hypertext (a) and sculptural hypertext
(b). Part (a) shows a calligraphic hypertext, with the explicit links between nodes
represented by solid arrows. A player must visit 1, then either 2 or 3, followed by
4. Part (b) shows an equivalent sculptural hypertext, with the implicit links between
nodes represented by dashed lines. The two solid lines in part (b) represent the currently
available set of links: in this case, from node 1 to both 2 and 3. In this example, the
player has just read node 1, modifying the state to meet the preconditions for nodes 2
and 3.

4.1.1.2 Required Extensions to Sculptural Hypertext

Multiplayer sculptural hypertext is the extension of sculptural hypertext to multiple
players. This is done by sharing the state of the hypertext between players, so that
the actions taken by either player change the shape of the hypertext for both. This

reshaping forms the basis of player interaction.

However, if all of the state is shared between the players, then they will all see the exact
same set of choices. When one player makes a choice, it modifies the state in the same
way for everyone, resulting in the next set of choices being the same for everyone. In
this way, every player takes the same path through the sculptural hypertext, and it’s

not possible to achieve multiplayer differentiability.

Therefore, in a multiplayer sculptural hypertext model, only some state is shared, and
some state remains specific to each player. This allows players to see different sets of
available choices, visit different nodes and have distinct experiences, fulfilling the criteria

for multiplayer differentiability.

Sculptural hypertext is inherently a medium with authorability: all paths through the
narrative are pre-determined by the author, and the author is in full control of the

experience. The addition of shared state enables inter-player agency, and the retention of
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private state enables multiplayer differentiability. With these three properties satisfied,
this extended model of sculptural hypertext is capable of supporting MINEs.

4.1.1.3 Shared State Model

Within a singleplayer sculptural hypertext, each player has their own state: their own
set of facts that applies only to their current reading of the hypertext. Their story begins

in an initial state, that determines the set of nodes initially available.

The players advance through the hypertext by visiting a node, which modifies the current
state. The hypertext can be reset back to the beginning by setting the state back to its

initial values.

However, in multiplayer sculptural hypertext, at least some of the facts within the
player’s state must be shared with other players in order for interaction to be possible.
The shared state model describes which parts of the player’s state are shared with other

players.

The first question: who should the state be shared between? Suppose the simplest
shared state model possible, where all facts are shared with all players of the hypertext.
Consider then that such a hypertext was hosted on a globally accessible website: all
state would be shared with all visitors to the website! This means that any player who
wishes to read the hypertext would begin with an already populated shared state, and

it would be impossible to read the narrative from the very start!

In some stories, this sort of behaviour may be desirable, as evidence of this type of
storytelling exists in select multiplayer games. For example, Dark Souls’ orange sign
soapstone!, which allows a player to place down a message that can be seen in the
current games of other players’. In this example, a small part of the game’s state is
shared between every player of the game. In the game Moirai?, the player’s experience

is changed depending on the choices made one of the previous players.

However, it may not be desirable in every story. For example, some stories may be
authored for two players to play through from the very beginning. To allow this, the
idea of an ‘instance’ of a multiplayer sculptural hypertext is added to the model. An
instance is a single playthrough of the hypertext shared by multiple players, where all
players within that instance have some state which is shared between only them, and no
other players outside of that instance. This shared state shared between only a subset
of players is termed ‘instance state’, while the global state shared between all players

of a hypertext is termed ‘story state’. If a hypertext is designed to be played by only a

"http://darksouls.wikidot.com /orange-guidance-soapstone - Accessed 18/05/31
https:/ /kotaku.com/moirai-is-an-adventure-game-with-a-killer-twist-1795897859 - Accessed
18/05/31
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small number of people at the same time, it can use instance state to achieve this, and

restrict the number of players per instance.

The final part of the shared state model is the per-player state. This is a part of the
state which is only accessible to the individual player of the hypertext, which is required

for multiplayer differentiability, as described in Section 4.1.1.2.

State with Story Scope

( Namespace ) [ Namespace J ( Namespace )

Reader Reader Reader Reader

4 - ) 4 -
State with Instance Scope State with Instance Scope

Namespace Namespace
Namespace Namespace

J .

N\

e
.

Figure 4.2: Multiplayer StoryPlaces State Model

This leads to the following definitions. A sculptural hypertext consists of nodes, pre-
conditions and actions, which together define all of the possible stories a player may
experience. A multiplayer sculptural hypertext consists of sculptural hypertext with
story state, instance state and per-player state. Together, these enable the creation
of MINEs where inter-player agency only affects the players as they progress through
an instance of a narrative, or where inter-player agency has fundamentally shaped the

player’s story before they have even begun to play.

4.1.1.4 Example Using Narrative Snippets

Short narrative extracts portraying a scene, event or fragment of a story can be a useful

tool for guiding discussion. They provide a shared mental image and a common goal.

In many ways, these narrative snippets are analogous to user stories [6], in that they
implicitly capture the intended behaviour of a system and requirements of its user, the

author.

Snippet 4.1 presents one such event, describing archaeologists raiding a tomb.
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A professor and her assistant have located an ancient tomb in the desert, fabled to contain
a long-lost treasure. Clearing away the sand, they find a large stone door blocking their
entry. Combining their strength, they heave the stone clear of the doorway and enter
the tomb. Inside, they find a single chamber filled with gold and riches. Taking as much
as they can carry, they leave the tomb and head back to their vehicle.

Narrative Snippet 4.1: Opening the Tomb

There are a number of ways the author could choose to model this as a multiplayer
sculptural hypertext. The first decision they would need to make though would be the
granularity of their story. Figure 4.3 shows one possible playthrough. The snippet is

carved into several nodes, divided between both players.

Role: Professor Role: Assistant
1 Clear away the sand
Push on the door
N Push on the door
Enter the tomb
Enter the tomb
6 Take Jewels
Leave the Tomb
Leave the Tomb
L

Time

Figure 4.3: Opening the tomb - high granularity playthrough

Figure 4.4 demonstrates a less granular approach, using only 4 nodes with larger amounts

of prose per node.

By controlling this granularity, an author can decide the level of the narrative at which
actions and interactions take place. They might be at a similar level to game mechanics,

where each node is an individual activity of the player’s character: ”Reload the weapon”,
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Role: Professor Role: Assistant

!

Clear Sand, Open
1. |Door and Enter Tomb

Clear Sand, Open
2 |Door and Enter Tomb

Leave the Tomb with
4. the Jewels

Leave the Tomb

Time

Figure 4.4: Opening the tomb - medium granularity playthrough

”Jump in the air”. Alternatively, each node might be equivalent to entire chapters of a
novel: ”The Heroine’s Quests for the Sword”, or ” The Heroine Investigates a Mysterious

Disappearance”.

Figure 4.5 shows how the lower granularity example might be translated into a multi-
player sculptural hypertext, using predicates for the state. In addition to the precondi-
tions listed, there is an implicit precondition that restricts the node to either player 1

or player 2.
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4.1.2 Additions for Usability

Role: Professor

Role: Assistant

Preconditions

- Assistant in tomb

FPreconditions

Node Title

= Professor in tomb

Node Title

Clear 5and, Open Door
and Enter Tomb

Clear Sand, Open Door
and Enter Tomb

Actions

Assistant in tomb

Actions

Professor 1in tomb

Preconditions

Professor in tomb

Node Title

Leave the Tomb
with the Jewels

Preconditions

Actions

Assistant in tomb

Professor has jewels

= Professor in tomb

Professor has jewels

Node Title

Leave the Tomb

Actions

- Professor in tomb

Professor has jewels

Figure 4.5: Opening the tomb - sculptural hypertext implementation

While the previous section has described the additions needed to sculptural hypertext

to enable it to support MINEs, two additional elements were added to the model to aid

in authoring: roles and namespaces.

4.1.2.1 Multiplayer Differentiability using Roles

Roles are identifiers defined by the author and uniquely assigned to each player. The

available nodes can be restricted by specifying a player’s role as a precondition on certain

nodes. As this role differs between players, each player receives a different set of nodes.

In addition to this, roles are intended to simplify authoring by representing the individual

narrative threads experienced by each player; in snippet 4.1, the two roles may be

professor and assistant. This should make it easier for authors to build a consistent

narrative for each player.
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Namespaces With the role-based approach to multiplayer differentiability, various
nodes may need to be duplicated. Consider snippet 4.1, in which there might be a
node “Look around the tomb” that requires the player to be inside the tomb. This
would require a node each for both professor and assistant, each with preconditions
checking whether that player was inside the tomb. Instead, if the same precondition

could evaluate differently for each role, then the same node could be reused.

To achieve both of these properties, both instance state and story state are subdivided
into named containers called 'namespaces’. Each role has an associated namespace,
storing state associated with that role. Nodes can then be made generic by allowing

preconditions to access this role-specific state using a common identifier.

In addition to these role-specific namespaces, authors may also define their own in order
to assist them in conceptually grouping state, as can be seen in figure 4.2. While this may
help with authoring, it also provides information for use when authoring or analysing

narratives.

4.1.3 Implementation

One of the major issues with existing literature on multiplayer interactive narratives is
that they do not provide any details about the implementation of their systems, making
it hard to replicate their results or re-implement their designs in further explore its

possibilities.

The following section describes how the model was implemented within the StoryPlaces
platform[40], with the aim of enabling future researchers to further explore multiplayer

sculptural hypertext without the need to reinvent the wheel.

The StoryPlaces® project was a collaboration between Computer Scientists and English
Scholars for the purposes of exploring the poetics of location-based narrative. The
project resulted in a web-based platform for the telling of location-based narratives

using sculptural hypertext.

Rather than creating a sculptural hypertext engine from scratch for this work, the Story-
Places platform was extended to support multiplayer narratives. This avoided the need
to re-create existing components, while also demonstrating that the multiplayer narra-

tive model is a superset of sculptural hypertext through full backwards compatibility.

4.1.3.1 StoryPlaces Overview

The StoryPlaces platform is made up of three core components: the Reading tool, Server

and Authoring tool. The Reading tool is a single-page web application built on the

3storyplaces.soton.ac.uk
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Reading Tool Authoring Tool JavaScript Aurelia
Client Framework
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Figure 4.6: StoryPlaces Architecture, User Interaction and Data Flow [40]

Aurelia framework?® that implements the user-interface and sculptural hypertext engine.
The server acts as a host, data store and content validator [40], serving the reading tool
to browsers, storing the story templates and backing up player progress. The authoring

tool features story creation, editing and management but is out of scope of this work.

List Stories Select Story List Story Select Story
Instances Instance
\
Show Node Select Node List Visitable
Content Nodes
l \
i Y N
Completion 95 o
Screen

Figure 4.7: StoryPlaces User Flow

Figure 4.7 demonstrates the StoryPlaces workflow. When StoryPlaces is opened in a
browser, the system retrieves all available stories from the server and displays them to
the user. On selecting a story, all of the story instances associated with that user are
retrieved from the server and displayed. As in the model, instances are a combination
of a story and state, though the instance’s player is also stored. A user may select an
existing instance, or create a new one. When the user chooses an instance, the sculptural
hypertext engine takes over. The engine presents the user with a list of available nodes
and map with markers any location-aware nodes. Selecting a node displays the node’s
content to the user and triggers its actions, updating the hypertext’s state. This state

is then backed up to the server, so the player can resume the story at a later date. At

“https://aurelia.io/ - Accessed 2018/05/31
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the end of the story, the user is taken to a completion screen, then returned to the story
list.

A few differences exist in the multiplayer system. Instances may have 1 or more play-
ers, with other players able to join later. Therefore the system displays all non-finished
instances of a particular story, allowing the player to select one to join. Any further
restrictions, such as a maximum number of players, are handled within the hypertext.
Once a player has selected an instance and entered the hypertext, the user-facing work-
flow is the same, although state changes are synchronized between all players of the

current instance and the server.

Behind the scenes, there are more significant changes. In order to fully support mul-
tiplayer sculptural hypertext, the system must support both instance and story states,
each subdivided into namespaces. These states must be synchronised across all players.
The system must also support roles that uniquely identify a player and allow those roles

to access a "this” namespace, local to the role.

4.1.3.2 Multiplayer State Model

Originally, state in the Storyplaces client was stored as a set of named variables associ-
ated with a story instance, forming a key-value store. The multiplayer system instead
uses scopes: one for the story state and one for the instance state. These scopes con-
sist of namespaces, which consist of variables. Together, these three tiers create a (key,
key, key)-value store of scope name, namespace name and variable name. This triad
of keys is termed the variable reference and uniquely defines the location of a variable.
Objects which can access state, such as scopes and namespaces, implement a wvariable
accessor interface which defines two operations: get and save. These operations retrieve
data from or save data to the location specified by a wvariable reference. This allows a
great deal of flexibility when considering alternative types of scope and namespace in

the future.

For a given story instance, all state is accessed through a single root object: the synchro-
nized state container. This container is itself a variable accessor and encapsulates both
story and instance scopes, augmenting them with synchronisation between the client
and the server. It does this in two ways: updating the local state with the server state

and updating the server with the local state whenever it’s modified.

The local state is kept up to date by retrieving the state from the server at a set interval.
The server is treated as a canonical data source, overwriting the entire local state on
each update, provided it is more recent than the local copy; this prevents old copies
delayed due to network traffic from reverting the story state. The recency of a scope
is measured by a version number, incremented every time the state on the server is

successfully updated. With this technique alone, it’s possible for two differing states to
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have the same version number, causing updates from the server to be ignored. This is

resolved by the pushing mechanism.

Whenever local state is modified by a node’s actions, the client attempts to push it to
the server. The user is prevented from making further choices, the polling for updates
is stopped, and the state is serialized as JSON and sent to the server. In order for
this pushing to be correct, it needs to maintain some of the underlying assumptions of
sculptural hypertext. First, transitioning between nodes occurs sequentially; i.e there is
a strict, total ordering on transitions. To examine why this is necessary, consider two
players who select nodes simultaneously. The first player’s node locks a door. The second
player’s node opens that door, with the precondition it is unlocked. If these events occur
simultaneously, the second player finds themselves opening the door, despite it being
locked. In a strict, totally ordered system this isn’t an issue, as the second player’s node
becomes unavailable once the door is locked. The second assumption is that visiting a
node and triggering its actions must be atomic: all of the actions must be performed,

or none of them.

To guarantee these assumptions, the system implements a form of compare-and-swap
[43] when pushing updates. Each scope is given a version number and a hash. During
a push, the current state of each scope, along with a hash of its previous state, are sent
to the server. The server compares this hash with the hash of that scope’s current state
on the server. On a match, the server increments the scope’s version number, hashes
the scope’s state and saves it, before returning the server’s state to the client. If the
match fails, the current state of the server is returned to the client, and the client begins

conflict resolution.

To resolve conflicts, the client first replaces the local state with the state returned by
the server. The client then attempts to replay the last node navigated to by the user, if
that node is available. If this replaying succeeds, the client attempts another push. If
either the second push or replay fail, the client adopts the current state of the server,

the user interface is updated and the user left to make a new choice.

One limitation of this resolution mechanism is it doesn’t give the user the option of
selecting a new node that may have opened, as a result of changes by other clients. This
could be mitigated by detecting this situation in the future, and avoiding re-applying

the user’s previous choice.

4.1.3.3 Role Assignment

As discussed in section 4.1.2.1, roles are a mechanism to distinguish between players,
allowing node conditions to target different individuals. The system doesn’t provide a

role-selection tool by itself, instead providing the action SetRole and condition IsRole to
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the hypertext. This allows the author the freedom to integrate role selection into their

story, in addition to enabling role changes as the story progresses.

However, in order to ensure the ”this” pseudo-namespace functions correctly, each player
is provided with an anonymous namespace on joining the story instance. This temporary
namespace cannot be referenced, except with the ”this” keyword, and cannot be returned

to once a role is assigned.

4.1.3.4 Schema

{
"conditions": [
"id": "rope_thrown",
"type": "check",
"variable": {
"scope": "shared",
"namespace": "tomb",
"variable": "rope_thrown"
}
I
"pages": [
{
"id": "Role Selection - Helper",
"hint": {
"direction": "I want to be the helper",
"locations": []
Iy
"name": "Be the Helper",
"pageTransition": "next",
"conditions": [
"no_role",
"no_helper"
15
"functions": [
"assign_helper_role",
"mark_helper_taken"
1,
"contentRef": "ChooseHelper"
}
]’
"content": {
"ChooseHelper": "...Content goes here..."
}’
"roles": [
{
"id": "Helper"
o
{
"id": "Explorer"
}
]
}

Figure 4.8: An Extract of a Multiplayer Storyplaces Story
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A minimal number of changes to the existing StoryPlaces schema are needed to support

multiplayer sculptural hypertext, each of which is demonstrated in figure 4.8.

Firstly, elements of the schema that specify variables may now be Variable References
(as defined in Section 4.1.3.2) or strings of characters. Strings are assumed to refer to
a variable in the instance state, within the ”this” namespace. This assumption enables

variables in singleplayer StoryPlaces stories to work as-is.

In order for the SetRole and IsRole primitives to function correctly, the schema requires
a list of roles used within the narrative. However, this restriction may be lifted in future

versions, as alternative implementations of these primitives may be possible.

Finally, first-class content was introduced to the schema, to allow node content to be
re-used. This reduces duplication, making the story more maintainable for the author.

However, this is not specific to multiplayer narratives.

Support has been added to the StoryPlaces schema upgrading tool to re-format Story-
Places stories for the multiplayer system, allowing older singleplayer narratives to be
experienced. This allows for the introduction of possible multiplayer elements into these
stories, while demonstrating that multiplayer sculptural hypertext supports a superset

of the singleplayer stories.

4.2 FEvaluation and Discussion of Model

Chapter 4 presented a extension of the sculptural hypertext model and accompanying
platform that combined allow for the creation of multiplayer interactive narrative ex-
perience. This system is capable of supporting interactions that exhibit each of the

characteristics outlined in chapter 3.

In this section, the system’s ability to support these characteristics is demonstrated,

followed by a discussion of the system, model and their limitations.

4.2.1 Support for Inter-Player Interaction

Outlined below are each of the characteristics identified in chapter 3, with a short ex-

planation of how each can be demonstrated within the system.

Likelihood. An interaction occurs when an action is taken by one player that results
in the current or future choices available to that player changing. An interaction can be
guaranteed by requiring the recipient to eventually be in a state where the changes to
those choices are visible. Any action by the initiator that means the recipient may enter

that state, but is not guaranteed to, makes an interaction possible.
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Interaction type. Informational interactions are achieved by opening up alternative
nodes with node content that provides additional information about the story, without
changing the future choices otherwise available to the player. By definition, any non-

informational interaction is mechanical.

Synchronicity. Interactions are asynchronous by default, not requiring any other player
to be online. Use of story scoped state enables asynchronous interaction between in-
stances of the story. Synchronous interactions are achieved by using the TimePassed
condition to create a window of time in which a node is available, forcing the other
player to be online in order to act. Alternatively, progress in the story can be blocked

by another player, requiring their active participation to progress.

Feedback and Awareness. Explicit and deductive feedback/awareness are accom-
plished through the author’s use of both node content and hypertext structure. To
achieve awareness, the author can include messages on nodes made available through an
interaction, informing the interaction’s recipient they’ve been impacted. Visiting this
node can make a node available to the initiator, informing them of their effect on another

player.

Identifiability. Within an instance, identifiability can be achieved using a similar
method to Feedback and Awareness, adding the names of roles or characters to the node
content to uniquely identify players. However, there’s no means of achieving identifi-
ability between story instances (such as in subsequent retellings) as there’s no global

identifier associated with players, nor a means to insert dynamic content into nodes.

4.2.2 Evaluation through Exemplar Narrative Segments

Several exemplar narrative segments are presented below that demonstrate one or more
of the characteristics identified in chapter 3 using the techniques outlined above. The
structure of these narrative segments is outlined using a graph consisting of nodes, locking
relationships and unlocking relationships. An unlocking relationship specifies that a node
(the dependent) requires another node (the trigger) to have been visited before it is
available. A locking relationship specifies that the dependent node is unavailable if the

trigger node has been visited.
4.2.2.1 Exemplar 1: Guaranteed Likelihood, Awareness and Initiator Iden-

tifiability

Exemplar 1 demonstrates an interaction that’s guaranteed to occur. By requiring the

adventurer to pass through the node unlocked by the king, the adventurer will always
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One player is a king, the other an adventurer. The king chooses to have a child with
the queen, then locks the child in a tower guarded by a dragon, as is tradition in their
land. The adventurer sets out to find an adventure. The adventurer has the option to
set out on a quest to save the child, but only after the child has been locked in the tower.

Narrative Snippet 4.2: The Tower

Official AND | G5 Through
Role: Selected d Door
Official
Role:
Guard
Guard o Scan .| Go Through
Selected "] Fingerprint g Door

Node D Unlocks ———» Locks —

Figure 4.9: Structure of Exemplar 1

experience the interaction. However, overuse of this technique may lead to a poor

experience for the adventurer, if their narrative is frequently blocked by the other player.

This gating technique [39] can also be used to synchronise players that may be reading
at different rates. In this instance, it allows a slow king to catch up to a quick-reading

adventurer, although the same structure could be used in reverse to synchronise both.

In order to achieve explicit awareness, an extra-diegetic message can be added to the
content of the “Go Through Door” node, as seen in figure 4.10. By including the name

of the initiator’s role in this message, the initiator can be uniquely identified.

4.2.2.2 Exemplar 2: Synchronous Interactions

Stories in Multiplayer StoryPlaces are asynchronous by default, allowing players to ex-

perience the narrative at their own pace. While the system doesn’t force another player
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Go through the door marked "TOP
SECRET'

The guard reaches down to the blinking scanner beside
the door, inserting a thumb into the glowing recepticle.
Moments pass. A mechanical voice echoes down the
corridor '"ACCESS GRANTED', as the door reverberates
with a lound clunk before sliding open. Following the
guard's lead, you step into the dimly lit room.

Continue Reading &

Go through the door marked "TOP
SECRET'

[The Guard reader chose to unlock the door]

The guard reaches down to the blinking scanner beside
the door, inserting a thumb into the glowing recepticle.
Moments pass. A mechanical voice echoes down the
corridor '"ACCESS GRANTED', as the door reverberates
with a lound clunk before sliding open. Following the
guard's lead, you step into the dimly lit room.

Continue Reading [

Figure 4.10: Deductive vs Explicit Awareness

The Official and the Guard enter the "TOP SECRET’ room to find the other meeting
attendees waiting around a large table that takes up the center of the room. As the
Official goes to sit down, they knock some precariously perched files off of the table edge.

The Guard has a short time to catch the files in order to avoid picking them up from
the floor.

Narrative Snippet 4.3: The Meeting - Synchronous Interaction

ROIGZ Official .| Knock Files o Story
Official Selected "] Off Table Continues
Available for 5 seconds
@ < 5s
» Catch Files —
Role:
G d Sgliiggd AND OR > Co?\tt?r:ﬁes
uar
{\:/:} > 5s
o Pick Files | |
" Off Floor

Available after 5 seconds

Unlocks ——» Locks —

Node D

Timer @

Figure 4.11: Structure of Exemplar 2
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to be actively participating, Exemplar 2 demonstrates how a narrative might contain
synchronous interactions. When the Official in narrative segment 4.3 knocks the files
from the desk, a new node is opened up to the Guard for 5 seconds, allowing them to
catch the files mid-air. This time has to be sufficiently large to account for reading the

node’s description, in addition to network and system latency.

With this mechanism, the time-limited node may expire before the player is able to
view it due to them being too far behind in the narrative. This could be mitigated by

frequent use of synchronisation mechanisms, such as the gating used in Exemplar 1.

4.2.2.3 Exemplar 3: Feedback and Information Type

Files in hand, the Guard places them back down on the table, reading out the title of the
top file as they do so. The Official either listens to the chairman of the meeting talk, or
listens to the guard, gaining the Guard’s attention if they do so. Having placed the files
back on the table, the Guard goes and stands by the door.

Narrative Snippet 4.4: The Important File - Possible Explicit Feedback

Listen To .
. | Continue
Meeting Stor
Chairman y
Role: official
Ofﬁcial Selected
AND Listen To
Guard
OR Continue
Story
Role: Notice
ole: Guard Read File Official
G ua rd Selected Title Loudly Listening
(Feedback)

Node D Unlocks ———» Locks —&

Figure 4.12: Structure of Exemplar 2

Feedback can be provided to the initiator before or after an action. When an action is

guaranteed to result in an interaction, the initiator can be informed immediately that
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their action will impact another player. However, if the interaction is not guaranteed to

happen, feedback can still be achieved by making a new node available to the initiator.

In Exemplar 3, an interaction occurs when the Guard creates the opportunity for the
Official to listen to them. If the Official chooses to the listen to the Guard, a new node is
opened up for the Guard which informs them of their impact on the Official’s narrative,
providing explicit feedback. However, if the Official is presented with the choice but
chooses not to listen to the Guard, an interaction has still occurred. In this situation,
the Guard won’t receive the feedback. The result is it’s only possible the Guard receives

any feedback.

This exemplar also demonstrates an informational interaction. The narrative past this
point isn’t structurally impacted, however the Official is provided with more information

which may influence their decisions at a later point.

4.2.3 Discussion

The system represents, to the author’s knowledge, the first usable platform for MINEs,
providing a basis for future work that explores the possibilities for multiplayer stories.
By using a sculptural hypertext model, the system benefits from existing research into
authoring [60] and a known ability to support a variety of interactive narratives. When
compared with existing models, this the first model that can fully describe both the

overall narrative structure and interactions between players.

One consequence of modelling individual interactions and narrative threads is an increase
of authorial complexity. Each additional role requires its own narrative and interactions
with other roles. This results in a linear increase in author-produced content, and a
possible exponential increase in content due to inter-player agency. This increase in
interaction count increases both content required and the challenge of reasoning about

the narrative.

These increased content requirements are best demonstrated by the example story cre-
ated in Chapter 5. This story took a few months for a team of 3 people to create and
consists of 579 nodes, resulting in a story of around 1 hour. However, much as in sin-
gleplayer interactive narratives, these times will vary significantly based on the type of

story, number of players and amount of agency afforded to each player.

Adding to the existing authoring challenges are concurrency problems such as starvation
and deadlock. If gating is not employed, with one player able to finish the narrative
before another, then the second player will be starved of agency over the first. However,
if gating is employed the possibility of a deadlock may be increased, where the narrative
cannot progress due to a lack of avai