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Abstract
Creating a system to represent procedural story generation in computer games presents a
number of problems. First, is there an abstract representation of structure is required to track the
progression made through the story, and with the interactive element, is there a method to
balance the outcome of the story?
These problems will be solved by using the Artificial Intelligence planning method, STRIPS, and the
Markov Decision Process, to create a stable set of rules for story progression has been established.
Starting in a plot state, the game player can then choose an action (or a decision) which will lead
them to the next plot state as the outcome. But actions can also have multiple outcomes, these
outcomes are not part of the game player decision but are decided by the story itself.
This structure is tested by utilising Targeted Trajectory Distribution to create probabilities of each
of the goal states on each plotline, and using these to create probabilities for each of the action
outcomes. These generated probabilities will become part of the implementation with the
expectation that the probabilities of the goal states generated by the implementation will closely
match the original probabilities.
The results show that the approach used produces accurate results under certain circumstances, in
which the probabilities of player choice are balanced with game choice, and reasoning is provided
for circumstances wherein less than acceptable results are produced.
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1. Introduction
Stories are an integral part of interactive computer games, as they provide strong immersion
to the players as they assume a role within a virtual world. Stories, whether explicit (designed
into the game and told to the player), implicit (relying on the player’s imagination for story) or
a combination of both, breathe life into a virtual environment. Without stories, games become
a sandbox, an environment that is devoid of reason to play. This section will introduce the
Problems associated with procedural story generation and provide a solution to the problems
presented.

1.1.

The Problem

As technology has evolved so have the capabilities of computer games. The size and complexity
of virtual worlds has expanded from single static images with limited colours to theoretically
endless worlds with immense detail and interaction. The Stories told by virtual worlds are still
restricted, not just programming or by design, but through conventional storytelling systems.
When comparing stories in contemporary computer games, similarities in the storytelling
methods to other forms of media such as film and literature can be identified. Common aspects
include structure, such that all stories include a beginning, a middle and a conclusion. Common
elements such as character roles and types, story progression and the presence of secondary
plots are also present.
To differentiate a computer game from the other types of media is the level of interactivity that
is present. This interactivity is primarily present the gameplay of a computer game, with the
predominant form of storytelling in computer games remaining linear, much like the other
mediums (Adams 2010). This is due to the advantages that linear stories provide to
development. These advantages include less content, and a simpler storytelling engine prone
to less bugs. What will be argued is that linear stories are capable of greater emotional power,
or are otherwise, of greater quality to non-linear (or interactive) storylines.
This runs parallel to other issues present in storytelling such as the non-use of concurrent
plotlines, in particular with a larger cast of character. Also notable is non-adaptability, in which
the plot is tailored towards specific character roles and types, or the characters are tailored
towards the story that needs to take place. Non-adaptability provides a disadvantage when
expanding to include a vast array of plotlines and only serve to place restrictions on plots that
a game player can partake in.

1

Interactive Stories also have notable problems that need be addressed, in particular when the
plot is able to branch. Plotline branches are susceptible to the optimal strategy in game theory
(Field 2008), which states “If there is an optimal strategy, the player will take it every time”.
This becomes a problem when attempting to achieve a desired split of player choice that
follows a close representation of the story designer’s intentions.
It is therefore hypothesized that Procedural Story Generation can be used to produce
compelling and engaging stories to complement the virtual environment and gameplay in
computer games. This requires a formal story representation that can be used for the synthesis
of complex and potentially unbounded storylines. Such a representation would satisfy the need
to communicate an ongoing and continually developing story in a manner that is complex and
provides a variety of outcomes whilst maintaining the intentions of the story designer.
To accomplish this and evaluate our hypothesis there is a need to answer the following
questions:
1. Is it possible to create an abstract representation of story structures that includes all
key elements with suitable progression? This would need to represent all roles and
event control elements that are required to create an interactive computer generated
environment.
2. Can a theoretically never-ending storyline that incorporates a finite number of plotline
be created with minimal repetition?
3. What are the relationships between the plotline patterns used and the effect of story
patterns and elements?
4. Is there a correlation between the assigned probability of a goal outcome and the
calculated probabilities of the choices required to get to said goal?
5. What is the relationship between goal probabilities and the different type of choices
possible?
In summary, this will we answer the question, ‘Is it possible to create an attractive and
believable virtual environment that demonstrates a formal story representation for infinite
storyline synthesis capable of controlling the outcome and in which relationships between all
roles, events, characters, actors and plotlines can be easily identified and analysed?’

1.2.

The Solution

Each of the sub-problems will be addressed in turn. The first step in the process takes examples
of story representation and manipulation from existing systems, (including mediums other
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than computer games) and describe the representation used. The mechanisms used to
progress elements throughout the story are categorized in order to identify the common
aspects. The patterns during this process must define the possible attributes of the various
actors and describe the events through which the characters progress through the story. Player
character profiles are then mapped into roles in the various stories that will be created once a
representation has been created.
A trial system is created to allow players to participate in stories generated from these patterns.
This system allows control of parameters such as the number and type of patterns used,
information about the player, and the flexibility of choices provided to the player. These are
used as independent variables in the evaluation. The implementation provides a simple, option
based text interface that emulates the control that would typically be provided through a
game’s graphical user interface.
To address our hypothesis, a number of experimental evaluations are conducted. The scope
and range of the patterns used are quantified by firstly determining the accuracy of the control
mechanisms used to achieve a desired outcome probability, and secondly, with an analysis of
the effects caused by story elements that are in effect.
Using the results gathered, this thesis:
1. Identifies plotline patterns appropriate to a modern genre of stories relevant to current
computer game scenarios and provides a specification of a representation that allows
this class of data to be represented.
2. Demonstrates an implementation that employs these patterns for procedural story
generation.
3. Establishes a system wherein control over story outcomes can be achieved by allowing
target points in an interactive story to be assigned a probability that will be achieved.
4. Evaluate the variation possible through supporting multiple concurrent storylines with
respect to the goal of allowing computer game story writers and designer to prolong
gameplay by mixing multiple plot elements.
These answers promise to improve the scope and complexity of current role playing games and
allow for story creators to explicitly exert greater control over story progression and outcomes.
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2. Related Work
Stories transcend time and exist and are expressed in many different forms. Attempts have
been made to break all stories down to using a common structure and identifiable elements.
Even interactive stories have been present in the chronology, but only recently has technology
allowed this interactivity to expand beyond the simple choices of a Choose-Your-OwnAdventure novel. The structures and elements that make up a story are also present in these
interactive formats. Thus this analysis considers story representations used from a range of
media, in addition to those used for computer games.
A means to graphically structure, organize and standardize the story and plot whilst
maintaining, and even emphasizing the elements of interactive computer games is required.
Such a representation must support relevant elements common to all story structures that are
required to satisfy the goals of this work; specifically to allow control over multiple concurrent
plotlines and to support analysis of usage patterns as gameplay progresses.

2.1.

The Theory of Story

2.1.1.

Folk Tales

Folk (or Fairy) tales are some of the oldest stories in existence thanks to their spread from
generation to generation and have some of most extensive analysis in regards to story (Forest
2000). (Propp 1928) uses Russian Folktales as a basis for analysis, and determines that there
are five categories of elements that define a folk tale. These are;
1. Functions of Dramatis Personae [Character Roles]
2. Conjunctive Elements [Situations that the lead character is placed in]
3. Motivations [Reasons and Aims for Actions]
4. Forms of appearance of dramatis personae [Introduction of character roles into the tale]
5. Attributive Elements or Accessories [Locations/Objects/Characters/etc. that are important
to the plot]
Using these five elements, an outline for the beginning of a Russian Folktale can be easily
generated. Such an example is; a hero is introduced, followed by a villain [Number 1 and 4] who
places the hero in a situation [Number 2] that is beneficial to the Villain [Number 3]. This
situation has a negative effect on the hero [Number 3] who must go on a journey to get a
helpful object from an important location [Number 5] to stop the villain to rectify their
situation. [Number 3]
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Progression of the story is also considered, and is outlined in 31 ‘Narratemes’ (or steps of story)
contained through four spheres (phases or the structure) of the story. While very few stories
will incorporate all ‘Narratemes’, they will largely occur in the order specified by Propp, with
some groups that are able to occur in alternative arrangements without affecting the story
progression. They are also allowed to repeat if necessary. In regards to the four spheres of the
story, they are;
1. Introduction [Set the Scene]
2. Body [Main section of the story]
3. Donor Sequence/Resolution [Search for/Provide the resolution]
4. Hero’s Return/Epilogue [Optional. Provides closure to the characters]
Whilst Propp’s analysis was meant for the creation of Russian Folktales, it does allow for a
creation of a story in other fields. The structure is clear, and provides insight into the elements
that are key to giving a story its function, thus these are elements that must be supported by
the story representation.
2.1.2.

Adapting a Screenplay

Although non-interactive, film has long been an accepted form of storytelling and investigating
the way stories are produced in that medium is still largely relevant. The popular ‘Save the Cat!’
(Snyder 2005) (Snyder 2007) series of screenwriting books provide an analysis of the generic
elements used within screenplays.
A point consistently made is that every story has already been written, but it up to
screenwriters to place a fresh twist upon these stories to make them unique. A key similarity
between the approach of Snyder when compared to Propp is the structure of the story, in that
there are three mandatory sections for which the story to take place (referred to as spheres by
Propp and Acts by Snyder) that have similar connotations. Snyder’s act structure consists of;
1. Thesis (The World and characters are established)
2. Antithesis (The World and/or characters are turned upside down)
3. Synthesis (The World and/or characters are changed for the better)
Also noted by Snyder is the standard use of 40 beats (recommended, but not absolute) within
a screenplay which essentially represent scenes. This is comparable to the 31 Narratemes
established by Propp. In Snyder’s study, there are no explicit instructions on what these beats
must be and Snyder even encourages moving them around until the author finds a suitable
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arrangement. Snyder also suggest that Act 1 and 3 should consist of approximately 10 beats
each, whilst Act 2 contains the remaining 20, making up the body of the story.
There are other important considerations noted down by Snyder that are key to producing a
successful movie (as such they are not required but highly recommended). The biggest of these
is what gives the series its name of ‘Save the Cat!’ in that the hero of the story must do
something that defines who he or she is and makes the audience like him. This can be as simple
as saving a cat from a tree. Other appropriate observations, which also have relevance to
Propp’s Categories of Elements, include;
1. Conflict over Primal Urges; Something at stake (eg. Survival, hunger, family, etc.)
2. Conflict and Emotional Highs and Lows Present in every scene.
3. The Antagonist must be ‘badder’ than the Protagonist.
4. Major Characters (especially the hero(s)) should have an arc. This should be a change in the
character’s personality that presents itself as an improvement from how the character
started.
2.1.3.

Interactive Storytelling

Structure in interactive stories (Crawford 2013) downplays traditional story elements and
instead focuses on elements that are unique to Interactive Storytelling such as branching trees.
Interactivity is still a relatively new development in the storytelling space, and no clear
standards have been developed yet. With that in mind, Crawford has made some observations
as to what makes interactive storytelling unique.
The user should be able to make dramatically significant decisions. Not every interactive
moment included has to be considered a part of the story. Decisions that focus on resource
choices or puzzles are interactive but add nothing to the world that the story is based in. These
cannot be considered interactive storytelling and are rather just gameplay. We argue instead
that every little detail can be considered a part of the bigger overall story. However it is still
important to have a distinction between interactive gameplay elements and interactive story
elements, as most gameplay elements will not further the story in any meaningful way.
The decisions presented to the player must be balanced. If there is a clear advantage over
choosing one choice over the other then the game player will choose it every time. This creates
a conflict with other forms of storytelling that force a situation onto characters wherein their
decision feels obvious and natural to the character. The interactive storyteller must create a
set of decisions that can meet this criteria whilst creating a fair balance of the outcomes.
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Players should be presented with a lot of decisions, most of which will only affect the story
world in a small way. Having frequent decisions that drastically effect the world can remove
the player immersion due to the complete unrealistic nature of the decisions. However, having
nothing but minor decisions can lead to the player feeling unimportant and as though they are
not really in command of the interactive storytelling. It is again, important to find the balance
between large weighted decisions with the smaller decisions.
2.1.4.

Similarities

Similarities and consistencies between Propp and Snyder’s work can already be observed, even
if they are explained rather differently. The three stage structure is most notable, and is
generally identifiable in examples of the media discussed. Propp’s categories of elements are
also clearly evident in Snyder’s work even if they are not explicitly stated as such. The use of
elements (Narratemes and Beats) favours Snyder’s work due to the fact that it does not focus
on the one specific type of narrative unlike Propp’s Russian Folktales.
Crawford takes a different route by explaining the differences between interactive storytelling
and the traditional storytelling described by Propp and Snyder. However, none of the important
points described by either side necessarily clash with one another enforcing the idea that these
elements can be combined easily.
The common dynamics of story have been identified in the preceding discussion. The following
section examines representations that have been used to implement and analyse stories within
computer simulations.

2.2.

Progressing the Story

One of the methods used to represent progression in computer games is the Markov Decision
Process. A Markov Decision Process can be broken down to a set of possible states, and a set
of possible actions. Also included for the application of Artificial Intelligence to decision making
is the real value reward function and the description of the effect of each actions effect in each
state. (Givan & Parr 2013) Markov Decision Processes are represented visually as a tree
diagram, thanks to its simplicity. Progression in interactive stories can also be demonstrated
using the same setup of states and actions as they both utilise a structure that involves States
being linked to other States by Actions, of which a technically infinite number are possible.
With this structure, Tree Diagrams are a suitable choice for this representation of progression,
however, in an attempt to cover all bases, various papers describing an analysis of branching
stories are described. An example of a Tree Diagram can be seen in Fig. 1.
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Fig. 1. A simple example of a Tree Diagram.
The parent state (or node) has a choice of two actions (represented by the arrows) that lead to two different
child nodes.

2.2.1.

A Sequential Approach

Stories can be thought of as a sequence of events, and (Yu & Riedl 2012) provide a compelling
motivation to use the tree diagram as a sequencer, along with providing an analysis on Drama
Management. Drama Managers are designed to monitor the decisions of the players and after
time, will be able to predict the outcome of the story based upon these past decisions. The
Management of Drama is then combined with Player Modelling.
In their scenario, Player Modelling refers to generating a basic Player Profiles using a rating
system that is used by players during what is called a ‘training phase’ as they make choices
throughout the example stories. This Player Model is intended to accumulate enough
information to accurately predict the choice each type of player would pick under a given
situation.
With this information, the algorithm can create the “optimal” version of the story based on the
player models that were built. Their algorithm combines drama management and player
modelling is used to great success using stories derived from classic Choose-Your-OwnAdventure books, having an over 80% correct predication rate from human users not a part of
the initial decision monitoring (and higher for those that were).
This research is useful for acquiring player models, but it has a major flaw, it essentially takes
an interactive story and strips away any form of interactivity. However, Drama Management
could potentially be used to predict upcoming choices from the player and alter the story to
entice them otherwise, and, as there is a need to have AI-controlled actors, having player
models like this can help facilitate AI choices.

8

2.2.2.

An Artificial Intelligence Approach

Studies looking into the future of Interactive Storytelling have noted the potential to utilise
Artificial Intelligence in progressive storylines. (Young 2000) The representation of progression
in an interactive story can be used with an Artificial Intelligence planning model (Gervás et al.
2006), evidenced by the prior application of the Markov Decision Process and its suitability
towards planning models. It is clear that the underlying architectures required for an interactive
storytelling system would be similar to those in Artificial Planning Models. (Magerko 2005). The
representation developed here has similarities with the structures used by the STRIPS AI
planning method. (Russell & Norvig 2003). STRIPS utilises States (can also be referred to as
goals) and Actions, with actions being defined by prerequisites that must be met in order to
perform, and sub sequentially, there can also be effects on the State given the Action. (Nilsson
1998) This is demonstrated in Fig. 2.

Fig. 2. The Progression of the STRIPS AI Planning Model
Actions are given greater emphasis in STRIPS.

STRIPS has been widely used in computer gaming before as an Artificial Intelligence Planning
Method. Like every other scenario that STRIPS has previously been utilised in, F.E.A.R. (Orkin
2006) uses STRIPS to control AI, allowing it to analyse its state and take an action accordingly
that can put it in another (goal) state. This planning model has similarities with the tree models,
such as the Markov Decision Process, analysed earlier. They also involve being in a state, in
which the player would choose an action that would take them to a goal (state). Further
investigation to the other elements of the STRIPS planning algorithm produce Prerequisites (in
order to perform an action) and Effects (that occur because of the action), of which hadn’t been
9

previously represented as part of story progression in a graphical analysis before. These
elements are present as part of the gameplay in computer games. An example of this is, you
need to have a sword in order to swing a sword. STRIPS has also previously been used as part
of a storytelling system by (Barros & Musse 2008) to measure the progression of a computer
game, specifically looking at pace at which the story progresses and to analyse the prevention
of dead ends using this type of system.
2.2.3.

Unified Approach

The STRIPS approach to representation is very similar to the standard Markov Decision Process
in that they both involve states and actions. The difference is that STRIPS makes actions more
important whilst explicitly providing pre-requisites and effects for those actions. Both of these
elements are relevant to a story, especially an interactive one. The visual creation of Tree
Diagram incorporating the key elements of Markov Decision Processes and the STRIPS
algorithm allows for a design for a progression structure to be used in the story representation.

2.3.

Targeting the Specific Story

An approach to representing and measurement has to be produced due to the intention of
detailing the effect of altering probabilities upon plotlines. This is done to allow for story
designers to alter the probability of each outcome that a plotline can produce in order to
produce a balance or a more highly desired outcome.
In order to gain a starting point in developing this system, an adequate prior system is needed
to serve as a basis, with a higher preference on algorithms focuses on Tree Diagrams, due to
the similarity and thus, high adaptability, of the possible algorithm. (Roberts et al. 2006)
combines the aforementioned Drama Management with a Markov Decision Process to create
an estimate probability given the target probability of a leaf node (i.e. Using a Tree Diagram).
This entire process is called Targeted Trajectory Distribution Markov Decision Process (TTDMDP). The group made further refinements to this algorithm in (Bhat et al. 2007) which applies
the KL algorithm to reduce error, and in (Roberts et al. 2007) to minimize divergence from the
targeted probability through sampling.
Process wise, TTDMDP produces an expanded tree that ensures each state will only have one
input. This version of the Markov Decision Process is called a Trajectory Tree. Each leaf node is
then required to be initialized with a target probability. This target probability represents the
probability that the particular trajectory will be the outcome. Next, given the first parent node
t (in the first iteration, this would be the parent of the first leaf node) whose probability is
unknown, a series of linear equations will be produced by calculating for every child t’i, the dot
10

product of the Probability of t’I given an action with respect to t with the Probability of an
action given t which will produce the Probability of t’I given t. The probability of the parent
node, t, can then be calculated using the sum of all child nodes. This process is then repeated
for all parent nodes.

Fig. 3. The probabilities of TTDMDP
TTDMDP achieves results by defining the probability of the goal states and then calculating the branches in
reverse topological order.

The advantage of the TTDMDP algorithm is in the incorporation of states and actions through
a Markov Decision Process which heavily utilises Tree Diagrams as a representation, which
makes it consistent and adaptable to the other material previously discussed. Contrary to how
the paper utilises the function, the design of this project will be using it as a means to gather
the Probability of the t’I given the action with respect to t which is a known variable in their
algorithm, but will be the unknown in this scenario. As such, modifications will be required to
enhance the equation to make it relevant.
To meet the goals, a means to analyse the probabilities of story outcomes and measure the
effects of modification of these probabilities will need to be employed. This will require that
the representation and measurement systems are highly compatible.

11

3. Representation
Creating a means to analyse, construct and decipher the many parts of a story requires a logical
representation of which all elements are identifiable. The representation allows for a
consistent structuring of different stories and simplifies automation of analysis. Addressed in
this section is the Structure of the Story Representation, and followed by sub-sections further
detailing each segment of the structure. Consideration will then be applied to story elements
unique to gameplay, and draw it all together as a Visual Graph Representation.

3.1.

Structure

Representing the structure of a story in a gameplay situation requires that terms need to be
categorized and then defined in order to enforce consistency throughout any scenario. Taking
what has been learned from analysed work, we design a state system in order to analyse the
game state by representing specific aspects of the game world. The tree structure is used
because every state has several successor states. This results in a structure that encapsulates
all possible gameplay scenarios, with consideration also given to expansion beyond the single
player structure defined in this work. This structure is;
1. Mythology; Also referred to in literature as ‘canon’.
2. Storyline
3. Plotline
4. Events
5. Actions
6. Outcomes
These concepts are described in the following sections.

3.2.

The Various Types of Lines in a Story

With the concept that the game player is participating in a theoretically never-ending story,
there is a need to track the game player’s overall progress through their gameplay. As the game
player is going to be participating in many plots, it’s suitable to consider the player’s entire
journey as their story, thus their storyline. For example. Thomas’ storyline. Also notable is that
in a multiplayer scenario, many of these storylines exist, thus a need for a higher level to exist
above this, entitled mythology which consists of the storyline progress of all players within a
game world. Both Mythology and Storyline also encompass an analysable state in the game
world and game player respectively.
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With the overarching levels covered, the individual plots that make up a story are best
represented as plotlines. As the crux of the concept, Plotlines are what determines what the
game player should be accomplishing. The goal of creating a Never-ending storyline with a
finite number of plotlines also means some consideration needs to be placed in keeping
repeated plotlines “fresh”. Interaction between different plotlines will also need to be
considered, such as participation in multiple plotlines simultaneously and what degree of
dependencies are acceptable.
Another consideration in regards to plotlines, is the analysis of concurrently running plotlines.
It is intended that the game player will be able to interact with multiple active plotlines and the
analysis consists of the effects the story elements has upon plotline statistics such as length,
choice and plotline repetition. In addition, the gameplay variables detailed in section 3.5 are
relevant information to the player state, and the gameplay variables can either be considered
unique to each individual plotline such as role, or alternatively, just considered unique to the
game player, and thus part of the storyline, which would include the player location and
inventory.

3.3.

States, Actions, and the Outcome

Events are the key to progressing a story. Every Plot consists of a series of events. To achieve
an interactive story, the narrative must evolve with the player and the gameplay choices they
make. This becomes considerably more difficult as more “real” players are added into the
game. Achieving a balance between gameplay choice and complexity of the stories will
generate how to provide events to the story and player. The point at which events occur within
this system is simultaneous with a plotline state, and as such, plotline state will be the term
that will be preferred throughout the project.
Due to the interactive element of the gameplay, with every valid input there is an action that
corresponds with it. At each state, the player will have a varying choice of what actions they
will be able to perform. These actions can also have prerequisites that must be met in order to
perform them, and then once performed can also create an effect (positive or negative) to the
player state. For example, in order to swing a sword, the prerequisite will be that a sword must
be in the player inventory, and then once they have swung the sword, the effect may be that
the sword is no longer useable, and thus the player state will lose a sword.
For a potentially never-ending story, positive and negative outcomes of the player’s choices
and how they affect the player’s overall involvement in plotlines should be considered. With
minimal dependencies, these outcomes, for example, could provide non-essential Inventory
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that at worst could delay (but not completely stop) progression in the plotline, restrict player
choice or make players take another path or plotline to get the required Inventory.

3.4.

States and Levels

In games, a state refers to a point wherein no action is being performed and information about
the game world can be identified. For a lot of modern day games, this data can be identified at
every frame, but for story analysis, a state is explicitly the point where the player is presented
with a choice. Two types of states will be analysed, the Player [Storyline] state and the Plotline
state. A Player state contains information about the player name, location, the active plotlines
[and their Plotline State and role], along with Player Inventory. The Plotline state is represented
by an identifier to track what point the player has progressed through a plotline. Again, the
higher level exists, with World state, however, this will not be looked at in detail as in a single
player scenario it is essentially identical to the game player state.
These Player state elements are also important to be represented such as roles, which are
essential to every story ever created, as even the most simple of stories will have a protagonist
as a minimum. As stories expand and more characters are added, a means to define their
standing in the story needs to be provided. In the scenarios present, the role will begin as
‘player’ (essentially meaning undefined) and depending on the players actions will morph to
‘hero’ or ‘villain’.

3.5.

Gameplay Variables

Interaction between the story and the Game Space will have a profound effect on how stories
will unfold and can also be used to balance events. The Game Space will need to incorporate
identifiable locations, such that location can be incorporated into the story, and utilised as
prerequisites and effects. In addition, there will also be items that may be required in order to
logically progress or make a choice available in a plotline. Quantity of player inventory is
another aspect that needs to be considered to increase the expandability and incorporated
within the same gameplay functions.

3.6.

Representation as a Graph

With all this in mind, a representation of a story in graph form can be created for a number a
different purposes that are not just the ideal way to not only demonstrate any and all possible
story sequences in an easy to digest manner, but as a means to analyse, access and measure
the story occurrences within the game.
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Taking into account all of the elements previously mentioned, a Markov Decision Process, a
commonly used standard for interactive storytelling, will be incorporated. Extra features will
be applied to this Markov Decision Process in order to provide access to all of the features
mentioned. The most notable change to structure is the deeper integration of Actions, to be
represented in a similar manner to that seen in STRIPS.
In STRIPS, Action is represented as on the same level as State. What this provides is a more
accurate reading when incorporating Prerequisites and Effects, along with providing a more
accurate representation of what is happening inside the application structure, including
providing additional functionality. As such, when the game player is in a state, they are given a
choice as to what action they would like to perform, provided that their player state meets the
prerequisites to perform that particular action. The action is then performed, and the game is
then able to choose the state that the player will end up in, along with applying effects to the
player state given the game choice. This results in a structure that looks like Fig. 4.

Fig. 4. The structure used in this work
Influenced by Markov Decision Processes and STRIPS, the game player will be able to choose an available
action freely, and then using the probability calculated by TTDMDP, the game will assign a new state in the
plotline to the player.
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This change is facilitated by Actions also requiring their own decisions along with States. The
decision pointers that will input into Actions will have details on the Action prerequisite and
decision pointer outputting from Actions will note the Effects that are the consequence
(positive and/or negative) of making that choice of action. Using this representation of story,
any form of interactive story can be represented in a visually appealing manner that is easy to
decipher, and provides an easier means to approach analysis and measurement.

3.7.

Contributions

Described in this section is the structure designed to facilitate Story Progression within an
interactive and continuous world. The structure accounts for all the identified elements of
story, whether general to all forms of storytelling or specific to gameplay and allows for
Representation as a Graph.

16

4. Measurement
As noted in section 3.6, using the combination of the Markov Decision Process and STRIPS
architecture allows for a more dynamic, yet simple setup that can represent any story scenario
at its most raw form. This allows for graphical depictions of gameplay that are capable of
looking more in-depth at individual plotlines or the game player state (i.e. Storyline) as a higher
level graph whilst maintaining consistency in the format. Both types of graphs are useful to
research as they are capable of providing different information about the story interaction.
Introduced are the identified elements of gameplay and story progression that will be
measured along with how they are measured.

4.1.

Gameplay Statistics

Further measurement will also be recorded as statistics that are tracked throughout gameplay.
Game Player state information will be recorded in detail during actual gameplay as a means to
track what is happening when not producing a graphical output. In addition to being useful as
a troubleshooting tool during development, it also beneficial as a means to track actual player
choice and the changes that are occurring to the game player state. To add to these
measurements, there will also be tracking of the amount of times a plotline is repeated, the
number of times that a player is passing through each plotline state, and the number of times
that each action within the plotline is chosen. Tracking this information is useful to achieving
plotline balance and determining player models by analysing choice distribution. As a further
step, the number of turns that it takes the player to complete a plotline will also be tracked and
analysed, of which these statistics are useful in determining plotline difficulty or issues.

4.2.

Focus Areas

Incorporation of Plotlines that focus on different aspects of story elements is also a major
consideration due to the effect that these differences could possibly have on aforementioned
statistics. For the initial testing phase of the application, five different plotlines are planned,
each with a different focus. These include;


Plotline 1: Player Choice, Location & Role Prerequisites.
o

A plot about finding treasure. A treasure map is needed to obtain the treasure and
is only available in four locations. The player can buy (this costs money) or steal the
treasure map to become a hero or villain, which depending on the choice will open
different options to the player.



Plotline 2: Player & Game Choice, Inventory & Location Prerequisites, Inventory &
Location Effects.
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o

This plot is about travelling with a friend to find inventory, your (player choice) or
the friend (game choice) can turn on each other that will result in a battle.



Plotline 3: Player & Game Choice, Role & Inventory (optionally from another Plotline)
Prerequisites, Inventory & Location Effects
o

There is a bounty in Plotline 3. A game choice will determine if it is on the player or
on another character. If it is on another character this can be ignored, but
otherwise the player can battle using items obtained in plotline 2 or a unique item
in plotline 3.



Plotline 4: Inventory Prerequisite (mandatory from another plotline), Inventory Effect
o

The player can use the treasure they obtain in plotline 1 to “decorate” their homes.
Thus the treasure is required to progress.



Plotline 5: High Player Choice
o

The Player is given a choice of sixteen different actions they can do to pass the day.

Plotlines 1, 2 and 3 cover similar aspects in regards to the story elements applied to them, with
subtle differences and are thus the most comparable in focus. Plotlines 4 and 5 are more
specialized and focus on single element in order to gather the specific effect of that element.
The combination of the Tree and STRIPS algorithm provides a strong structure to not only
produce dynamic, expandable and compelling stories, but provides a graphical means to
analyse the not just the structure of individual plotlines but the overall gameplay. Also
beneficial is the structure can provide an easy means to produce statistics specific to the storybased gameplay, which then can be analysed based on common story elements, determining
the effect said elements can have on story progression.

4.3.

Targeted Trajectory

As mentioned previously, creating a series of plotlines with modifiable trajectories is one of the
key outcomes of this project. The plotline representation is the lesser of the problems
associated with this, as developing a system that can produce accurate and reliable results is
the real challenge. The previously noted Targeted Trajectory Distribution method previously
outlined formed the basis of this algorithm, however, differences in plotline representation and
known variables require some modification of the TTDMDP algorithm in order to make it
relevant to this specific application.
4.3.1.

The Difference in Requirements

The biggest difference, first and foremost, is in the representation of the plotlines. The original
algorithm is based on standard Markov Decision Processes, of which, there is only one choice
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to consider when moving from state to state. Whilst this implementation is also based on the
Markov Decision Process, there are now essentially two choices between states, the player
choice and the game choice (or in a multiplayer scenario, this could potentially be the result of
another player’s choice).
The second major difference is that a different unknown is required to be solved. The original
was looking for the probability of the trajectory at the various states of the trajectory. In this
application, the probability of the states are either known or easily calculable by sum the of all
child nodes. Instead, the unknown variable is the probability of the game choice, or in more
terms more similar to the original paper, the probability of the new state given an action.
4.3.2.

The Solution for the Requirements

To solve these differences, several different applications were applied under an extra set of
rules. The most notable rule change, at least for the initial calculations, was that “Player Choice
is always split even”, for example, if the player had a choice of three actions, the probability of
an action given a state, would be 1/3 in each choice of action. Whilst this even split would be
unlikely in a realistic game scenario, as factors such as dominant strategy, preferences,
prerequisites and audience type, among others would have a large effect on determining player
choice probabilities. The control that the administrator or writer would have of the plotline is
coincidental at best, and with full control being a key element of game choice, focus is better
applied there. For now, the choices that the player makes are considered even in order to get
a working model up for analysis.
The next rule change involves the alteration of the unknown variable, along with extra
information being provided due to the change in structure. To compensate for this, the
unknown variable, probability of s’ given a will be calculated by taking the probability of a
given s and dividing it with probability of s. This function will look like;
P(s’|a) = P(a|s) / P(s)
4.3.3.

Applying the Solution with the Representation

With the key differences accounted for, there is a need to appropriate the graphical plotline
representation in order for the function to produce the accurate results that are being sought
after. Due to the noted differences in the Markov Decision Process algorithms used by the two
instances of Targeted Trajectory Distribution, there are multiple different possible ways to
represent the plotline in a way comparable to the original Markov Decision Process.
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This includes the standard method of representing a plotline graph, which draws each possible
state and action once, and represents the movement between each with that standard in mind.
However, this representation cannot be considered a trajectory graph, due to factor such as
reconnecting paths and potential repetition (i.e. returning to a previously visited state). To
counteract this, another two types of graphs were also envisioned.
A full trajectory graph, which requires each state and action to only have one input, and what
is identified as a State trajectory graph, in which actions can only have one input, however
states can have multiple inputs. Essentially, this final type of graph exists as midway point
between the standard plotline graph and the full trajectory graph. For a further measure, the
state trajectory graph, when identifying each of the unknown variables, each of the identical
unknowns can be identified as the same.

4.4.

Conclusion

Identified in this section are story elements relevant to creating an Analysis of Plotline
Interaction whilst simultaneously active in the storyline. In addition, Plotlines were designed in
order to facilitate experiments upon the identified story elements.
Also described is the function used for Targeted Trajectory Distribution for the Analysis of the
individual plotlines. This will be used for gathering game choice probabilities given target goal
probabilities.
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5. Implementation
For the analysis of the problem, a custom interactive application is required in order to fully
incorporate all the identified story representations. In order to get a trial system up and running
in a very quick manner, the best approach was to create a board game version. Discussed is the
process on creating the implementation along with the features present and used as part of
the experiments. This will also include the algorithms used for story progression and a
demonstration of the cycle used via the application.

5.1.

Board Game

Board games are still fundamentally similar to computer games, and turn-by-turn basis would
allow for a much broader and open sense of what will be identified as State. Further reason
supporting the physical design is that gameplay can then be used to determine aspects of the
design that worked in favour of our analysis and goals, along with weeding out the features
that either needed to be altered or removed.

Fig. 5. The Board Game Design
This design was used as a trial system to test the design principles and determine what elements would be
most important to analyse.

5.1.1.

Game Features

The Initial version of the board game yielded some helpful feedback to the features that would
be moved into the application. The game world featured as a 4x4 block map with each of the
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16 blocks given the name of a location. These locations were easily switchable, and the game
world was also expandable to any size (but restricted to enforce simplicity). Three plotlines
were featured (again, for simplicity) that incorporated role, location, inventory and multiple
player support. These plotlines were stored on cards that the player had to pick up to use and
contained a description of the action along with a hint of what to do next. Players also had a
scorecard with which to write down and track their progress.
5.1.2.

Initial Feedback

Upon gameplay, it was found that the turn-by-turn design made it easy to analyse cause and
effect as each action was performed. However, in order to enforce consistency, the design was
altered for the application so that all plotlines would be active (so that when the application
started, the player would be in the beginning plotline state of all plots and upon completion of
a plotline, would perform another action to return to the starting point), and that the focus
would be primarily on the effects on a single player rather than multiple players active at once.
The primary reasoning for this was already mentioned consistency, and the fact that it was
determined that these features were not essential to creating a story, as such, having just the
basics of story would allow for a more in depth analysis. There were some other features
considered for the board game that were also scrapped from the application to due to lesser
story impact such as situations (teamwork or battles with another player), extra player state
statistics (i.e. health) and a shopping interface, again for the same reasons noted above. Rather,
plotlines that called for these features would have them simulated in a sense that the story
would progress just based upon player actions.

5.2.

Computer Game

Overall, the trial system aided in focusing the direction of the application. The story elements
that were deduced as most important for analysis became evident, and allowed for a suitable
structure and algorithm to be developed as per said needs. Classes required include “Plotline”,
with State, Action, Prerequisite & Effect sub-classes required to explicitly describe the story
structure, and “Player”, which would contain information about the game player. These two
classes would provide a structure for plotline state and player state respectively. In addition,
to create not just a standard, but added functionality for, the story elements, Role, Location
and Inventory require classes as well (although not nearly as big as the two primary classes).
Variable data will be read into the program from .txt files to allow for changes to be made
easily.
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5.2.1.

The Backbone

With a design set in place, the gargantuan task of creating an implementation now fell upon
the project. The first goal, and by far the longest was to create a working game in order to
ensure to set up the infrastructure for which to test out the problems. Structurally, the first
step in this process was to develop the classes required for controlling the backbone of the
application. Thus the first requirement in the implementation set-up is to produce individual
classes for any story or plotline variables that would be needed as per the requirements of the
plotline. In this instance, the variables that were set up include Role, Location and Inventory,
but the possibility exists for many more including, but not limited to, goals and situations. These
Variable goals will be required to be set up first due to every other aspect of the application
using these variables, such as for pre-requirements and effects in plotlines and for information
about the player state.
5.2.2.

The Plotline

As the player state will contain information on the current progression of the multiple plotlines
that can be active at once, defining the contents of the plotline is the next step. The Plotline
class consists of States [refers to plotline states] and Actions, both of which will need to be
represented as sub-classes. States and Actions will be structurally similar, with the States
containing a list of Actions that are possible from that state and vice versa. Actions, will
additionally also consist of Pre-Requisites and Effects, both of which will require their own subclasses for their control.
The Pre-Requisite and Effect sub-classes are similar in structure. Both will require a means to
store information about the previously defined variables (role, etc.) along with methods for
which the Action sub-class can access said information when required.
For the plotline class itself, lists of the associated states, actions, pre-requisites, and effects will
be required. It is intended for the Plotline class to control all of the functions of its sub-classes,
therefore methods from which to access the associated data will be a necessity. Another
important factor when relating to the structure of the plotline class and its sub-classes is there
is a need for a primary key to be used as an identifier. With this identifier, identification of the
individual states, actions, pre-requisites, effects and even plotlines becomes a lot easier to
manage. There are numerous other advantages to this approach, including, the avoidance of
duplicate data, the usage as a pointer when controlling storyline progression and accessing
associated pre-requisites and effects. The information about the plotline is stored in an
external file and an example is demonstrated in Appendix A.
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5.2.3.

The Player State

The State of the player provides a means to track the overall progression of the player,
specifically in this case, their progress in each of the running storylines and the nature of each
of the active variables. Additional details can also be stored for active use within plotlines or
for other gameplay functions. The most prominent example of this is the name of the character
which can then be used in the plotlines when called for. Other possible examples of this
functionality could include gender, age, preferences, and even appearance.
Tracking the player progression throughout the plotlines is a crucial element of the Player class.
The simplest means to accomplish this is provide the current plotline state to the player class.
This will need to be tracked for every plotline that the player is currently active in.

Fig. 6. The class structure used by the Implementation
The Plotline consists of the sub-states, State, Action, Prerequisite and Effect, and incorporates information
about the game world such as role, location and inventory. The Player class incorporates the information
stored about each active plotline, and as such represents the entire storyline state.

There are numerous ways that variables can be set up that will generally depend upon their
usage. As such, some variables may be unique to specific plotlines (such as role), which is
easiest tracked by keeping by using the same list position as its respective plotline. Other
variables will be more general and relevant to all active plotlines. The player location is the best
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example of this, because a player can only be in one location in the game world at any one
time. To counteract this, the player inventory is also relevant to all plotlines, but the player can
also have multiple (or no) items in their inventory. In addition, players could also have multiple
of the same inventory items, so tracking inventory quantity is also required.
All of this provides the base functionality for the implementation, incorporating all of the
essential features outlined in the Representation section. Fig. 6 is a simplification of the class
structure that has been outlined.
5.2.4.

Algorithm

Creating an algorithm for the Main functionality of the application is now possible now that all
surrounding pieces are set up and ready to go.

1. Read location map from text file and store to locales
2. Read inventory settings from text file and store to inventory

3. Input player information
4. Read list of plotlines from text file
5. For every plotline
6.

Read (states, actions, prereqs, effects) and pass into subsequent plotline

7. End for
8. Run gameLoop [Fig. NO]
9. Output data (measurements & statistics, gameplay information, etc.)
10. End
Fig. 7. The Main Algorithm
The purpose of the main algorithm is to allow the story application to begin. It reads the information about
the game world and each of the plotlines, before moving control over to the gameLoop demonstrated in Fig.
8. At the conclusion, information about the game will be output to readable files before closing the
implementation.

The Algorithm presented in Fig. 7 details the functionality of the implementation as it begins
(and loads the necessary information from external sources) till it ends. The gameLoop is a
separate method that controls the interactive game element of the application and consists if
a number of sub-algorithms. The gameLoop will be demonstrated in Figs. 8 to 10.
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1. While end = false
2.

Add “change location” to player choices

3.

Run plotlineInformation [Fig. NO]

4.

If Player has inventory

5.

Output Inventory and inventory quantity

6.

End If

7.

Output Player location

8.

Output player choices

9.

Input -> choice of player

10.

If choice of player = change location

11.

Output list of possible locations to move to

12.

Input -> choice of player

13.

Player location = choice of player

14.

End If

15.

If choice = plotline action

16.
17.

Run continuePlotline [Fig. NO]
End If

18. End While
19. End

Fig. 8. The Game Loop Algorithm
Controls the loop of the game. It takes information about the player state (further demonstrated in Fig. 9) to
determine what actions are available to the player and allows them to make a choice as to which action they
want to perform. If an action advances a plotline then the game choice will occur to move them to the next
state in the plotline (as seen in Fig. 10)

This algorithm was able to produce a running game that was producing the projected output.
While it was a huge milestone to get the implementation working at a high level, the application
was only producing a result to the immediate user, and whilst that result was in a form that
was measurable but no specific means to measure it had been put in place. These measureable
statistics had previously been identified in section 4.1, and a computerized means to calculate
them only required some counting mechanisms be placed into the system. This is easily
implemented into Player state class.

26

1. For number of plotlines the player is active in
2.

For total number of plotlines

3.

If Plots (current plot of total) = gamePlayer.PlotlineID (current plot of
active plotlines)

4.

plotline state = getState

5.
6.

End If
End For

7. Output plotline state description and player plotline role
8.

For number of action possible from plotline state

9.

If prerequisite is met

10.

Add action to player choices

11.
12.

End If
End for

13. End For
14. End
Fig. 9. The Plotline Information Algorithm
This algorithm is run for every active plotline. Using the player state, the plotline state is gathered for each
plotline. The actions possible from these states are also gathered and if the player meets the prerequisites for
performing that action, it is added to the list of actions possible.
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1. For total number of plotlines
2.

If Plots (current plot of total) contain an action ID match

3.

Get action data

4.

End If

5. End for
6. Output action description
7. If action game choice > 1
8.

Choose random number and compare with distribution (less than)

9.

Destination = distribution

10. Else
11.

Destination = first (only) choice

12. End If
13. If effects > 0
14.

Apply effects

15. End If
16. Plotline state = destination
17. End
Fig. 10. The Continue Plotline Algorithm
After an action is selected, it is then compared with the plotlines to determine which plotline will move
forward. If there is more than one game choice, a virtual dice is thrown which is compared with the
distribution values of the child states (if the random number is less than the distribution). For the child state
chosen, if there is an effect associated with it, then the effect will be applied.

5.2.5.

Producing a Graph

Analysis of the game application had been achieved, however, being able to produce a
graphical output of the plotlines and storylines (using the previously established Tree/STRIPS
hybrid) possible would be incredibly handy not just to get a visual representation of how the
plotline interacts (and allow for troubleshooting in other implementations) but to analyse the
various probabilities required throughout progression and to see how to apply Specific
Trajectory Distribution (Roberts et al. 2007) (Bhat et al. 2007) to the alternative version of
graphs used, of which, is relevant to the goals of the project, and if successful, could suggest a
means to improve the prior system. To determine the best approach for the application of
TTDMDP, two extra type of graphs were produced using the same information alongside the
standard Plotline graph. Both of these graph the plotlines in trajectory form, with the first type
(hereafter referred to as Trajectory Graph) providing every single trajectory so that actions will
only have one state linked to it, and states will only have one action linked to it. The second
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type (hereafter referred to as a State Trajectory Graph) is an alternative version of this, in that
states can have multiple actions linked to it whilst actions can still only have one state linking
to it.
These graphs are produced by outputting analysed data to a text file which is then loaded into
the program ‘GraphViz’ (Graphviz 1988) The output is formatted as demonstrated in Fig. 11
and the graphs that are produced are demonstrated in Appendix B.
digraph example{
S0 [label="State" shape="oval"]; A0 [label="Action" shape="box"]; S0 -> A0
[label="prereq"];}
Fig. 11. The Language output for GraphViz
Each state is identified by an ‘S’ with an increment variable and likewise with an ‘A’ for actions. Progression is
identified using ‘->’ and the label is given the id for the prerequisite or effect.

Using the various aforementioned outputs, the implementation provides a significant number
of means to analyse the example data produced. In addition, this will allow for answers to the
problem statements identified earlier, with the bonus of having a fun game to go along with it.
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5.3.

Implementation Cycle

With all this information gathered, the application can now run through a simulation. These
simulations can be controlled by the user, or controlled via a stochastic path, which can
produce a large number of cycles at a much faster pace. One of these cycles will now be
demonstrated.

Fig. 12. Implementation Introduction
When starting the iteration, the game player is asked for the name of their character, and the location they
want to start in. For this example, the name will be John and he will start in Lodger City.

Fig. 12 demonstrates the introductory sequence of the application in which the player is asked
for their character’s name and the location that they would like to start in. Not visible to the
user is the external data files being loaded into memory. Upon entering this information, the
user is presented with the all relevant player state information, including a description of the
current position in each plotline, along with their respective roles (initially starting out as a
player, before morphing to hero or villain), in addition to the inventory currently held by the
player and their current location inside the game world. This is described by the first outlined
section in Fig. 13. The second outline provides the user details on their choice of actions related
to each of the plotline, along with an option to move to a different location. An example of PreRequisites can also be observed here, as the fourth storyline requires the player to have a
treasure in their inventory in order to perform the action associated with it.
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Fig. 13. The first choice of an Action
The player is given information about each of the plotlines they are currently involved in along with other
information about the player state. Looking at the list of actions, the player has a list of four choices.

For this example, the choice is made to go look for more information on the treasure. In Fig. 14
the description for the first active storyline has changed to identify that the character is looking
someone who knows more information about the treasure. But as Lodger City (the current
location) does not have this information, the pre-requirement has locked out the character
from continuing in that plotline. However, they can still continue on the other two active
plotlines.

Fig. 14. Progressing in a Plotline
As the player choose an action associated with the first plotline, the information given about the first state
has altered accordingly. Also notable is that now there is only three choices indicating that a prerequisite is
stopping progression in this plotline.
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Fig. 15. Moving Location and meeting Prerequisites
As the player cannot continue that plotline, they decide to move location and choose to move to the shops.
Upon moving they are greeted with an additional two actions, both associated with the first plotline. This
indicates that they are now meeting the prerequisites.

Moving to the shops location fulfils the pre-requirement, and the player is able to buy or steal
the information they need as demonstrated in Fig. 15. If the player decides to steal the
information, they will become a villain in the plotline, but will not lose any credits paying for
the information. On the other hand, they can buy the information and be designated the hero
of the plotline. In Fig. 16, the example character has decided to steal the information (a treasure
map that gets added to the player inventory) and thus their role in just that plotline becomes
that of a villain.
At the conclusion of the application (defined as a pre-determined number of cycles,
demonstrated in the example is two cycles), the application will output the experimental data,
described earlier during Design, to a local data file. This data will detail numerous statistics
about the previous use of the application, including the number of repetitions of each plotline,
the actual counts that each state and action as it is utilised, along with the length (number of
cycles) each repetition of the plotline takes. Each of these outputs contains useful data for
analysis.
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Fig. 16. Changing role and Gaining Inventory
The game player decides to steal the treasure map, this results in his role becoming that of a villain, whilst
simultaneously gaining the treasure map which is added to his inventory.
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6. Methods
This section details the methods and Test information that will be used as part of the
experiments to test the identified problems. The process used will be described in detail along
with how the recorded results will be used for analysis.

6.1.

Test Data

With the application working as expected, the next step is to create some test data for which
to test and analyse the hypothesis. The primary test data required involves a set of plotlines,
of which were described as part of the design. Using the data structure described for the
external plotline file, the five plotlines were created, in Standard English so as to demonstrate
an identifiable progression and storytelling, and with variance in the topics of the plot. These
topics include a Treasure Hunt, an evolving Friendship, Bounty Hunters, and a standard day in
the life, in addition to a small plot involving a standard task with a pre-requirement to perform.
Information about the Game World and interactive inventory items is also required. Using the
early board game experiment as inspiration, the game world used for experiments was
identifiable as a four by four grid, with players only being to move one space to another via a
move location command. This results in 16 locations, each involving common areas found in
the real world, including cities, towns, industrial and natural bases. Extra data needed relates
to the inventory, which only requires information about items explicitly used within the active
plotlines.

6.2.

Process

As previously noted, the environment on which the test data is run supports multiple plotlines
simultaneously, all the while, being based on a plotline structure that unique to this
implementation. Keeping both aspects in mind, there is merit in creating experiments to
analyse both the individual plotlines on their own, and the collaboration of the multiple
plotlines.
6.2.1.

Plotline Experimental Design

An important part to the structure of the Plotlines in this implementation is the easy calculation
of plotline trajectory distribution. In most computer games, trajectory on a plotline is typically
altered based on player choice, of which the developer has, at best, minimal control over (an
example of this control can be based on appealing to the game player’s emotions, or providing
a choice with a clear advantage over the others). The game choice in this system is an effort to
counteract and give the developer the ability to distribute the trajectory as they seem fit.
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6.2.1.1. Utilising Targeted Trajectory Distribution
This distribution can be calculated locally to the specific choice that is to be made, of which can
be considered the “simple” method, as it involves just assigning the intended variables to the
correct trajectory. However, a much more useful function would be to assign a probability to a
“goal” state that may be several choices away. In this scenario, multiple game choice values
will need to be calculated in order to ensure that the “goal” state will be entered at the
intended probability. In order to calculate this, the function previously defined in Section 4.3.2
will be used.
Due to the differences in this unique implementation to previous applications of Targeted
Trajectory Distribution, a new representation will need created before anything can be
accurately calculated. The standard plotline graph previously used is not suitable as it does not
follow the typical standards of a Trajectory, or in other words, plot branches can recombine
which cannot be featured on a Trajectory graph.
As noted earlier, there were two types of Trajectory graphs under consideration, a full
trajectory graph considering both States and Action as having unique inputs and a State
Trajectory graph in which the state output will input to a unique action. Under the full
approach, 58 unique states were generated for this plotline whereas, under the state approach,
only 32 states were generated. This difference is to be expected due to strictness of the
uniqueness being lesser upon the state approach. These states can be identified for reference
but to continue only the state probabilities are required, starting from the goal nodes and
working up. In addition, when states from a plotline graph are split up, so should there
probabilities. (If there probabilities vary, then the state must be identified as separate at the
core.
Either, branches to each individual state and action are required to be unique (i.e. only one
input) or branches only need to be unique when going from state to action. Both types of
graphs will be experimented with in order to analyse which technique will produce the most
accurate graphs.
6.2.1.2. Rules and Considerations
Extra rules and considerations upon this implementation will need to be enforced in order to
be able to calculate the game choice unknowns, although it is intended that some of these will
be temporary in order to fast track results and demonstrate the equation’s authenticity. These
include;
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Assume that Player Choice is even (this will be calculated stochastically when testing
via the game implementation) and the probability sum of each choice from a state will
be 1. [Temporary]



The Probability of all goal states will be 1.



With identical local occurrences, the unknown game choice variables can be identified
as the same. This does not apply with identical states.



If the goal state probability is determined via the plotline graph, it should be split evenly
across all separate occurrences on the trajectory graph. i.e. divide by the number of
occurrences. [Temporary]



All State Probabilities can be calculated by the sum of all direct child states (the
trajectory layout supports this as all children nodes require that the state is the parent.



Goal state probabilities must achievable.



Following all these rules, the probability sum of all game choices from actions when
calculated will equal 1.

6.2.1.3. Calculation
Once all required information is gathered, the matrices required for calculation can be
generated. The matrix, P(a|s), will be the size of the number of unknown game choice variables,
by, the number of calculations needed (or the number of connections between states present).
Starting from the first state in reverse topological order, the figures that go into the row of the
matrix are the player choice variables that can result in the current state. These should go in
the column that coincides with the unknown variable’s position, with everything else as zero.
The Probability of the state should then be placed in the second matrix, P(s), of which the size
is one by, the number of calculations required (see above description).
An example of this process is as follows;
The first state in reverse topological order is s27, which has the probability of 8/200. There are
three actions that can lead to this state which come from game choices (identified by qn in this
scenario), q1, q2 and q5. Through this there are three player choices which are all 1/3. Therefore
1/3 should be placed in columns 1, 2, and 5 in the first matrix row with everything else zero,
and 8/200 will be in the first row of the second matrix.
This should be continued until both matrices are complete. Using the calculation P(a|s) / P(s)
will produce a new matrix of one by the number of unknown variables. Assigning them in the
order that they were placed in columns will produce their variables.
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6.2.1.4. Verification and Analysis
For this experiment, to test the authenticity of the calculated variables, they will be applied to
their corresponding equivalents in the plotline. The application will then be automatically cycle
(with just the corresponding plotline active to reduce time consumption, however the same
results can be produced with any amount of plotlines active) through the plotline a
predetermined number of times ranging from 200 to 5000, tracking the number of times each
goal state is the result and thus the actual probability. These figures will then be compared with
the intended probability for analysis.
6.2.2.

Storyline Experimental Design

When looking at multiple plotlines simultaneously, the analysis focuses towards the elements
of story and the effect that they have upon factors such as story length and frequencies. The
important factor here is the need to have place an emphasis on the different elements on each
of the different plotlines. The specific focuses were highlighted prior as per the design of the
plotlines.
6.2.2.1. Measures
There have been numerous measures placed into the system in order to gain a greater
understanding of the interactive elements within a shorter time frame. This includes a
measurement primarily used for Single Plotline Analysis in plotline state counts, which are used
for comparison with targeted probabilities. Action counts are also tracked in a similar manner
to the plotline state counts. Both these figures are still relevant in when discussing multiple
plotlines despite their bias towards individually as they will still provide some perspective on
how the many elements can have an effect upon their counts, of particular note of when there
are multiple choices with multiple story elements affecting each choice.
The next type of measurement provides details on the total number of times each plotline is
completed. With only five plotlines being used in the analysis, there is bound to be some form
of repetition, especially over a larger number of cycles. But each plotline will differ greatly in
the amount of times they are repeated, due to the different types of story elements
emphasised. For example, there are sixteen different locations and two (or three counting what
is effectively unassigned) different roles. Therefore, it would be anticipated that PreRequirements related to location would be more restrictive than role, therefore reducing the
potential that a plotline could continue.
This follows into another measure in the system that tracks the number of cycles that each runthrough of a story takes to complete. A plot can be delayed by non-fulfilment of pre-requisites
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or on the opposite end having a larger amount of choice in which to continue plotlines. The
plotline counts are intended to continue their counting irrespective of the choice that the user
makes ultimately meaning a larger choice could mean a larger delay. As part of the Storyline
experiments, the interactive implementation will make 10000 cycles before terminating and
outputting the desired measures. This will be repeated five times.
6.2.2.2. Storyline Trajectory
The Trajectory system detailed previously for plotlines is reusable to represent the entire
storyline with small modifications. As such, this is achieved by replacing the plotline state with
the entire Player State, which includes every aspect previously mentioned such as current
plotline positioning and role, inventory and location. With this expanded state, the graph will
also need to include every action possible from that state with respect to all active plotlines.
The Increased visibility of the expanded graph provides an in-depth glance at interactions that
are possible within the game world however, some problems have a high probability to arise
using this approach. The first and most evident is that the player state is essentially
unconstrained, and as such there is an infinite number of possibilities. There are several
solutions to solve this problem. One approach would be to remove the inventory from
consideration as it is the only infinite variable and its removal would allow for a finite (although
still very large) number of states. The downside to this is that the inventory information is still
very relevant to the gameplay due its use in Pre-Requisites and Effects. The alternative
approach is to define a limit to the number of states that can be defined for the graph.
However, this could cause state information to disappear towards the end of the graph. The
latter approach will used for experimentation, as it will provide an adequate representation for
a lower cost.

6.3.

Conclusion
The experiments detailed above will provide an in-depth analysis of the story system with a
focus on both Storyline and Plotlines and the Elements that they are comprised of. The
outcome of Plotline Trajectory system has the potential to provide developers with an accurate
means to alter and balance their branching stories. The analysis of the effects of story elements
will also aid in furthering this balance.
The experiments upon the implementation are designed to create a large amount of data to
analyse and verify the expectations of both the Targeted Trajectory Distribution Equation and
the effect that story elements have upon the entire story and the plotlines that make it up. The
simplicity of the output allows for simple analysis.
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7. Plotline Results
Presented in this section is the results of the Plotline Analysis. The Process used will also be
detailed for the first solution in order to fully demonstrate the equation used. Results for all
other tests will also be presented along with discussion of the results attained.

7.1.

Statistics and Figures

The results presented in regards to the Plotline Analysis are divided into two sections, one
focusing on the result determined from using the solution equation presented in section 4.3.2.
The second section details the accuracy of the results gathered in the prior section by applying
them to them to the interactive implementation and using comparative techniques between
the expected goal state probabilities and the actual probabilities gathered.
7.1.1.

Targeted Distribution Equation

The Equation P(s’|a) = P(a|s) / P(s) is utilised for each of the five plotlines. Due to the variation
in the story elements being used, plotlines can exist where every action has only one player
choice. It is expected in these circumstances that all unknown variables will result to one and
the equation cannot be used to accurately achieve goal states probabilities other than what is
calculated from player choice.
7.1.1.1. Implementation on a Plotline
The first plotline to be demonstrated using the equation was previously designated plotline 2.
The reasoning for this decision was due to this plotline having the best balance of the elements
that are factored into the equation (i.e. it therefore has a fair amount of player and game
choice).
In addition, the player choice probabilities (still considered even among choices) and unknown
variables must be identified. The approach taken when identifying the unknowns is to a reverse
topological method, that is, to begin at the lowest section of the tree and go up. Identical
unknowns should also be identified here. The demonstration plotline identified 18 unknown
variables that are due to be calculated using the equation.
For this plotline, there are four possible goal states on the plot line graph (some of which are
split on the Trajectory Graphs) with demonstrated probabilities of 0.4, 0.225, 0.2, and 0.175.
Calculating the rest of the state probabilities using these values, the function to be solved will
look like Fig. 17;
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Fig. 17. The Equation in Action
This demonstrates the use of the equation on the initial analysis of Plotline 2 using the State Trajectory Graph form. Matrix
P(a|s) has the same amount of rows as P(s) and the columns match the number of rows in P(s’|a).

The result to the demonstrated equation in Fig.17 is noted on Fig. 18.
Comparing these values against the respective unknown variables in the trajectory graph shows
that the results satisfy the expected constraints. When collecting the sum of all outputs of an
action, the answer is 1. Furthermore, it is noticeable that the difference between choices
probabilities are aligned with the respective state probability, or in other words, the state with
the higher goal probability produces the higher game choice probability, and vice versa with
the lower probabilities. As such, this makes the results of the Targeted Trajectory Distribution
on this plotline consistent with expectations. In addition, as both forms of the Trajectory graph
were able to produce the same results, the lower cost method of the State Trajectory graph
will be followed initially.
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Unknown

Value

q1

0.53333

q2

0.53333

q3

0.46667

q4

0.46667

q5

0.53333

q6

0.46667

q7

1

q8

1

q9

1

q10

0.33333

q11

0.33333

q12

0.33333

q13

1

q14

0.9

q15

0.1

q16

0.2

q17

0.8

q18

1

Fig. 18. The result to the Equation
This is the answer that comes from the equation demonstrated in Fig. 17, and are the figures used in
comparisons in section 7.1.2.

7.1.1.2. Expanding onto Plotline 3
With a successful iteration of the method under wraps, the same approach is then used upon
the other plotlines. Plotline 1 does not use any game choice therefore it is expected that the
result for each of the unknowns will all answer to one. This expectation is correct for this
Plotline. Plotline 3 however, is where problems starting arising in regards to achieving results
that matched the expectations. Whilst the trouble area was constrained to a local section of
the graph, it should be noted that everything else was calculated as per expectations. The
Problem point is outlined in Fig. 19.
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Fig. 19. The problem section of Plotline 3
This specific part of the Plotline 3 trajectory tree produces incorrect results when following the rules
established. Specifically, the problem is that the probabilities do not sum to 1 from each action.

Using the standard procedure used throughout prior to this wherein the output of the action
will sum to 1, this scenario’s total come to 2. Some theories behind this occurrence had to do
with the differing number of action outputs from the two actions present in the scenario, all of
which go to different state. In addition, another reasoning could be that the goal states (one of
which is present here) are balanced to present an “impossible probability”, and another
consideration may have to do with the number of player choice, of which there are 2 which is
what the total is coming to.
Several solutions to this problem are considered. The first is to alter the goal probabilities to
remove the possibility of unrealistic assignment of goal state probabilities, but after
recalculation, the same outcome was occurring. The next approach was to alter what was
considered local in regards to the actions, or otherwise considering the actions in a separate
space, but the results produced from this result but again the end result was unchanged so the
prior locality was reverted to. Another consideration was to attempt it using the full Trajectory
graph structure, however, the section highlighted would not differ in any way from due to its
occurrence before any difference would occur. Finally, it was decided that result would be
tested two ways, using the altered locality results divided by two (in the unlikely case that it
was player choice causing the effect, as it hadn’t had the effect anywhere else thus far) along
with taking the original locality results that were totalling to two and using the variable
coinciding with the action leading to the goal state, with the other choice from this action taking
the prior variable from 1. The remaining game choice would be given 1 as that is its intended
value. Both results would be tested as part of the implementation.
7.1.1.3. Other Plotline Situations
Plotline 4 and 5 were designed with tested other story elements in mind, but had Targeted
Distribution applied to them for extra analysis. Plotline 4 which has two states, one action and
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one game choice totalling to one produced the expected result, however Plotline 5 which has
sixteen player choices with one game choice coming from them did not calculate the intended
result. All game choices should have come out as 1, but instead were calculated as sixteen. A
full trajectory graph however, provides a solution to this, as the one goal state would be split
into sixteen, which would also alter the equation so that it would produce the correct result.
Overall, there were some mixed results from the application of the Targeted Trajectory
Distribution function. The majority of the results were positive towards expectations but some
nagging errors on Plotline 3 have caused some worry. A notable discovery in regards to the use
of the two types of Trajectory Trees possible through the approach used to create plotlines is
that a full Trajectory Graph incorporating Unique inputs for both states and actions was more
reliable to produce accurate results, however using the much smaller State Trajectory graph
can still provide the same results in some circumstances. Still, with the equation running as
successfully as it is, it will be a matter of determining the exact cause of these flaws once the
accuracy of the calculated values is verified in the next step.
7.1.2.

Implementation Comparison

Moving over to the story structure implementation, the figures generated via the Targeted
Trajectory Distribution Equation can be entered into their respective variables in each of the
plotlines. Plotline 2 and Plotline 3 have the story structures most suited towards a comparative
analysis of the expected goal state probabilities against the actual results generated.
7.1.2.1. Plotline 2
Plotline 2 is analysed first. It has four goal states defined by the plotline graph, which are
identified as ‘splitfriend’, ‘lateserperatefriend’, ‘losefriend’, and ‘winfriend’. The probabilities
of these are the aforementioned 0.4, 0.225, 0.2, and 0.175 respectively. The comparative tests
involved running the implementation with only Plotline 2 active. The implementation would
continue until the Plotline has been completed 200 times, tracking the goal state that was
entered through each cycle of the plotline. At the end of each completion, the tracked goal
state counts would be recorded. This method of recording data would be done 19 times. For
extra analysis, extra data was recorded afterwards that involve the Plotline requiring a
completion rate of 500, 1000, 2000, and 5000 which demonstrated a more stable and accurate
probability as more iterations were introduced. The hypothesis with these extra data
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recordings is that accuracy will improve as more iterations throughout the plotline are
completed. Fig. 20 outlines the results recorded from these experiments.

Plotline 2 Test 1
0.6

Probability (0 to 1)

0.5
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Iteration
splitfriend

lateseperatefriend

losefriend

winfriend

Fig. 20. Plotline 2 Results
This graph details the results produced when placing the figures calculated in section 7.1.1.1. The intended
values are 0.4, 0.225, 0.2 and 0.175 respectively.

As can be seen in Fig. 20, some variation exists in regards to the actual probabilities that are
the result. This variation is to be expected and can be argued that it is fact desirable due to the
interactive element of the implementation. Player choice, as defined before, is for the most
part uncontrollable, and this element is going to provide a large effect on the variation present.
There is also dependence on the stochastic number generator that lends itself to the game
choice which will also have an effect on the variance present.
With all these factors in mind, the range between numbers is considered acceptable, in
particular when looking at higher completion rate variables. These values demonstrate that
over a longer period of time, the probabilities of the goal states become a lot more stable, as
the overall accuracy increases, whilst still maintaining the desired flexibility in variation. As
such, these results are considered accurate and successful.
The Following table in Fig. 21 presents the Mean, Median, and Standard Deviation of the results
gathered (with only the results from the 200 completion cycles considered). As can be seen,
these do not exactly match the expected outcome, however, with the range of variation that
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has been identified, this is irrelevant provided they can be considered to be within an
acceptable range, of which these figures do fit within.
Goal State

Mean

Median

Standard Deviation

‘splitfriend’

0.42026

0.42

0.02988

‘lateseperatefriend’

0.22211

0.215

0.03220

‘losefriend’

0.19684

0.195

0.01994

‘winfriend’

0.16079

0.16

0.01618

Fig. 21. Overall statistics of the initial Plotline 2 test.
Details the mean, median and standard deviation of the figures presented in Fig. 20.

Unknown

Value

q1

0.45455

q2

0.45455

q3

0.54545

q4

0.54545

q5

0.45455

q6

0.54545

q7

1

q8

0.95238

q9

1.04762

q10

0.33333

q11

0.33333

q12

0.33333

q13

1

q14

1.26000

q15

0.22000

q16

0.22000

q17

0.30000

q18

1

Fig. 22. The result to using Alternative Figures in Plotline 2
Using alternative target probabilities described in the next paragraph, these were the results produced by the
equation. Note, q8-q9 and q14-q17 are producing sums to 2 rather than 1.
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To gain a full analysis of the accuracy of the equation on Plotline 2, alternative target
probabilities were assigned to the same goal states. These probabilities were 0.15, 0.3, 0.25
and 0.3, which are outlined in the same order as before. These new target probabilities
however raised issues as seen in Fig. 22. These are due to how player choice is implemented,
as the first player choice includes goal states that sum to 0.74 for one choice and 0.26 for the
other. This leaves an uneven split and causes error in the form of total probabilities not
equalling one, as the equation assumes player choice is even. As this has been identified as a
problem with the player choice probabilities, they were then modified to match the two
above choice probabilities. This was done as the implementation does not support probability
sums above 1. This solved the issue in regards to calculation, but as can be seen in Fig. 23, the
results from the simulation were provide as much accuracy, with the ‘latespereatefriend’
state recording a substantially lower probability than intended. The causes the other states to
vary to a higher degree than previous, however they still maintain accuracy to their intended
values.

Plotline 2 Test 2
0.4
0.35

Probability (0 to 1)

0.3
0.25
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0.05

0
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4

5

6

7

8

9

10

Iteration
splitfriend

lateseperatefriend

losefriend

winfriend

Fig. 23. Plotline 2 Results using Alternative Figures
This details the results gathered using a different set of target probabilities. For this experiment, 0.15, 0.3,
0.25, and 0.3 were used respectively. The results did not come out as reliable as the first test due to the
altered Player Choice probabilities.
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7.1.2.2. Plotline 3
With Plotline 3, there was the situation where the equation was not calculating the correct
values in one isolated section of the plotline that was seen in Fig. 19 and discussed in section
7.1.1.2. As noted, two sets of variables are going to be used, the original results that are being
produced by the equation, and the results altered to fit inside the rule set defined at an earlier
stage. The first set of results will relate to the latter. The three goal states are
“earlyendbounty”, “winbounty”, and “losebounty” and their target probabilities are 0.333,
0.416 and 0.25 respectively.
As can be seen in Fig. 24, the actual probabilities do not match the target probabilities
assigned. In fact, in all but one circumstance, the “losebounty” state is more likely to be the
goal than the “earlyendbounty” state when it should be the other way around. It should be
noted though, that the “winbounty” and “losebounty” states maintain approximately the same
ratio as intended. As such, “winbounty” should occur 1.67 times more than “losebounty” and
on average in these results, it occurs 1.72 times more. Accounting for the error and variation,
this figure is accurate, and highlights that outside of the problem area in the trajectory graph,
the equation is still working as intended. After ten iterations, it was decided that the approach
used was effectively incorrect and thus the other approach was tried.

Plotline 3 Test 1
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Fig. 24. The results of the First Approach used in Plotline 3
The variables used here were downsized from the original calculated values in the problem section to limited
results.
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The results detailed in Fig. 26 demonstrate that this approach was achieving the desired results.
The same approach was used in that the plotline would cycle through 360 times (made to fit
into the new set of probabilities) with 19 iterations of the interactive application. This was
followed up with cycles of 900, 1800, 3600 and 9000. While the figures are erratic whilst there
is a shorter cycle, it can also be seen to stabilise as the number of cycles increases, similar to
Plotline 2. This follows a similar pattern identified with the previous plotline.
Goal State

Mean

Median

Standard Deviation

‘earlyendbounty’

0.31798

0.31944

0.02721

‘winbounty’

0.41901

0.41111

0.03106

‘losebounty’

0.25980

0.26667

0.02445

Fig. 25. Overall statistics of the second approach used for Plotline 3
Details the mean, median, and standard deviation of the results presented in Fig. 26.

Analysing the values in Fig. 25, the mean results are close to the targeted values however, the
difference range is significantly higher than the means accounted for in Plotline 2. Whilst this
could suggest minor inaccuracy, the data for longer duration suggests that this will be solved
for over time.
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Fig. 26. The results of the Second Approach used in Plotline 3
The variables used here involve some of the original calculated values from the problem section combined
with some assumed values. This approach produced more successful results.

48

19

7.2.

Contributions

The results gathered as per the plotline analysis and examination demonstrated usefulness, if
albeit, some restrictions still apply. Creating a brand new type of Markov Decision Process for
Story-based usage and is capable of simple modification into a trajectory system capable of
following Targeted State Probabilities is the key contribution of this study. The equation used
to generate target probabilities within the predefined system demonstrated acceptable
accuracy within four of the five plotlines.
The aforementioned problem still exists though, and although a workaround can be applied to
the specific scenario that was presented this option is less than preferable. Despite numerous
attempts at trying to create a solution to this incidental problem, no fix could be found as of
writing. Despite this, the accuracy displayed by the other scenarios, which is suited towards
interactivity, demonstrated that for most scenarios, this application of Targeted Trajectory
Distribution is suitable.
Moving into the future, the most obvious continuation is to find the solution to the problem
scenario, and following this, expand the scope of the plotlines, to see how the Distribution
handles in a much larger space. To tie into this problem is the application of the Player choice.
Further accounting for the variables that could affect player choice are key to further enhancing
the solution and the current limitations that it currently has. To further the interactive
component of the study, moving the simulation game from text based to a rendered game
world along with multiple players would also be necessary to test the feasibility in recent
technologies.
Overall, the Implementation provided a means to progress throughout a story catering for story
elements. This was supplemented with a Targeted Trajectory System that can provide
interactive story writers control over the balance or outcome of their stories whilst still giving
the player the sense of freedom and interactivity that is required of a computer game.
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8. Storyline Results
When analysing the effects of story elements had on each of the plotlines, in particular whilst
many plotlines were active inside the environments (thus a storyline), there were some
expectations or hypothesis regarding the answers that would be generated. However, rather
than focusing on something that was correct or incorrect, the analysis of the game storyline
and its involving plots focuses more on having the results speak for themselves in regards to
their effects, rather unlike the results that were generated as part of the Plotline study. Each
type of Story Element analysed will be detailed in sub-sequent sub-sections along with
discussion of the results attained.

8.1.

Repetition

The first form of measurement looked at was the number of times each plotline was repeated
before the application terminates. This number is incremented each time the plotline begins,
so in order to get the actual count of the times the plotline completes, just subtract one from
the figures below. Predictions for this type of result include;


Plotline 1 has a Location Pre-Requisite in order to continue with the plotline, of which
there are sixteen possible locations that the player to be located in. This is comparison
with other some plotlines with Role and Inventory Pre-Requisites, of which the
role/inventory may be assigned as per normal plotline progression or have alternative
means of continuing with the plotline. Therefore, this plotline should be repeated 1/16
less than a plot with no location pre-requisites. However, this will differ due to the
plotline having a slightly shorter length than Plotline 3 (which has no location prerequisites).



Plotline 2 also has a Location Pre-Requisite, however it can only applies on one
trajectory, so the plot can be completed with the pre-requisite being met.



Plotline 3 Pre-Requisites are either optional, or are obtained naturally by progression
thus causing them to become a non-issue.



Plotline 4 has an Inventory Pre-Requisite, of which the inventory pre-requisite can only
be obtained in plotline 1, and is obtained through a player choice that is considered a
1/3 chance. Therefore, it is expected to repeat 1/3 the amount of times as Plotline 1.



Plotline 5 has no pre-requisites, however it always has sixteen player choice available,
thereby skewing the stochastic player choices in its favour and making it more likely to
complete faster.
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The results come out as follows;
Iteration

1

2

3

4

5

Average

Median

Std. Dev.

Plotline 1

44

35

49

42

41

42

42

4.74342

Plotline 2

219

225

239

199

227

221.8

225

14.6697

Plotline 3

410

410

401

396

412

405.8

410

6.94262

Plotline 4

10

9

12

10

10

10.2

10

1.09545

Plotline 5

1341

1331

1304

1365

1309

1330

1331

24.81935

Fig. 27. Repetition of Plotlines over 10000 iterations of the game loop
Provides figures detailing the repetition of the five Plotlines.

8.1.1.

Discussion

Looking at the results that were generated, some similarities can identified with what was
expected. Successfully predicted was the order in which plotlines would repeat, however the
approximations as to how much the difference between them have disparities. The likely cause
of this is the actual effect of some story elements such as length, and amount of player choice
available was underestimated. Overall, there is a general understanding of how each story
element will effect plotline repetition, however a more in-depth research will need to be
conducted for improvement.

8.2.

Action Counts

One of the key measurements used throughout this research tracks the number of times each
plotline state and action is passed through before the termination on the interactive
application. The state counts have a separate purpose in that they were used when looking at
the individual plotlines and the Targeted Trajectory System, as in the Story structure they serve
as the result of an action, and are thus, are the major focal point in that investigation, in
particular the goal states of course. When focusing on story elements it serves a better focus
to look at the count of the actions, as these story elements have a greater impact on player
choice rather than game choice.
In particular, the action choices that will be analysed are those where there are multiple choices
for the game player. Plotlines that include various types of player choice include;


Plotline 1: Two separate instances of multiple player choice. In the first set, both have
the same location pre-requisite, however one of the choices has an additional
inventory pre-requisite that requires a small amount of currency. This small amount
will be irrelevant shortly after beginning the game due to the rate at which currency is

51

earned. The other group is a set of three choices, but two have a pre-requisite to be a
hero or villain respectively, therefore only allowing two choices to be available at any
one time.


Plotline 2: Whilst there are up to three player choices (depending on prior player and
game choice as the plotline can end at an earlier point), two of them are standard with
no pre-requisites. For the other player choice, there are three choice, two of which
have inventory pre-requisites. These inventory items can be obtained earlier in the
plotline, but only one (or none) of them can be obtained. However, the player can save
these inventory items thus it is possible for all three choices to appear at once.



Plotline 3: There is a player choice similar to the final scenario in plotline 2 in that
inventory items are needed to choose certain actions. Two of the actions rely on having
obtained these items in plotline 2, however an extra fourth action involves an item
obtained in this plotline.



Plotline 4: This plotline is linear and will not provide any interesting insight regarding
state and action counts.



Plotline 5: A large amount of player choices are available in this plotline. Whilst Player
choice is considered even, it will be interesting to analyse how closely the stochastic
path used to simulate the player choice will result in an even amount of player choice,
in particular with the other plotlines running simultaneously.

After the completion of the five iterations of the interactive application, the following
observations were made;


For the first set of player choice in plotline 1, the action with the additional prerequisite was the choice less often. However, the difference in choice varied from
almost half, to just one. There was no consistency in what this difference would be
when consider repetition of plotlines however due to the low repetition of plotline 1
compared to others, this couldn’t be avoided without a much deeper test.
Iteration

1

2

3

4

5

Standard

28

22

25

21

22

Additional

16

12

24

20

19

Fig. 28. Player Choice in Plotline 1
Looks at the effect of a player choice. The first option has one prerequisite, and the second has two.
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The second set of player choice in plotline 1 resulted in the action that is possible as
either a hero or villain occurring more often than the other two choices. However, it
was not substantially higher than the other two choices, in which either one could turn
out more popular (although the villain option demonstrated more favourable in most
of the analysed instances), but were generally a lot more evenly distributed than the
other choice.
Iteration

1

2

3

4

5

Both

27

14

21

17

22

Hero

9

8

11

9

9

Villain

7

12

16

15

9

Fig. 29. Player Choice relating to Role
Three Player choices are represented here, one option allows both heroes and villains to make that choice
whilst the other two are restricted to one or the other.



For the balanced choices presented in plotline 2, the first option came up on top every
time, but not substantially so. The differences between figures are not high and this
type of variation is expected. A similar scenario happened for similar choices in plotline
3 although, the second choice was favoured in some instances.



The choice in plotline 2 in which two of the three available choices require certain
inventory items demonstrated that choice free of requirement was favoured.
However, the amount that is favoured by was higher than what was expected. IT came
five to seven times the amount of the next choice whilst it was expected to be three to
four times at most.
Iteration

1

2

3

4

5

Non-Req

62

70

58

56

49

Inventory A

6

4

9

3

10

Inventory B

9

10

12

10

6

Fig. 30. Player Choice relating to Inventory
There are three player choices available in this scenario. Two of which require a different type of inventory
item to allow that choice.



Looking at the similar choice in Plotline 3, the same observations can be made. The
choice that involves the inventory item obtained in plotline 2 typically occurred more
often than the choices involving inventory from plotline 2 (about 1.5 to 2 times more
often) however there was one instance where this did not occur albeit not by a
substantial amount that could be considered anything other than an outlier.
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Iteration

1

2

3

4

5

Non-Req

192

192

173

198

191

P3 Inventory

43

46

38

36

50

P2 Inventory A

32

14

27

23

24

P2 Inventory B

23

32

41

254

21

Fig. 31. Player Choice related to Inventory and Plotline Interaction
This Figure looks at the differences in player choice when the prerequisites are obtained in a different
plotline, this is also compared with an inventory item obtained in this plotline.



In regards to Plotline 5, there was the expected variation between the sixteen choices
available, however between the five iterations of the interactive application, there was
no consistent observation made towards any estimations. Between the minimum and
maximum there was typically a difference of 20-35, and the choices that were favoured
were different each time.

8.2.1.

Discussion

When looking at the results of the Action Counts, it is evident that there is still room for
improvement, in particular the magnitude of effect that each story element has upon the
decisions made inside a plotline. The initial estimates and analysis of the effects was able to
distinguish what actions were likely to favoured over others and for what reasons.
To gain a further understanding of player choice of actions, the best approach will be to look
at story elements not directly tied into the action choice at hand. Elements that effect a plot or
story as a whole are something that needs to be considered further along with story elements
that are see their true effect upon player choice at a later point. Both of these will need to be
considered further before accurate estimations can be given.

8.3.

Length of Plotlines

The final measurement applied looks at the number of cycles through the algorithm it takes to
complete a plotline. This is recorded for every completion of the plotline, and thus can be used
to identify the effects of story elements on the overall length of plotlines that can be derived
from such figures as averages, and standard deviation, among others.
As the length of the plotlines ties in with the amount of the times the plotline is completed,
due to the experimental method of terminating given a certain amount of cycles, the same type
of expectations that were apparent as a part of Plotline Repetition are also relevant for this
analysis. The overall results for each of the plotlines are;
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Plotline

Mean

Median

Std. Dev.

1

239.4466

187

169.2409

2

45.22645

31

42.48705

3

24.67194

22

13.45026

4

965

771

865.9131

5

7.52039

6

3.67416

Fig. 32. Overall Statistics related to the Length of the Plotlines over five iterations
This table describes the overall statistics in regards to the amount of game loop cycles it takes to complete
each plotline. This table is summarized from five iterations with the full data included in Appendix C.

8.3.1.

Discussion

The most identifiable (and obvious) deduction from these results is that the more often
plotlines are repeated, the shorter in length they are. But more notably is that the more often
a plotline is repeated, the more stable these figures become. This can be best identified using
the Standard Deviation figure for each plotline which as the amount of plotlines completed
increases, the range between each plotline gets drastically lower.
As far as story elements go in regards to these figures, the length of the plotline and the number
of choices available greatly aids plotline 5 in a lower average length. However, having this lower
length is not necessarily a positive or negative aspect to the plotline. Further elements such as
the purpose of the plotline will have an impact on whether a lower length is relevant or not.
Looking at the other plotlines, pre-requisites are the primary source of impact on the length of
the plotline with Plotlines 1 and 4, which have much stricter pre-requisites requiring a longer
duration to complete.

8.4.

Contributions

As noted earlier, the analysis of story elements focused less on expectations and more on
learning from the results. Having said that, it would be foolish not to have expectations about
what these effects could be, after all prior analysis of the said story elements had occurred, and
with that, there an expectation is easy to generate. However, often they were only generally
correct in that the correct order of results would be that of expectations.
This demonstrated that while there was an understanding of how they story elements would
affect the storyline and its separate plotlines, there was a misunderstanding towards the exact
magnitude that these effects would be. Because of this, it is believed that some story elements
that were in effect were overlooked in some circumstances. The focus during this analysis was
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on the story elements that are directly affecting the analysis, but it is now obvious that there
are other story elements in effect that are much more subtle.
Taking into account the fact the multiple plotlines are running simultaneously, each with their
own story elements that could and could not have an effect upon the other active plotlines, it
is clear that a much more thorough analysis is required to study all the elements that could
have an effect on the plotlines or the storyline as a whole, of which can be considered future
work.
With that said, the analysis conducted here does still have merit, as it was able to accurately
consider the effect that the direct story elements can have, and that they have enough pull in
the outcome that correct ordering can be predicted. This adds to the fact that the entire
process was designed as an attempt to learn ‘What, When and How’ story elements have an
effect upon the outcome of a storyline with multiple running plotlines.
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9. Conclusion
Throughout this project there have been numerous measures that have been looked at in
regards to creating a Formal Story Representation. These have resulted in creating an analysis
of Procedural Story Generation and the different aspects and elements that Storytelling
consists of.

9.1.

Summary

To solve the first problem question, a distinction was made in regards to the elements that an
interactive story element would require and an abstract hierarchy structure was developed to
visualize the one-to-many relationship between the primary elements. This followed into Story
Progression structure which was heavily influenced by the Markov Decision Process ideals and
STRIPS AI Planning method. This incorporated States, Actions, Pre-Requisites and Effects in a
manner similar progression manner to STRIPS, whilst creating a visual graph map in a form
similar to the MDP. This graph was also designed to incorporate Targeted Trajectory
Distribution to provide and enforce a plotline balance.
An Implementation of the designed structure was then developed in order to create an
automated flow of the designed structure. To create a solution to the second problem
question, the implementation incorporated the ability to have more than one plotlines running
simultaneously (going deeper into the theory that a Storyline contains more than one plotline)
along with the inclusion of extra story telling elements such as role, inventory and location in
order to provide a greater analysis of the five designed plotlines, each of which incorporated
varying story elements, of which the experiments were focused upon. The other major
experiment focused on applying a form of Targeted Trajectory Distribution upon each of the
individual plotlines, of which is where initial testing began.
Results of the Target Distribution Tests were primarily successful. The Equation provided
accurate predictions when player choice was considered even, and were demonstrated using
two different types of Trajectory graphs that were possible from the plotline structure
implementation. This relates to the fourth problem question in that there is a correlation
between assigned probabilities of the goal outcome and the choice made to achieve that
outcome. It is identified that different goal probabilities do have a direct effect on the two
different types of choices, notably providing accurate probability splits for game choice and
often the same type of split indirectly through state choice as it works its way up the tree,
answering problem question five. To add on to this, the full trajectory graph demonstrated a
higher level of success however a lower cost trajectory graph also provided the anticipated
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results in most scenarios. In addition, the section that was providing results that broke the rules
set in place was still providing the anticipated results however this was thanks to a workaround.
The experiments on the storyline elements were designed to learn what the effects of the
elements are when providing multiple simultaneous active plotlines. The results came out
approximately according to what was predicted, however the magnitude of effect caused by
the storyline elements was not. This was discussed in much further detail in section 8, and
identifies the relationships between the identified plotline patterns and the effect on story
elements, creating an answer to problem question three.

9.2.

Future Work

While this work relayed a lot of the ground work when looking at this structure of interactive
storytelling and procedural story generation, there is still a lot of room for continuation. The
most immediate of this work is to find a complete solution to the Targeted Trajectory
Distribution in order to gain a completely accurate plotline in all circumstances. Moving
forward with this study, other elements that will be looked at is incorporation of varying player
choices (in particular when considering the effect of story elements, most notably prerequisites and effects) and expanding the scope of the plotlines, which could include elements
such as longer lengths and greater variety in choices.
For the future work of the storyline elements, early goals include the identification of all story
elements in effect at each point in a story, and using this to more accurately predict the
occurrences in the storyline and its individual plotlines. This can be further with the collection
of the research conducted on Targeted Distribution, with the story elements to not only see
how target probabilities can effect story outcome, but allow for expanded considerations when
calculating Game Choice Probabilities using the Targeted Distribution equation.
The other notable piece of Future work is the further incorporation of computer game
elements, primarily the inclusion of a 2D or 3D game world and legitimate multi-player
plotlines. The progression of the plotline in an actual represented game world would require
deeper incorporation of triggers to facilitate control than what is currently used. Having said
this, all the structures designed to facilitate storyline were designed with the goal of expansion
towards the more in-depth game world and multiple players, so expanding the story
application would inherently be rather simple.
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9.3.

Final Word

This project has contributed a number of items to the field of Story Generation and produced
an answer to the problem statement identified. This includes formal story representation with
a new AI-based Story Progression Structure that supports Targeted Distribution for extra
balance when creating stories and to demonstrate outcome control to allow for story element
relationships to be identified. In addition, a system demonstrating multiple simultaneous
running plotlines was provided, along with an analysis of the effect of many story elements on
this new structure was also conducted to gain an understanding of how these are incorporated
within the interactive storytelling system.
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Appendix A – External Plotline File Structure
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Appendix B – Plotline Graphs

Plotline 1

63

Plotline 2

64

Plotline 3

Plotline 4

65

Plotline 5
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Appendix C – Storyline Length Full Results
Plotline 1
Iteration

1

2

3

4

5

Overall

Mean

232

92.1176

201.8958

238.5366

248.675

239.4466

Median

185

207.5

175.5

175

227.5

187

Std. Dev.

147.7867

204.8239

130.3818

195.4398

166.0455

169.2409

Iteration

1

2

3

4

5

Overall

Mean

45.83028

44.54464

42.0084

50.43939

44.14159

45.22645

Median

31

31

29

31

30.5

31

Std. Dev.

46.21223

36.99628

36.61062

51.59953

40.65931

42.48705

Iteration

1

2

3

4

5

Overall

Mean

24.37164

24.43521

24.9825

25.2962

24.30414

24.67194

Median

22

23

22

23

22

22

Std. Dev.

14.04034

13.05987

14.06758

12.94172

13.13188

13.45026

Iteration

1

2

3

4

5

Overall

Mean

1109.667

985.25

742.5455

1086.556

952.6667

965

Median

1264

883.5

342

333

924

771

Std. Dev.

718.2145

586.4318

903.0469

1391.642

579.7273

865.9131

Iteration

1

2

3

4

5

Overall

Mean

7.45746

7.51203

7.67

7.33065

7.64220

7.52039

Median

6

6

7

6

7

6

Std. Dev.

3.68094

3.62276

3.81223

3.65234

3.59573

3.67416

Plotline 2

Plotline 3

Plotline 4

Plotline 5
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