ABSTRACT

BACHER, JOHN THOMAS. Evaluating Villanelle’s Effectiveness for Autonomous Character Authoring.
(Under the direction of Chris Martens.)

Villanelle is an interactive fiction authoring tool designed to support autonomous non-player
characters, or “character Al.” Villanelle was designed to meet four goals for an accessible autonomous
character authoring tool. We organized a user study to evaluate Villanelle based on three of these
design goals. This thesis presents the results of our first user study which demonstrates the strong
potential of Villanelle’s incorporation of behavior trees as an easy-to-learn computational model
for character Al, but they also indicate syntax challenges for inexperienced programmers. Based
on research demonstrating the value of block-based programming, we developed a block-based
programming interface for Villanelle and recruited a new set of study participants to evaluate this
iteration using the same study instruments. This thesis presents the results of our second user study
which demonstrates improvements in Villanelle’s usability and creativity support for inexperienced

programmers.
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CHAPTER

INTRODUCTION

Interactive narrative is a form of storytelling where an individual is able to control the evolution of a
story by choosing actions. Authoring compelling interactive narratives primarily requires a creative
imagination and capacity for writing prose, but also at least a cursory familiarity with programming,
and so it has historically been a gateway into computing for many people not otherwise lured by
the appeal of mathematical problem-solving [Wer12]. Tools like Twine [Kli] have attracted wide
user bases among underrepresented (especially LGBTQ+) storytellers and developers, due to its
underlying commitment to usability without programming experience [Jan14].

At the same time, interactive narrative authors’ creative ideas for using the expressive affordances
of interaction tend to outpace usable tool development. In particular, there is growing interest in
the creation of non-player characters in interactive stories that don’'t merely appear at the player’s
convenience, but engage in autonomous (scripted) behaviors, such as initiating conversations
with the player or other characters [Mat03; McC11; Eval4]. Autonomous characters provide an
opportunity for authoring narrative where the story emerges from the interactions between the

player and the characters.

1.1 Theoretical Orientation

The Villanelle Project is a software tool and corresponding research program whose goal is to support
authoring autonomous characters, with a commitment to usability by programming novices. The
Villanelle project follows the principles for participatory design research. Villanelle is a tool designed
to be used by the interactive narrative community for authoring narratives with autonomous charac-

ters. The designers of Villanelle identified four goals that such a tool must meet [Mar18], summarized



1. Learnability. Villanelle should be easy to learn through brief engagement with tutorials
and self-directed exploration.

2. Expressiveness. Villanelle should support authors in authoring a wide variety of narra-
tives that would be difficult to implement in other tools.

3. Reasoning support. Villanelle should support reasoning about the relationship between
their program and their intended goal narrative.

4. Scalability. Villanelle should support interactive narratives across a range of sizes and
complexities.

Figure 1.1 Design Goals of Villanelle

in Figure 1.1. The first goal is that Villanelle should be easy to learn, especially via self-directed
exploration. The second is that Villanelle should support a variety of narratives and encourage
diverse user expression. Villanelle should support narratives regardless of the semantic content
of the narrative. The third goal is that Villanelle should support reasoning about the relationship
between the author’s current story and their intended goals for their narrative. Finally, Villanelle
should be scalable and provide support for both small narratives with only a few characters and
large narratives with a sprawling cast.

Previous work in the intelligent narrative research community demonstrates that autonomous
characters increase believability and emergence in storytelling [Riel2]. The project Facade [Mat03]
demonstrated the potential for autonomous characters to provide players with an engaging experi-
ence where the story is affected by both the player and the autonomous characters. The authors of
Facade note that while the framework developed for Facade is expressive, the act of authoring is
difficult and time consuming. The FAtiMA project [Dial4] explores autonomous characters through
emotion modeling. Agents in FAtiMA choose actions based on an internal emotional state which
is affected by other events in the world. FAtiMA has been used for projects that explore empathy
in storytelling [Ayl09] [Pai05]. The authoring tool Versu [Eval4] provides another way to author
autonomous characters and interactive narratives with a focus on using social practice as a way to
encourage autonomous characters to act together. Versu is designed to provide the same kind of
narrative support as the underlying system for Facade, but address concerns related to the difficulty
of authoring Facade. Comme il Faut [McC10] is a system for interactive narrative specifically focused
on relationships and social interactions between characters. Ensemble [Sam15] builds on CiF and is
a “social physics” engine designed to provide a method for authoring autonomous characters and
also a system for interacting with those autonomous characters.

The goal of the Villanelle project is to provide interactive narrative authors the ability to create
narratives with characters where it feels like the character can do anything. These autonomous
characters support the potential for emergent narrative when character interactions with the player



or other characters creates engaging and believable narrative. The Villanelle project aims to provide
an authoring tool that interactive narrative authors can use to gain the potential expressiveness
of autonomous characters without the steep learning curve usually associated with autonomous
character authoring [Mar18]. Previous work on the Villanelle project explored the needs of the
interactive narrative community that Villanelle aims to support [Mar19].

This research seeks feedback from the community to determine whether the affordances of
the tool effectively support the needs of the interactive narrative community. Key to evaluating
Villanelle is understanding whether it is able to be used by inexperienced programmers within the
interactive narrative community. Given the goal to remove the steep learning curve associated with
autonomous character authoring it is essential to determine if interactive narrative authors who are

inexperienced programmers are able to use Villanelle.

1.2 Thesis Organization

Chapter two explores the related work in the realm of Interactive Narrative, Block-based Program-
ming and tool design. Chapter three explores the tool Villanelle in detail. Chapter four outlines
the details of the user study for this thesis, and examines the results from the user study. Chapter
five details the process of creating a block-based programming model for Villanelle and evaluates
results from a second user study focused on the block-based version of Villanelle. Chapter five draws

conclusions and proposes future work furthering the Villanelle project.



CHAPTER

2

RELATED WORK

Villanelle is designed to support interactive narrative authoring with autonomous characters. Author-
ing in Villanelle is done by writing code. Therefore, this thesis focuses both on novice programmer
support and interactive narrative. First, we examine work related to supporting novice programmers.
Second, we examine previous work in interactive narrative authoring.

While Villanelle is designed as a tool to support existing authors of interactive narrative and relies
on some existing understanding of interactive narrative, Villanelle as a programming tool is aimed
to support novice programmers. Previous research demonstrates that interactive storytelling as a
domain for learning programming increases interest in computing for young audiences, which was
investigated through the Alice project [Kel07]. Alice is a programming language and development
environment designed specifically for novices. In addition to Alice, the tools Scratch and Snap!
[Weil9a] [Har13] also support programming games, simulations and animations using a block-based
programming interface.

Block-based programming is an abstraction of programming where, instead of utilizing a for-
mal syntax to give commands, programmers utilize a limited tool set to encode commands via
connectable blocks [Tem13]. In a block-based approach programmers interact with blocks which
represent segments of code. Blocks are connected to each other like puzzle pieces to form a whole
program. Blocks should only be able to be placed where the resulting code is syntactically cor-
rect, thus reducing or altogether removing syntactic errors that arise when programming [Tem13]
[Weil9a]. Beyond limiting where blocks can be placed based on the syntax of the program, block-
based program as a visual medium also provides other visual cues that aid programmers such as
color coordinated blocks based on purpose and nesting blocks to indicate a relationship with each
other [Weil9a].



In a 2017 study, David Weintrop and Uri Wilensky examined the value of block-based program-
ming education compared to text-based education. The results of the study indicate that students
who were taught programming utilizing a block-based method had better outcomes than their
peers utilizing text-based programming, and even performed well on an interface for programming
they had not seen during their education [Weil7]. This study indicates the value of block-based
programming models as a method for teaching underlying programming concepts due to the higher
performance by students learning via a block-based interface. Another study in 2019 evaluated
how students performed on examinations when the questions were presented in Block-based form
[Weil9b].

In their 2010 paper Mark Riedl and Vadim Bulitko surveyed previous work in the interactive
narrative field [Rie12]. They established a taxonomy of approaches to interactive narrative based on
evaluating an interactive narrative or interactive narrative tool on the affordances of the narrative or
tool. The first affordance, authorial intent, asks whether an interactive narrative allows the author
to constrain the system to follow their story. The second affordance, virtual character autonomy,
asks whether the characters in the system are free to act or whether they are constrained by some
experience manager to act in accordance with the story goals. The final affordance, player modeling,
asks whether the system attempts to create an internal representation of the user and how it uses
that representation. This taxonomy establishes a consistent method for discussing interactive
narrative. Villanelle, specifically, does not utilize an explicit experience manager, and therefore it
is a system with low authorial intent, high virtual character autonomy, and no representation of
the user. This aligns with the goals of Villanelle as an Al-first authoring tool that is interested in
supporting autonomous characters that act independently.

When discussing virtual character autonomy, Riedl and Bulitko draw a distinction between
strong story and strong autonomy: strong story-based approaches see authorial concerns such as
dramatic arc and pacing as primary, whereas strong autonomy-based approaches favor a player’s
ability to manipulate the story-world in an open-ended way. Villanelle supports strong virtual
character autonomy and draws from other systems that also focus on strong character autonomy
like Facade and Versu [Mat03] [Eval4].

Facgade is an interactive drama that contains two autonomous characters and tries to balance
the strong autonomy of those characters with a controlled story through story beats and explicitly
defined scenes. Facade achieves the balance between story and simulation based approaches to
interactive narrative by employing a Drama Manager which is responsible for ensuring that there is
a general narrative arc. The Drama Manager is responsible for managing story beats which dictate
the range of available behaviors for the actors in the scene to choose. Facade’s characters are built on
A Behavior Language [Mat02], which is one of the foundations for the behavior trees that underlie
Villanelle. The authors of Facade note that authoring the autonomous characters and the general
story was difficult and time consuming.

Versu builds on the work of Fagade, but takes a more simulation-driven approach that pushes

the tool towards the emergent narrative side of interactive narrative [Eval4]. The drama manager in



Versu is hands-off, it does not often intervene in the story. Versu is also focused on providing better
author support than the underlying system for Facade.

The autonomous characters in Facade and Versu demonstrate the possibilities for emergent
narrative, which arises from autonomous characters interacting with each other and the player
to create a story separate from an author’s direct intentions. Emergent narrative authoring tools
require a different set of considerations then traditional story-based authoring tools [Sut13]. In
particular, emergent narrative authoring is a bottom-up approach where, instead of defining the
narrative arc, the author is creating behaviors and rules that will lead to narrative emerging from the
way those behaviors and rules interact. Effective emergent narrative authoring requires authors to
be able to visualize the results of the behaviors they have created through a form of feedback system
[Sut13]. Villanelle’s focus on authoring autonomous characters indicates that concerns related to
the difficulty of authoring emergent narrative also apply to Villanelle.

Previous work on evaluating accessible authoring tools for interactive narrative has focused
on story-based approaches to narrative. Villanelle, as a tool designed to support authoring with
autonomous characters, is designed to support Al based narrative and emergent narrative. Narratoria
is an example of a tool that is designed to support story-based narrative authoring for non-technical
experts [VV08]. Narratoria does not provide Al representations of characters, focusing more on
providing visual elements to aid non-technical experts. Scenejo is another interactive narrative
authoring tool that tries to strike a balance between hand-authored and emergent narrative [Spi06].
Scenejo utilizes branching narrative graphs to support conversations between characters within the
story. Villanelle focuses more on providing autonomous characters to support emergent narrative,

which differentiates it from Scenejo.
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3

BACKGROUND: VILLANELLE

Villanelle is a an integrated development environment (IDE) for interactive story authoring made
with Electron [Ele] and React [Reaa]. Villanelle provides the user with a script editing interface, a play
screen to explore their story, and a tree visualization to aid the user in understanding the evaluation
of the behavior trees at runtime 3.1.

Villanelle’s interactive narratives are turn-based stories where the user selects an action from a
list of available actions. The action the user selects can result in a change in the world state, and each
character’s behavior then evaluates. The behaviors’ evaluation changes the world state, including
any new text to be rendered to the player. See Figure 3.2 for a screenshot of a Villanelle story in
progress.

In the example in Figure 3.2, the user is attempting to buy a sword from a Shopkeeper actor. When
the user selects the option to earn gold, they receive fifty gold. When the user asks the Shopkeeper
for the sword, the Shopkeeper evaluates and responds to the user by granting them the sword. A
tree-structured visualization shows runtime information about character behaviors. In this example,
notice that nodes in the tree visualization for both User Interaction and the Shopkeeper highlight in
response to an action being taken. Nodes highlighted in green represent successful behaviors, and
those highlighted red represent failed behaviors. If a node is not highlighted, then that node was
not reached during evaluation of the behavior.

Authors can create character and user interaction behaviors in Villanelle using the script editor,
which provides common affordances in programming interfaces including syntax highlighting and
error messages for incorrect code. Figure 3.3 provides a screenshot of the script editor, populated
with an example script that produces the interaction with the shopkeeper character shown in Figure

3.2. Villanelle also shows a tree-structured visual representation of the code, as seen in Figure 3.4.



Villanelle <> Script 99 Play { Reload task2_shopkeeperyml | Saveas. ) Open () Exit

- askedForSword := false Tree Visualization
- gold := @ > ) Initialization
- grantSword alse
- title *Shopkeeper example'

ith shopkeeper' > 43 User Interaction

> & Shopkeeper

VoONOUVAWN R

n: askedForSword == true and gold >= 56

rantSword := true
ct text: 'The Shopkeeper grants you the sword!'
askedForSword == true and gold < 5
'You dont have enough gold. You need 50 gold'

- askedForSword := false

"The Shopkeeper stands before you. You have $gold gold.™

grantSword == fa

"Ask for sword"

- askedForSword := true
n: grantSword == fal
t: "Earn gold"”

gold + 5
“You have $gold now.”|

Figure 3.1 The Villanelle Tool.

In addition to the characters that users can create, Villanelle scripts require Initialization and
User Interaction code. Initialization code is a list of value assignment statements that evaluates
only when initially loading the story. User Interaction code determines what actions are available
to a user at a given time. The User Action node, a special syntax node only available in the User
Interaction tree, displays a button to the user whenever it evaluates to true providing them with an

additional user action.

Listing 3.1 A Villanelle User Action for Opening the Door

User Interaction:
- user action:
action text: ’Open the Door’
effect tree:
effects:

- doorIsOpen := true

Listing 3.2 A Villanelle Agent that Responds to a Door Being Opened

ExampleAgent:
selector:
- condition: (doorIsOpen == true)
effect text: ’Greetings $playerName’




Tree Visualization
Shopkeeper example
With shopkeeper > [ Initalization
The shopkeeper stands before you. You have 0 gold \_ 1 Shapkeeper

v - selector
PR > @ (askedForSword = e and gold < 50)

> Q (askedForSword == true and gold >=

Eamn Gold

]
v &3 User Interaction

Shopkeeper example

Tree Visualization
With shopkeeper

> [ Initialization
The shopkeeper stands before you. You have 50 gold.

v $ Shopkeeper
o

Ask for sword ’
Earn Gold

»

~v £3 User Interaction

Shopkeeper example

Tree Visualization
With shopkeeper

> [ Initialization
The shopkeeper grants you the sword!

v 4§ Shopkeeper

v
>

v 2 User Interaction

Figure 3.2 An example of playing through a story in Villanelle.



askedForSword :

gold := @

grantSword :

title := 'Shopkeeper example'’
scene := 'With shopkeeper'

askedForSword == t and gold >= °

- grantSword := fr
'The Shopkeeper rants you the sword!'
askedForSword == and gold <
*You dont have enough gold. You need 5@

askedForSword :

: "The Shopkeeper stands before you. You have $gold
grantSword == se

"Ask for sword"

askedForSword :
n: grantSword ==

"You have $gold now."

mpil
Successful!

Figure 3.3 An example of the Villanelle editor populated with an example script.
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Tree Visualization

> [ Initialization

~ $ Shopkeeper

Figure 3.4 An example of Villanelle’s Tree Visualization.

User actions are the primary mechanism that allows the player to interact with the world state
and influence the narrative. An example of a user action where the user opens a door can be seen in
Listing 3.1. The result of the action changes the world state. Additionally, whenever the player takes
an action, each agent also takes an action which is done by evaluating their respective behavior
tree.Therefore, if there exists an agent as coded in Listing 3.2, the result of the player selecting the

open door action would be a response from the agent greeting the player.

3.1 Villanelle’s Behavior Trees

The difference between Villanelle and other interactive narrative authoring tools is Villanelle’s focus
on providing support for implementing autonomous characters.

Villanelle affords authoring autonomous characters through a popular game Al scripting tech-
nique known as behavior trees, which have seen wide adoption in AAA games [Mil09]. Behavior trees
are tree data structures whose nodes represent tasks and control flow [Mil09]. Task nodes indicate
the artificial character should perform a certain action, and control nodes determine the execution
of sub-trees. Each behavior tree and each node can return a value, usually a status such as Success
or Failure, that then determines the evaluation of its parent node. See Figure 3.5 for a visual example
of a behavior tree representing a shopkeeper. Nodes that are highlighted green returned Success,
and nodes that are highlighted red returned Failure.

In Villanelle, tasks either alter the internal world state or print text out to the screen and are
represented by effects nodes [Mar19]. Villanelle also supports the following composite node types

common to most behavior tree systems:

¢ Conditional nodes, which return either Success or Failure depending on the condition.

11



v $ Shopkeeper

W

Figure 3.5 An example of a behavior tree representing a shopkeeper.

¢ Selector nodes, which evaluate each subtree, returning upon the first of its subtrees returning
Success.

¢ Sequence nodes, which evaluate each subtree until it encounters a tree that returns Failure or
it reaches the end of the sub-tree. If it reaches the end of the sub-tree it will return Success,

otherwise it returns Failure upon encountering the first failing tree.

Villanelle uses behavior trees not only for scripting non-player characters in the narrative, but
also for writing the users available actions and initializing variables. Therefore, the act of author-
ing in Villanelle is fundamentally about creating and understanding behavior trees as a model of

computation.
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4

USER STUDY

4.1 Study Design

This study aims to evaluate Villanelle’s effectiveness at meeting the first three goals outlined during
Villanelle’s initial design. In order to effectively evaluate Villanelle, we conducted a user study where
participants performed a series of tasks while a researcher observed them. During each task, the
participant is asked to use Villanelle to accomplish a goal and to answer specific questions related
to each task.

Villanelle is both an interactive narrative authoring tool, but also designed to support novice
programmers. Participants in the study are expected to have some familiarity with the concepts of
interactive narrative, but participants are unlikely to have experience authoring behavior trees. One
of Villanelle’s goals, that Villanelle should be easy to learn via self-directed exploration, evaluates
whether a participant is able to use the tool and create something by exploring previous work. The
design for a study where a participant both learns and uses a tool requires a framework for providing
the participant understanding of the tool they are using. The Use, Modify, Create methodology
(UMC) in computer science education [Lyt19] demonstrates that by going through an interactive
process of using, modifying, and then creating something brand new, individuals are able to better
comprehend tools and underlying programming concepts. This study utilizes the concept of UMC
in a research setting with participants using and modifying existing Villanelle code in tasks one and
two, and then creating their own Villanelle code in tasks three and four.

This study is both summative and formative. On one hand, we are evaluating the work that
has already been done with Villanelle in order to determine whether Villanelle meets various goals

for an accessible authoring tool, but on the other hand it is clear there is more work to be done to

13



Tree Visualization
> [ Initialization

v 3 Shopkeeper

v

> @ askedForSword == true and gold < 50

» €3 User Interaction

Figure 4.1 Highlighted nodes in the Villanelle tree visualizer revealing the error in task two.

improve Villanelle and this research aims to support that development.

4.1.1 Task One

In task one, the participant is provided with Villanelle code that defines a world character that
responds when the player says hello (see Listing A.1). Task one asks the participant to modify the
existing Villanelle code two ways: (1) Add an additional user action that allows the user to say
goodbye to the world instead of hello; (2) Add behavior for the world character to respond to the
user’s new goodbye action. Upon successful completion of this task, researchers ask the participant
to reflect on why the user is no longer able to see the goodbye response if the hello response is
chosen. That specific question from the researcher aims to see whether the participant has begun to
understand the execution of behavior trees from observing how the control structure of a sequence
or selector node affects code execution.

4.1.2 Task Two

In task two, the participant is provided with a small story where the user takes the role of a hero
interacting with a shopkeeper (see Listing A.3). The user’s goal is to purchase the sword from the
shopkeeper by obtaining fifty gold. The Villanelle code produces a playable story, but the sequence
node in the shopkeeper agent is incorrect and should be a selector node. As the story is written, when
the user requests the sword without having enough gold there is no response from the shopkeeper.

Prior to modifying the code, researchers ask the participant to play the story and request the
sword before getting enough gold which reveals the error. The participant is then asked to evaluate
how the nodes are highlighted in the tree visualizer when selecting the ask for sword option before
getting the required gold which is replicated in figure 4.1. The highlighting reveals that Villanelle is
never reaching the second condition due to the use of a sequence node in the Shopkeeper behavior
tree.

Researchers ask the participant three questions: (1) Why doesn'’t asking for the sword produce
any response when the user doesn’t have enough gold? (2) Why does getting the gold immediately
grant you the sword if the user has previously asked for it? (3) How would you approach fixing this
error? Questions one and two ask the participant to think about the cause of the error, while question
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In this story, the user will take the role of a quest giver. Whenever the player has nothing else to do
they can pass time by taking an action that does nothing. There is a character named Protagonist.
The Protagonist is trying to get one hundred gold to purchase a sword. When the Protagonist does
not have a quest and their gold is less than one hundred, they will seek the player out asking for
a quest. This allows the player to give them either a strength or a logic quest. The strength quest
requires them to have five strength to complete it. The Logic quest requires them to have five logic
to complete it.

If the Protagonist has a quest, they will check if the skill associated with that quest, strength or
logic, is less than the requirement. If it is, they will announce they are training their strength or logic
and their strength or logic will increase by one. Once the skill associated with that quest equals or
exceeds the requirement they will announce they have completed the quest, and request gold from
the player.

This allows the player to take an action giving the Protagonist fifty gold. Once the Protagonist’s gold
equals or exceeds one hundred, so once they have completed two quests, they should announce
that they are off to purchase the sword thus ending this story.

Figure 4.2 The story described in task three

three asks the participant to consider how they would fix an error in Villanelle. The participant is
urged to read the definition of sequence and selector nodes in the cheat sheet, and then fixes the

€ITor.

4.1.3 Task Three

In task three, the participant is provided a story (see Figure 4.2) and starting code for the story
(see Listing A.5). Task three asks the participant to modify the existing Villanelle code to replicate
the story. Elements of the story map to Villanelle constructs, and task three evaluates whether
this mapping is observed by the participant. Specifically, Task three evaluates whether Villanelle
supports reasoning about the relationship between the author’s current story and their intended
goals for their narrative.

4.1.4 TaskFour

In task four, the participant is asked to come up with their own idea for a narrative using autonomous
characters. The participant is encouraged to consider everything they’'ve learned from previous
tasks and write whatever narrative they desire. The goal is to evaluate the diversity of stories that
participants create. If Villanelle effectively supports diverse expression and storytelling, there should
be a diverse set of narratives written during task four.

Task three and four also provide insight into the learning that the participant accomplished
during their session. If the participant has effectively grasped the concept of behavior trees, then
during task three they should be able to map the elements of the narrative into Villanelle’s behavior
tree structures. During task four, the way the participant utilizes all aspects of Villanelle reveals
their understanding of Villanelle’s agent system. While different narratives require different levels of

15



autonomous characters, if a participant does not use an autonomous character in a situation where
one is warranted that may indicate they did not fully come to understand autonomous characters
and behavior trees. Thus, using task three and four, in combination with task one and two, we can

answer whether Villanelle is easy to learn via self-directed exploration.

4.1.5 Survey

After completing all tasks, the participants are asked to take a short survey. The survey collects
data about the participant’s experience with Villanelle and their programming background. The
survey consists of four short answer questions and eight Likert scale questions, these questions are

represented in figure 4.1.

Table 4.1 Survey Questions

Likert Scale Responses Short Answer Questions
. . What did you find most difficult about

1 | Villanelle is easy to use 1 . .
using Villanelle?

2 | Villanelle code is easy to write 2 What was the easiest thing to learn in
Villanelle?

3 | Finding errors in Villanelle is easy 3 What was the hardest thing to learn in
Villanelle?

4 | Thad trouble finding buttons in Villanelle 4 What doyou thinkis missing from
Villanelle?

I felt my story or characters were limited by
Villanelle

Villanelle’s tree visualization helped me

I would choose to use Villanelle to write
narrative and characters in the future

I am an experienced programmer

xR N | O O

Likert scale question eight provides an indication of the programming experience of each
participant. A participant’s experience with programming may make it easier for them to understand
Villanelle’s scripting language. Likert scale questions two and three provide the opportunity to
understand what caused a participant to struggle on tasks. Likert scale question five explicitly asks
about whether Villanelle limits expression.

The short answer questions provide participant feedback for improving Villanelle. Responses to
these questions also provide a chance to understand participant’s feelings about Villanelle. Short
answer question one, three, and four provide a chance to understand what may be the shortcomings

of Villanelle, while short answer question two indicates the strengths of Villanelle.
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Table 4.2 Duration spent on each task. Stars indicate the participant did not complete the task.

Participant | Experienced programmer Task 1 | Task2 | Task3 | Task4 | Total

One Agree 15:30 | 06:18 | 25:13* | 34:21 1:23:16
Two Strongly Agree 09:25 | 06:18 | 33:38 | 26:14 | 1:17:33
Three Strongly Disagree 13:39 | 08:14 | 30:14* | 18:30* | 1:12:06
Four Neither Agree Nor Disagree | 07:43 | 05:52 | 34:26 | 24:09 | 1:13:33
Five Disagree 10:00 | 05:45 | 30:55 | 33:18 | 1:21:56
Six Strongly Agree 09:10 | 05:02 | 31:38 | 37:16 | 1:24:49

4.2 Study Results

In total, there were six participants for the study who each completed an eighty to ninety minute
session. The total time that each participant spent on each task is produced in the table 4.2. Each
participant was provided with the Villanelle guide and a cheat-sheet which outlines examples of
syntactically correct Villanelle code. The time for each task is measured from when they first opened
the file for that task to when they saved the file for that task.

Each participant varied in their level of completion for tasks three and four. In Table 4.2, those
participants who did not complete the task are denoted with a star. Task three was completed by three
participants, incomplete by two participants, and one participant had a product that met almost all
but was partially incomplete. Task four is harder to judge completeness, due to the specifications

being so open, but it is clear that at least one participant did not complete task four.

4.2.1 IsVillanelle easy to learn via self-directed exploration?

The results indicate that, for those with the programming background necessary to understand the
syntax that drives Villanelle, it is possible to learn Villanelle via self-directed exploration. In each case
where users reported a strong programming background, they were able to accomplish task three
and four using only Villanelle and the cheat-sheet provided that outlines Villanelle syntax. As for
individuals that reported little to no programming experience, Villanelle proved more challenging
to learn. Particularly, participant three, who reported that they had no programming experience,
required a lot of help during task three in order to make any progress, but expressed to the researcher
and through their survey responses that it was syntactic difficulties that consistently caused them
trouble.

All participants demonstrated remarkable improvements in both their understanding of Vil-
lanelle’s code and behavior trees over the course of the study. Specifically, participants demonstrated
their understanding by using agents in task three and four, and understanding how the control is
passed between those agents. Participants five and six effectively utilized multiple agents in their
task four story, and demonstrated understanding of how the behavior tree for each agent interacts
with the user when playing the story. Participants two and four, while only using one agent for their

story, demonstrated clear understanding of how control is passed between the agent’s behavior tree
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and the user. Participant one did not complete task three, but in discussion with the participant
they expressed an understanding of what the agent needed to do, and how the user should respond
indicating they understood the behavior tree that needed to be built, but simply did not know how
to do it in Villanelle. Participant three is the only one that seemed to not fully understand behavior
by the end of the session, but their lack of any programming experience and their frustration with

Villanelle’s code likely hindered their learning.

4.2.2 DoesVillanelle support avariety of narratives and encourage diverse user expres-
sion?

Task four is the primary method for determining the variety of narratives that participants created.
Given the focus in task two and three on fantasy stories involving quests, there was some expectation
that participants may follow suit and create similar stories for their final task. Each participants
use of Villanelle was completely different in task four. Participant one used the agent to represent a
person, and had the user affect their life story, while they did not complete as much as they would
have liked they indicated they were trying to create something like a life story simulator. Participant
two used agents to represent different enemies you encounter in a dungeon where you can choose
to engage the enemy or just let it be, and each enemy responds differently. Participant three, as
previously mentioned, did not complete task four. Participant four created a pet simulator where
the agent represents a pet. You can feed the pet and help it exercise. Participant five used three
agents to represent three different characters. The player’s role is to keep each agent from getting
angry at each other or the player themselves. Participant six created a dating simulation type story
where there are two agents that represent two characters the player can choose to pursue. Each
participants narrative varied greatly from one another, and this indicates that Villanelle doesn’t limit
the way that people think about using behavior trees and autonomous characters.

The survey responses support the conclusion that Villanelle support a variety of narratives and
diverse expression. Three out of six participants disagree with question five which asked whether
Villanelle limited their story or characters. Two participants neither agreed nor disagree, and only
one participant felt they were limited by Villanelle. The lukewarm responses are illuminated by the
interviews during the research sessions where participants expressed feelings of limitation related
to syntax and features in Villanelle. Most participants expressed some frustration with Villanelle’s
syntax, and those who had no prior programming experience felt especially limited by the syntax.
Additionally, two participants raised questions about random chance, a feature that they might

want when writing a game story, and whether Villanelle supported random number generation.
4.2.3 Does Villanelle allow reasoning about the relationship between the author’s cur-
rent story and their intended goals for their narrative?

Task three is the primary means of evaluating this goal. Out of six participants, four participants
completed task three. One of the two participants that did not complete task three, specifically
the only participant who strongly disagreed that they were an experienced programmer, did not
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Table 4.3 Likert Scale Responses for Initial Six Participants.

Neither
St 1 St 1
Question rongly Agree agree Disagree .rong Y
agree nor disagree
disagree
Villanelle is easy to use 2 3 1 0 0
Villanelle code is easy to write 1 4 1 0 0
Finding errors in Villanelle is easy 1 0 2 3 0
I had trouble finding buttons in Villanelle 0 0 0 2 4
I felt my story or characters were limited
. 0 1 2 1 2
by Villanelle
Villanelle’s tree visualization helped me 2 1 3 0 0
I would choose to use Villanelle to write
. . 1 3 0 2 0
narrative and characters in the future
[ am an experienced programmer 2 1 1 1 1

understand how to go about translating from story to Villanelle. When asked to explain how they
might, in abstract, want to represent the story using Villanelle the participant expressed that the
Protagonist should be an agent who ask the user for a quest, but did not understand how to realize
that in Villanelle code.

Except for participant three, every other participant could at least outline their goals for translat-
ing the story into Villanelle code, and those outlines consistently made use of the structures they
had seen previously. Participants consistently encountered challenges with the syntax of Villanelle.
When asked to explain what they found difficult about Villanelle, participants responded that the

syntax and the lack of meaningful error messages were their primary limitations.

4.2.4 Survey Analysis

The full participant responses to the Likert scale questions are reproduced in figure 4.3. The small
number of participants makes it difficult to draw any substantial conclusions from the Likert scale
questions, but there are indications of conclusions. As mentioned, the responses to questions one
and two indicate that participants felt Villanelle was easy to use and Villanelle code was easy to
write. The responses to question three could be better which indicates that there is room to improve
the ability to find errors in Villanelle. The responses to question six evaluating the value of the tree
visualization indicates that Villanelle’s tree visualization is a valuable tool for interactive narrative

authors.

4.2.5 Discussion

Villanelle supports learning via self-directed exploration, and supports a variety of narratives and
user expression. Villanelle is adequate at allowing reasoning between the author’s current story and

their intended goal for experienced programmers, but Villanelle could be improved to better meet
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this goal for non-experienced programmers. In general, Villanelle is an effective tool for experienced
programmers to author behavior tree-based autonomous characters, but Villanelle is limited by
it’s complicated syntax and difficult to understand error messages. Participant four’s response to
the survey question asking about what they found most difficult about using Villanelle explains the
problem, "It was hard to debug at times, and the error messages were a little hard to work with."
The tree visualization in Villanelle stood out as a point of strength where participants both in the
Likert scale questions and in the survey responses indicated the value of the tree visualization.
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CHAPTER

5

BLOCK-BASED VILLANELLE

The initial user study demonstrated that the text-based version of Villanelle is effective for expe-
rienced programmers. Inexperienced programmers struggled during task three and four which
demonstrates that there is potential to improve Villanelle for inexperienced programmers. Addition-
ally, the concerns participants expressed about Villanelle’s syntax and Villanelle’s error messages are
another motivation for modifying Villanelle. We propose a block-based implementation of Villanelle
where a block-based interface allows coding in blocks which is then translated to Villanelle text to
solve all of these problems.

The block-based version of Villanelle should preserve all features of the original version of
Villanelle and merely be an extension to add a block-based programming language. The user should
still be allowed to use the text-based method in Villanelle. It should also be possible to view blocks
at the same time as playing a game. The modified version of Villanelle in Figure 5.1 demonstrates
how the block-based programming interface is displayed to the user. Additionally, the user is able to
use the buttons at the top of each side of the screen to select the content displayed on that side of
the program.

Villanelle’s existing framework was built using Electron [Ele] and React [Reaa]. Therefore a
Javascript library for implementing block-based programming languages was required to integrate
into Villanelle. Blockly is a Javascript library developed by Google that provides a framework for
developing block-based languages and editors [Pas17] [Blo]. Blockly utilizes a toolbox and workspace
model where the developer drags blocks from the toolbox into the workspace where blocks are
attached like puzzle pieces. Integrating Blockly into Villanelle required a method for translating
Blockly into a react component. In order to accomplish this integration we relied on React-Blockly
[Reab] which is a React component that supports Blockly integration into a react framework. The
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Figure 5.1 The Block-based Version of Villanelle.

React-Blockly component handles the workspace mounting that needs to occur whenever the react
application is rendered.

In this chapter we will discuss the process of creating a block-based programming language
using Blockly for Villanelle. Next, we will outline the details of the block-based language imple-
mentation and discuss some of the decisions related to the block-based programming language
implementation. Finally, we will evaluate the effectiveness of the block-based version by exploring

the results from a second user study using the block-based version of Villanelle.

5.1 Villanelle Blocks

The first step when creating a block-based programming model for Villanelle was to breakdown
the text-based version of Villanelle into components that can be translated into blocks. Using
the Task Two code involving a shopkeeper agent (See Listing 5.1) we will isolate each component
and discuss their details in order to lay the foundation for the block-based language. Notice the
three words Shopkeeper (Line 8), Initialization (Line 1), and User Interaction (Line 20), which define
behavior trees in Villanelle. The Shopkeeper is an example of an agent tree. There can be any number
of agent trees with each having a unique name. Initialization and User Interaction are keywords
reserved for the two required behavior trees for any Villanelle program. Initialization is unique
because it takes only variable assignment statements as child nodes. User Interaction and all agent
trees are similar, but User Interaction trees can take user action nodes as leaf nodes where agent trees
cannot. Additionally, agent trees can only take one immediate child node where User Interaction

trees can take any number of immediate child nodes. Observe how the User Interaction tree in the
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Table 5.1 All Villanelle language constructs and their legal children. Effects and Effect Text, the two starred
elements, count as a single node for any construct that takes only a single node.

Node Name Children Number
Initialization Variable Assignment >=1
User Interaction Sequence/Selector, Description, User Action, Condition >=1
Agent Tree (Optional: Condition), Sequence/Selector =1
Effect Tree Effects, Effect Text, Sequence/Selector =1
User Action Action Text, Effect Tree =2
Action Text Primitive String =1
Effects* Variable Assignment >=1
Effect Text* Primitive String =1
Sequence/Selector | Sequence/Selector, Condition, Description, Effects, Effect Text | >=1
Condition Sequence/Selector, Description, Effects, Effect Text =1
Description Primitive String =1
Initialization:

- askedForSword := false

- gold := 0

- grantSword := false

- title := ’Shopkeeper example’

- scene := ’With shopkeeper’
Shopkeeper:
#Fix the following
sequence:
- condition: askedForSword == true and gold >= 50
effects:
- grantSword := true
effect text: ’The Shopkeeper grants you the sword!’
- condition: askedForSword == true and gold < 50
effect text: ’You dont have enough gold. You need 50 gold’
effects:
- askedForSword := false
User Interaction:
- description: "The Shopkeeper stands before you. You have $gold gold."
- condition: grantSword == false
user action:
action text:
effect tree:

"Ask for sword"

effects:
- askedForSword := true
- condition: grantSword == false
user action:
action text: "Earn gold"
effect tree:
effects:
- gold := gold + 50

effect text: "You have $gold now."

Listing 5.1 The Initial Version of Task Two
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example has two available user actions, one to ask for the sword and one to earn gold. We will now
go through each tree individually to continue exploring Villanelle’s code. A table summarizing the

Villanelle trees and nodes is produced in Table 5.1.

5.1.1 User Interaction

The User Interaction behavior tree can have any number of nodes as children. The User Interaction
tree in the example has three direct children, denoted by the description (Line 21) and condition
(Line 22, 28) keywords. Description is a special node that, when evaluated, displays text to the
screen if and only if no effect text node has been evaluated successfully in this tree or any other tree.
Description nodes take a single text value as their only child. Next we have the condition node which
evaluates and returns the result of the conditional statement which must be a properly formatted
boolean expression. Note that a conditional statement can only take one child node. In this example,
both condition nodes have user action nodes (Lines 23, 29) as children. User action nodes take
exactly one action text node and exactly one effect tree node as their only child nodes. Both the
action text node and the effect tree node are required. The action text node takes a string and defines
the value that is displayed on the user action button. The effect tree node takes either an effects
node, effect text node, both, or a sequence/selector node as child nodes. In the second user action
in this example, there is both an effects and effect text child node for the effect tree. Effects nodes
function the same as the initialization tree by taking any number of variable assignments as children
and evaluating all of them. Effect text nodes take a string and display it to the screen.

5.1.2 Agent Trees

Agent trees take a single selector or sequence node as their direct child with no dash as demonstrated
by the Shopkeeper agent (Line 10). There is an optional condition node which can appear above the
sequence or selector, also without a dash, which acts as a guard on the agent tree. If the condition is
true, then the tree is evaluated, otherwise it is not. Sequence and selector nodes can take any of the
non-user action nodes as children - description, condition, effect text, and effects. In this example,
a sequence node is used with two conditional nodes as children. The conditional nodes then have
two children as well, an effects node and an effect text node which function the exact same here as

they do in user actions.

5.1.3 Villanelle Text Formatting

Villanelle has a few language formatting and dash related rules that are worth mentioning that
needed to be considered when generating code from blocks. As previously mentioned, the difference
between User Interaction and agent trees is that the User Interaction tree can have any number
of immediate children and they all must be preceded by dashes, whereas agent trees must have
a sequence or selector and optionally a condition node. Agent trees’ immediate children are not

preceded by dashes.
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Figure 5.2 The Villanelle Main Block.

Figure 5.3 The Agent Block.

Conditions require their child node or nodes to be exactly inline with the condition themselves.
Notice in the example (Line 22-23) how the phrase user action begins directly below condition
and is left-aligned with condition. If the user action line was offset by one space in either direction
Villanelle would fail to compile and raise an incorrect input error.

Villanelle string variables must be in single quotes and not double quotes as seen with the title
and scene variables in the example (Lines 5, 6). In most other places, single and double quotes are
interchangeable.

Finally for any Villanelle nodes which take one node as a child the effects node and effect text
node count as one child. Hence the effect tree on Line 31 has two children despite requiring only
one child. Multiple children can be achieved by using a sequence node and nesting the multiple

children as children of the sequence node.

5.2 Translating Blocks to Text

Blocks in blocky are defined either via JSON or Javascript. There is a Blockly developer tool that
supports defining Blockly blocks using a block-based interface [Dev]. The developer tool provides
code for the blocks you defined as well as providing a toolbox builder for constructing the toolbox of
blocks. We built the initial blocks using the block based interface due to the ease of use and the ability
to play with the generated blocks after defining them. Each block was exported as Javascript and
loaded into the Blockly blocks library when the Villanelle application initializes. Later modifications
to the blocks after testing were done by modifying the Javascript block definitions.

The goal of a block-based implementation of Villanelle is to reduce the issues related to syntax
when programming in Villanelle, therefore certain decisions were made with regards to clustering
Villanelle constructs into single blocks to reduce complexity. For example, every Villanelle program

requires an Initialization and a User Interaction tree, therefore a single block that provides a space
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Figure 5.4 An example of the blue set variable block, the effects block, being utilized to set multiple vari-
able values.

Figure 5.5 The User Action Block.

to provide both trees as well as a way to attach further agent trees was devised (See Figure 5.2).Addi-
tionally, conditional statements were translated to an if-do block (See Figure 5.3) to convey the idea
that if the condition succeeds the nested code executes. User Actions have required elements in the
action text and the effect tree, so every user action block provides built-in slots for both elements
to indicate their required nature (see Figure 5.5). Finally, for the effects node block the text “Set
Variables” was used (see Figure 5.4). The block behaves exactly as an effects node taking any number
of variable assignment blocks as children.

Blockly also allows each block input to define the legal blocks that can be placed in that input.
Many nodes in Villanelle have explicit requirements on the number and kind of child nodes and these
are translated into the block-based version of Villanelle. The Initialization input in the Villanelle
main block takes only variable assignment blocks as children. The effects block also takes only
variable assignment blocks as children. The Agents blocks take only a single selector or sequence
node as a child. These requirements are defined as an array parameter of each input where the array
lists the legal blocks that can snap into this input.

In total we defined ten custom blocks and used six of the prebuilt blocks that Blockly provides. A
full list of the available blocks in Villanelle is provided in Figures A.1-A.1. Each block also requires a
generator. A generator is the function that is called whenever Blockly encounters the block when
trying to generate code. A generator is written in Javascript and takes the block as the only parameter.
Each generator is expected to return a string containing the code generated by this block. While it
is possible to define a custom language in Blockly, doing so would require defining rules related
to proper indentation and order of operations, but Villanelle code matches the existing Javascript
generator in many of these regards, so the Villanelle blocks were added to the Javascript generator.

In total eleven generators were written for the Villanelle blocks because of the ten custom blocks
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Blockly.JavaScript[’condition’] = function(block) {
var value_antecedent = Blockly.JavaScript.valueToCode(block, ’antecedent’, Blockly.JavaScript.
— ORDER_ATOMIC) ;
var statements_consequent = Blockly.JavaScript.statementToCode(block, ’consequent’);
var statements_consequent_fixed = ’7;
if (statements_consequent !== null){
var statementsArray = statements_consequent.split(’\r\n’);
for(var i = 0; i < statementsArray.length; i++){
if (statementsArray[i] .substring(0, 6) == - ")
statements_consequent_fixed += statementsArray[i].replace(’ -2, )
— + ’\r\n’;
else
statements_consequent_fixed += statementsArray[i].replace(’ Y, )+
= °\r\n’;
}
X
var code = ’- condition: ’ + value_antecedent + ’\r\n’ + statements_consequent_fixed;
return code;
};

Listing 5.2 The Generator for Conditional Blocks

(askedForSword == - )
'The shopkeeper grants you the sword!’

- grantSword := true

© = grantSword L true -

—

Figure 5.6 A conditional block (left) and the code generated by the Blockly generator (right).

and one generator, for boolean expressions, which had to be overridden to work with Villanelle.
An example of a generator for the condition node block is produced in Listing 5.2. On line two
the generator for the antecedent input is called which produces the Villanelle text for the boolean
expression in this condition. On line three, the generator for the first consequent block is called.
Most work for making custom generators for Villanelle involved string manipulation to format the
code properly such that it is valid Villanelle code. For example, conditions in Villanelle require the
first statement that follows the condition to have no preceding dash, and to be aligned with the word
condition in code. The code on lines 6 to 14 parses through the text generated by the consequent
and aligns each line with the word condition. Finally, the value is saved as a variable on line 15 and
that value is returned. Figure 5.6 provides an example of a conditional block and the code that it

generates when the generator is called.

5.2.1 Second Study Results

A second user study was run utilizing the block-based version of Villanelle. The only change between
the two user studies was the version of Villanelle used, but the tasks and the survey remained the
same. As a result of using a new version of Villanelle, the initial files for the tasks also had to change.
The block based versions of the initial task documents for the block-based study are presented in

figures A.2, A.2, and A.2. In total, there were four participants for the study who each completed an
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Table 5.2 Duration spent on each task by participants using the block-based version of Villanelle.

Participant | Experienced programmer | Task1 | Task2 | Task3 | Task4 | Total

Seven Strongly Disagree 13:20 | 09:19 | 32:24 | 25:45 | 1:25:47
Eight Strongly Disagree 15:42 | 12:23 | 30:55 | 30:30 | 1:34:29
Nine Neither Agree Nor Disagree | 07:25 | 09:20 | 29:05 | 25:46 | 1:16:13
Ten Strongly Disagree 15:15 | 12:19 | 31:01 | 22:09 | 1:27:34

eighty to ninety minute session. The total time that each participant spent on each task is produced
in the table 5.2. For the purpose of distinguishing between the two studies, participants seven
through ten are the participants who participated in the block-based study.

In comparison to the initial user study where only one participant responded that they strongly
disagreed that they were an experienced programmer, participants seven, eight, and ten all re-
sponded strongly disagree and participant nine responded with neither agree nor disagree.

5.2.2 IsVillanelle easy to learn via self-directed exploration?

In the initial user study, participants who reported that they were experienced programmers were
able to complete task three and four utilizing only the cheat sheet and their experiences during the
initial two tasks, but participants who were not experienced programmers struggled to author a
solution for task three. In the block-based version of Villanelle, three of the four participants strongly
disagreed with being experienced programmers, and one participant neither agreed nor disagreed.

Despite the lack of programming experience, all four participants were able to successfully code a
partial solution for task three. Participants seven, eight, and ten, who all responded strongly disagree
to whether they were experienced programmers, all created code to at least have the protagonist in
task three receive a quest and train to complete that quest. This level of completion aligns with those
participants in the initial study who expressed they were experienced programmers. Furthermore,
unlike participant three who did not know how to even begin task three, all four participants in the
block-based study were able to begin translating the story from the description to Villanelle code
immediately. The improvement in completion for non-experienced programmers during task three
is extremely promising for the effectiveness of the block-based version of Villanelle at solving the
problems that arose during the initial user study.

5.2.3 Does Villanelle support a variety of narratives and encourage diverse user expres-
sion?

The initial study demonstrates that Villanelle supports a variety of narratives as seen by the variety of
stories in task four. This variety was maintained in the block-based version of Villanelle. Participant
seven wrote a murder mystery story where the user takes the role of a detective trying to solve the
case. Participant eight wrote a story about helping an agent representing an animal find a perfect
home. Participant nine used two agents to represent two different cats where the user’s goal is to
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Table 5.3 Likert Scale Responses for Second Study Participants.

Neither
St 1 St 1
Question rongly Agree agree Disagree .rong Y
agree nor disagree
disagree
Villanelle is easy to use 1 2 1 0 0
Villanelle code is easy to write 0 2 0 2 0
Finding errors in Villanelle is easy 0 0 2 1 1
I had trouble finding buttons in Villanelle 0 2 0 1 1
Ifel h limi
e t. my story or characters were limited 0 0 9 5 0
by Villanelle
Villanelle’s tree visualization helped me 3 1 0 0 0
I would choose to use Villanelle to write
. . 1 2 1 0 0
narrative and characters in the future
[ am an experienced programmer 0 0 1 0 3

build the cat’s affection by interacting with them. Participant ten wrote a story about exploring a
branching road that leads to different places depending on your choices.

Similar to the first user study, none of the participants stories were similar, and furthermore
they diverged from the original six user stories providing further evidence that Villanelle supports
a variety of narratives. One interesting comparison to draw between the two studies is the use of
agents by the participants in the block-based study. In the original study, out of the six participants
only four the participants utilized the autonomous agents Villanelle provides, but all four of the

participants in block-based version of the study utilized the agents.

5.2.4 Does Villanelle allow reasoning about the relationship between the author’s cur-
rent story and their intended goals for their narrative?

As mentioned when examining whether the block-based version of Villanelle is easy to learn via self-
directed exploration, the participants in the block-based study demonstrated remarkable authoring
during task three which is the primary method for evaluating this goal. Each participant in the
block-based study was able to effectively create the initial actions for the protagonist agent to ask
for a quest and to train themselves in response to the kind of quest the user gives them. One of
the biggest points of difference between the block-based version of Villanelle and the script-based
version is that participants in this second study focused on the block-based version of Villanelle did
not ask questions regarding how to author code related to the story. Rather, participants were able to
explore the potential ways they could add blocks and grasped the syntax of the blocks on their own.

5.2.5 Survey Results

Similar to the initial study, the small number of participants makes any conclusions drawn from

the Likert scale questions less meaningful. That being said, there are two points of concern in the
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responses that are worth addressing. First, in response to the question "Villanelle code is easy to
write" two participants agreed, and two participants disagreed, so, despite the observation during
the research session that participants were able to encode their solutions more easily than those
using the script-based version of Villanelle, some participants felt writing code in the blocks-based
version was still difficult. This indicates there is still room to improve the block-based version of
Villanelle to make the act of coding using the blocks-based version easier. Second, in response to
the question "Finding errors in Villanelle is easy" no participant using the blocks-based version
of Villanelle agreed. The blocks-based version of Villanelle, when using the blocks coding, cannot
produce syntax errors, so it seems likely participants were considering the semantic error in task
two when asked this question. Nonetheless, error finding in Villanelle, and specifically semantic
error finding in behavior trees, is a potential avenue for future work.

5.2.6 Block-based versus Script-based

As seen when examining the same three goals outlined for the script-based version of Villanelle on
the block-based participants, block-based Villanelle performs equally well if not better. Researchers
observed participants used trial and error in the block-based version of Villanelle. For example, in
task two, when the participant is asked what change they would make to fix the error that result
from a sequence node being used when a selector node is required, participants seven, eight and
nine suggested changing the order of the two conditional blocks which are children of the sequence
node. Participant ten suggested multiple solutions and then finally asked, "Am I allowed to play
with this and see what happens?" Block-based programming supports this trial and error approach
because if a block orientation is allowed by the editor than it produces syntactically correct code, so
it will always produce something.

The results of the block-based study also indicate that the block-based model aids participants
in understanding the difference between the role of the user and agents in Villanelle. In the initial
user study, participants coded their solutions in the user interaction block especially during task
four. Participants in the block-based study all utilized an agent in their task four encoding, and
furthermore coded logic for changing the world state in agents. The way participants in the block-
based study utilized agents embodies the idea that the non-player character is taking actions and
responding to the user, which is key when it comes to understanding the role of behavior tree based
agents.
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CHAPTER

6

CONCLUSION AND FUTURE WORK

In this thesis we have explored the application Villanelle and evaluated whether Villanelle meets
three of the four goals outlined in the original design document. We performed an initial user study
to evaluate these goals. The initial user study demonstrated that Villanelle supports a wide variety of
narratives for all participants. For goals one, that Villanelle should be easy to learn via self-directed
exploration, and three, that Villanelle should support reasoning about the relationship between the
current story and the intended narrative, Villanelle is effective for those who have programming
experience. Villanelle’s scripting and confusing error messages reduce Villanelle’s effectiveness for
novice programmers.

We proposed a block-based version of Villanelle to address the concerns related to novice
programmers in the initial user study. We performed a second user study with four programmers.
The results of the second user study confirmed that Villanelle supports a wide variety of narrative.
Additionally, novice programmers succeeded in Tasks Three and Four when using the block-based
version of Villanelle which demonstrates improvements over the text-based version. The block-
based version of Villanelle was easy to learn via self-directed exploration and supported reasoning
about the relationship between the current story and the intended narrative for inexperienced

programmers.

6.1 IsVillanelle easy to learn via self-directed exploration?

In the initial user study experienced programmers were able to use the knowledge they had ac-
cumulated from the first two tasks to accomplish Tasks 3 and 4, but inexperienced programmers

struggled to complete Tasks 3 and 4, and had many difficulties related to understanding the syntax of
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Villanelle. The Block-based version of Villanelle addressed the trouble inexperienced programmers
had by using a block-based language approach to improve the experience of learning in Villanelle
for inexperienced programmers. The inexperienced programmers in the user study using the block-
based version of Villanelle demonstrated authoring on par with the experienced programmers in
the initial user study, demonstrating that the block-based version of Villanelle was easy to learn for

inexperienced programmers.

6.2 DoesVillanelle support avariety of narratives and encourage diverse

user expression?

The text-based and the block-based version of Villanelle both demonstrated that Villanelle supports
a variety of narratives. In the initial user study, all six participant stories were different from one
another, and the four additional stories in the second user study differed from the original six as
well. The variety of stories authored by participants indicates that Villanelle supports a variety
of narratives. Future work evaluating whether Villanelle, either the text-based or the block-based

version, limits specific narrative types could provide more insights with regards to this goal.

6.3 Does Villanelle allow reasoning about the relationship between the

author’s current story and their intended goals for their narrative?

The text-based version of Villanelle demonstrated that the confusing syntax of Villanelle and the
lack of meaningful error messages limited participants abilities to effectively complete Task 3, which
is the primary means of evaluating this goal. Experienced programmers were able to author Task
3 narratives, but inexperienced programmers did not know how to move from a prose story to
a Villanelle story. The block-based version of Villanelle addressed these concerns by eliminating
syntax errors and reducing error messages. The inexperienced programmers using the block-based
version of Villanelle demonstrated authoring in Task 3 similar to the experienced programmers
using the text-based version. The block-based version of Villanelle improved the support Villanelle
provides for reasoning about the relationship between the author’s current story and their intended

goals for inexperienced programmers.

6.4 Future Work

Villanelle has many avenues for growth to better meet the goal of being an accessible tool for
authoring interactive fiction with autonomous characters. Furthermore, there were many questions
during this research that are worth future consideration. These suggestions outline potential areas

for improvement in the block-based version of Villanelle, or avenues of future research.
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6.4.1 Code to Blocks

The current version of block-based Villanelle only allows authoring in a blocks to code pipeline, but
there is potential value in being able to translate existing Villanelle script code into blocks-based
code. This work could either translate directly from the Villanelle script code to blocks, or draw from
Villanelle’s internal view of the authored behavior trees to generate the blocks.

6.4.2 Twine Integration

As seen during task four, Villanelle supports a variety of narratives, but Villanelle has an advantage
over other interactive fiction authoring tools in that it represents agents as behavior trees. This
potentially makes authoring certain types of narrative, where there is a heavy focus on character
interaction, much easier by encapsulating all information related to a character’s behavior in one
location. Integrating Villanelle’s behavior tree authoring into Twine, or another interactive fiction

authoring tool, could provide the power of behavior trees to a wider authoring audience.

6.4.3 Behavior Tree Understanding

During discussions of the results of the initial user study, there was a question about whether
participants had gained understanding of behavior tree function from their authoring in Villanelle.
This suggests the idea of a focused study into teaching individuals how to author behavior trees,
and whether Villanelle, either script-based or block-based, can be used as an educational tool.
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APPENDIX

A

BLOCKS AND CODE

A.1 Block Listing

Initialization:

User Interaction:

Figure A.1 The base block used in Villanelle. The only required block.

Set variable EEMIENES to

Figure A.1 Used to set the value of the named variable to the attached block of type literal.
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Set Vanables:

Figure A.1 Used to encapsulate multiple set variable blocks when in an agent or user interaction.

Figure A.1 Represents a selector and sequence node.

Figure A.1 Corresponds to the conditional node.

Figure A.1 Defines the needed elements for a user action.

Description

Figure A.1 A block for use in the user interaction section to display text to the user.

Figure A.1 Attached to the end of the main block, or the end of another agent, to add an agent.

Figure A.1 Displays the attached text to the screen.
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Var

Figure A.1 Used to reference a variable in either logic or math statements

X1

Figure A.1 Compares two values and returns the result.

Figure A.1 Compares two booleans using AND or OR.

Figure A.1 Takes two numbers and applies the operand to them, returning the result.

Figure A.1 A Boolean literal.

Figure A.1 A text literal.

L0

Figure A.1 A numeric literal.
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A.2 Code Listings

Initialization:
- sayHello := false
- name := ’User’

User Interaction:
- description: "The world stares at you."
- user action:
action text: "Say hello world"
effect tree:
effects:
- sayHello := true
# 1. add a goodbye action

World:
selector:
- condition: sayHello == true
effect text: ’"Hello $name." says the world.’
effects:
- sayHello #3. Add logic so both responses are not given
# 2. add a goodbye response

Listing A.1 The Initial Version of Task One

Initialization:
- sayHello := false
- sayGoodbye := false
- name := ’User’

User Interaction:
- description: "The world stares at you."
- user action:
action text: "Say hello world"
effect tree:
effects:
- sayHello := true
- user action:
action text: "Say goodbye world"
effect tree:
effects:
- sayGoodbye := true

World:
selector:
- condition: sayHello == true
effect text: ’"Hello $name." says the world.’
effects:
- sayHello := false
- condition: sayGoodbye == true
effect text: ’"Goodbye $name." says the world.’
effects:
- sayGoodbye := false

Listing A.2 The Complete Version of Task One
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Initialization:
- askedForSword := false
- gold :=0
- grantSword := false
- title := ’Shopkeeper example’
- scene := ’With shopkeeper’

Shopkeeper:
#Fix the following
sequence:
- condition: askedForSword == true and gold >= 50
effects:
- grantSword := true
effect text: ’The Shopkeeper grants you the sword!’
- condition: askedForSword == true and gold < 50
effect text: ’You dont have enough gold. You need 50 gold’
effects:
- askedForSword := false

User Interaction:
- description: "The Shopkeeper stands before you. You have $gold gold."
- condition: grantSword == false
user action:
action text: "Ask for sword"
effect tree:

effects:
- askedForSword := true
- condition: grantSword == false

user action:
action text: "Earn gold"
effect tree:
effects:
- gold := gold + 50
effect text: "You have $gold now."

Listing A.3 The Initial Version of Task Two

Initialization:
- askedForSword := false
- gold :=0
- grantSword := false
- title := ’Shopkeeper example’
- scene := ’With shopkeeper’

Shopkeeper:
selector:
- condition: askedForSword == true and gold >= 50
effects:
- grantSword := true
effect text: ’The Shopkeeper grants you the sword!’
- condition: askedForSword == true and gold < 50
effect text: ’You dont have enough gold. You need 50 gold’
effects:
- askedForSword := false
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User Interaction:

- description: "The Shopkeeper stands before you. You have $gold gold."

- condition: grantSword == false
user action:
action text: "Ask for sword"
effect tree:

effects:
- askedForSword := true
- condition: grantSword == false

user action:
action text: "Earn gold"
effect tree:
effects:
- gold := gold + 50
effect text: "You have $gold now."

Listing A.4 The Complete Version of Task Two

Initialization:

- characterStrength := 0
- characterLogic := 0

- characterGold := 0

- logicQuest := false

- strengthQuest := false
- lastRequirement := 0

- questRequirement := 0

Protagonist:
#Create logic for the Protagonist following the story provided

User Interaction:
- user action:
action text: "Pass the Time"
effect tree:
effects:
- noEffect

Listing A.5 The Initial Version of Task Three

Initialization:
- characterStrength := 0
- characterLogic := 0
- characterGold := 0
- logicQuest := false
- strengthQuest := false
- lastRequirement := 0
- questRequirement := 0
Character:
selector:
- condition: logicQuest == false and strengthQuest == false
selector:
- condition: characterGold < 100
effect text: "Hello! I am in need of gold,
do you have quest for me?"
effects:
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40
41
42
43
44
45
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47
48
49
50
51
52
53
54
55
56
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60
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63
64
65
66
67
68
69
70
71
72

- askedForQuest := true
- condition: characterGold >= 100
effect text: "Thank you for the gold,
I am off to purchase the sword!"
- condition: logicQuest == true
selector:
- condition: questRequirement > characterLogic
effect text: "My logic is only $characterLogic.
I must train my logic before
completing that quest!"
effects:
- characterLogic := characterLogic + 1
- effect text: "Hello again, I completed the
quest! Can I have some gold?"
effects:
- logicQuest := false
- questComplete := true
- condition: strengthQuest == true
selector:
- condition: questRequirement > characterStrength
effect text: "My strength is only $characterStrength.
I must train my strength before
completing that quest!"
effects:
- characterStrength := characterStrength + 1
- effect text: "Hello again, I completed the
quest! Can I have some gold?"

effects:
- strengthQuest := false
- questComplete := true

User Interaction:
- condition: askedForQuest == true
sequence:
- user action:
action text: "Give a strength quest"
effect tree:
effects:
- strengthQuest := true
- questRequirement := lastRequirement + 5
- user action:
action text: "Give a logic quest"
effect tree:
effects:
- logicQuest := true
- questRequirement := 5
- effects:
- askedForQuest := false
- condition: questComplete == true
user action:
action text: "Give reward"
effect tree:
effects:
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74
75
76
7
78
79

- characterGold := characterGold + 50

- questComplete :

false
- user action:
action text: "Pass the Time"
effect tree:
effects:
- noEffect

Listing A.6 The Complete Version of Task Three

A.3 Blocks Translations

Initialization:
| Set variable EETIE to

Set variable [Z3 to « »

User Interaction:
s T The World Stares at You. [
| User Action
Action Text: | €€ »
Effects: '

Set Variables: é&tvanable to

7 sayHelio J{ = - [ftrue - )
Effect Text | 66 [EET $name." says the world.

Figure A.2 The initial version of task one in blocks.
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Initialization:
o BT=0E Y askedForSword §i
| Setvariable i o @
| Set variable TEETERD to
507 e | MM Shopkeeper exampie EL
Lgetvanmegmto' T opkeeper 4.

User Interaction:

Description

do Usér Action
Action Text 13 Ask for sword B4
Effects:

Set Variables: éei\ranable askedForSword 1)

User Action

Effects: : 3
Set Vaniables: | Setvanable [:fs) to [V qold 50
-
| .

do | Effect Text ¥ The shopkeeper grants you the sword! 2

Set Vanables:
| .

Forsword JJL = - | [and - IRUERVT i 50
NS 228 2  You dont have enouhg oold. You need 50 gold. |14

Set Vanables:

Figure A.2 The initial version of task two in blocks.
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Initialization:

(-7 protagonistStrength | L0
=177 protagonistiogic LK
R0 protagonistGold |1
=S8  logicQuest |0 false

|- 1 stengthQuest - M fal
|- | | lastQuestRequirement | |

- curentQuestRequirement |
Set variable [T to

Set variable b
etv | scene 11

User Interachion:
User Action
Action Text: 1% Pass the Time &

Effects: .
Set Variables: '.-Set variable to
N

| User Action
Action Text

Effects: :
S get variables: I srenginuest ™
| —

| User Action
Action Text: L1

Effects: .
CC5 Set variables: (5@t variable (RSN to

—
—

Figure A.2 The initial version of task three in blocks.
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