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TOWARD THE DESIGN OF INTERACTIVE STORYTELLING GAMES THAT TEACH
COMPUTATIONAL THINKING
Eric Shadrach Miller, PhD
The University of Texas at Dallas, 2021
ABSTRACT
Supervising Professor: Monica Evans, Chair

Interactive storytelling games are an emerging genre that requires greater research, especially
when they are made to teach subjects like computational thinking. The most promising avenue
for development using neural networks will require an understanding of designing procedures at
a level that few writers or game designers could train for. The most likely software architecture
for new interactive storytelling games are neural networks and these are not explainable in the
same manner that traditional sequential logic-based programs. This leads to challenges in design
for educational games and makes informal learning the first likely area for creating them. This
dissertation proposes that to deal with these challenges game design research needs to
incorporate new methodologies that utilize science fiction for speculative design. This
dissertation starts with a survey of relevant scholars and voices in the fields of interactive
storytelling, game studies, play studies, computational thinking, and science fiction criticism.

To ground the discussion, the next chapter proposes an operational definition of interactive
storytelling games as well as making the argument that these experiences are games. In the next
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chapter, the dissertation makes the case that emerging interactive storytelling games are uniquely
positioned now to teach computational thinking and that using them for this purpose could help
refine the creation of the games themselves. In Chapter 4 the dissertation explores core features
of interactive storytelling games concerning their affordances to teach computational thinking.
Chapter 5 analyzes examples of interactive storytelling games that teach computational thinking
and tests the capabilities of sequential logic-based architectures versus pattern-based
architectures, i.e., neural network-based architectures, in this case, to adapt to this purpose.
Finally, Chapter 6 makes the case for game designers and game design researchers to begin
formally including science-fiction based methodologies to design for player experiences that
could span more than a decade, have a great deal of player experience variety due to their openended nature, and that may have enlarged influence on the identity formation of the player. The
time to make interactive storytelling games that teach computational thinking is now and unlike
many other genres, research using science fiction based methodologies is key for the success and
viability of these games and the lessons they seek to impart.
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CHAPTER 1
THE NEED FOR INTERACTIVE STORYTELLING GAMES TEACHING
COMPUTATIONAL THINKING
The infinite story genie is here, and there is no putting it back in the bottle. Janet Murray,
media scholar and author of the pivotal work Hamlet on the Holodeck, describes interactive
storytelling games’ core feature where she writes that the holodeck is, “...a universal fantasy
machine, open to individual programming: a vision of the computer as a kind of storytelling
genie in the lamp” (Murray, Hamlet on the Holodeck 15). The consequences of what designers
and players do with this technology will have an enormous impact on informal learning games,
the greatest of which could be in teaching computational thinking. If designers and researchers
could use formal methods to learn from the science fiction that dreamt of infinite story machines,
the technology's possibilities would be limited only to the imaginations of those that play with
them. Simultaneously, exciting developments in interactive storytelling games may give the
illusion that the world is cheerfully progressing, its potential to transform education demands
clear-minded design. School shutdowns from COVID-19 made evident the need for a diverse set
of learning and teaching strategies that could be employed remotely. The games that could fill
this niche were inspired by science fiction inventions like the Holodeck of Star Trek, Mind Game
from Ender’s Game, The Primer from The Diamond Age that inspired the Kindle, and even the
Oasis of Ready Player One. Digital interactive storytelling games are endless stories where
anything the player imagines, they can make happen; the game continuously creates the story in
response to their actions. This kind of game presents enormous design challenges, especially for
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traditional design practices. Luckily scholars and developers like Janet Murray, Chris Crawford,
and Brenda Laurel have been thinking practically about its implementation for decades.
The field devoted to their creation has held conference meetings annually since the
1970s. In 2019 AI engineer Nick Walton, an outsider to that field, invented the first interactive
storytelling game powered by neural nets. Neural nets are the artificial intelligence structure that
drive the newest revolution in automated communication, transportation, and information
services. Neural nets mimic the brain’s neurons, which allows software to do the kind of work it
could never do before: guess-work. But with the speed and accuracy of these guesses, neural nets
are able to learn from sets of information and trial and error at superhuman speed. This is how
AlphaGo Zero learned to play Go at superhuman levels and how it discovered new openings that
transformed the game forever (Silver, Schrittwieser, et al.). This transformational new AI brings
with it important design challenges such as less precise content control and compensation for
those who have created the datasets that most neural nets require.
In the new paradigm of interactive storytelling games the genie that Janet Murray
predicted has arrived. It has taken the form of a neural net based artificial intelligence. It can
shift the setting, characters, and action of the story and the structure of play. These games can
move all along the spectrum of play: from the freedom of discovery to the discipline of mastery,
and anything in between. Versatile play structures, personalized scaffolding through narrative,
and dynamism of simulated content not only give the genre its unique play trajectory, from free
play and discovery into mastery and discipline, it also creates previously unconsidered design
problems that require new methodologies to approach. Interactive storytelling games emerge as a
game genre that demands new computational thinking methods and game design research while
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simultaneously illustrating why they are the most appropriate tools to teach the skills and
perspectives they demand of their creators.
Two significant problems stand in the way of their creation: expectations and control.
Science fiction set the precedent for what interactive storytelling games look like and the bar is
so high that often even those within the field are disappointed at giant leaps forward. Inevitably,
designers and developers will disappoint their audiences unless they carefully consider the
design challenges they face from these expectations. Not only do players have these expectations
but most creators and scholars do as well. Prominent voices in the field such as Chris Crawford,
Marie-Laure Ryan, Brenda Laurel, and Janet Murray weave the elements of virtual reality and
interactive storytelling so tightly that they can scarcely touch on the problems of procedural text
generation and design separately from issues such as immersion through 3D designed spaces and
precise facial expressions on non-player characters. AI Dungeon, the most adaptive interactive
storytelling game to date, is entirely text-based, though there are plans to add illustrations
generated by AI at a future date. While creating a fully 3D interactive environment is an
aspiration in the field, few seemed to have critically questioned the need for those features in
early versions of the genre, but they fell into the idea that these features were necessary, even
though they add immense amounts of time to project creation. The first successful digital
interactive storytelling game, Façade, took five years to build, and three years to write the
dialogue alone (The Story of Facade). The creators Stern and Mateas frist articulated the need for
global and local player agency working together in interactive storytelling. In an interactive
storytelling game, a player should be able to make small choices (local agency) that add up to
large global changes (global agency), which is not possible with most game structures. Despite
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the challenge in manipulating dialogue, setting, and character, the creators of Façade developers
had animated characters with movement and even facial expressions. This may be why an
outsider to the field created one of the first prototypes to give global and local agency that the
field has searched for since the start. The expectations of the field, its players, and its creators
make creating the prototype difficult, because they miss formal considerations of the effect of
science fiction on their collective vision. However, another explanation is that the task is much
harder with the older sequential logic-based software architecture than with pattern-based neural
net architecture. With pattern-based architectures and good datasets, one does not have to write
each piece of dialogue.
The second prominent problem designers and developers will face is the inevitable loss
of control that narrative designers are used to, and the need for game designers in the genre to
understand the importance of narrative principles that their experience does teach them. A
cyberbard, as Janet Murray calls creators of new digital narrative experiences, must be able to
design narrative experiences using procedural design tools such as affordances, player models,
and environmental design. They must also understand the importance of the emotional
experience of sentence-level detail. Professional writers know that each word and description has
the weight of a power-up placement in a level design. Authors will hesitate to give up their
authorial control, while game designers will be unprepared to analyze and critique gameplay
built entirely out of narrative play. These design choices are not best left to the AI, but instead
must be curated to a high degree to narrow the AI’s possible outputs to limit randomness.
Creators could solve both of these problems with guided speculation through science fiction.
Formal recognition of how science fiction creates game design challenges can help practitioners
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understand this emerging genre. Writers must also learn how game design creates settings and
inspiration for science fiction. Science fiction has long been a medium for invention and
inspiration. It is time for game design researchers, like ubiquitous computing researchers, to
formally adopt methods of including science fiction in their design research and practice.When
they seek to use the incredible potential of these games to teach. In that case, the field will
benefit from investigations in computational thinking for several reasons: it's meaningful
representations in science fiction, its irreplaceability as a subject for those seeking to design
using neural nets and other advanced computational tools, and for the affordances to begin
designing the genre of interactive storytelling games. The foundations of these arguments come
from a synthesis of many fields covered in the following outlined chapters.

Chapter 1 - Introduction and Literature Review

Game Design Research barely has time to keep up with the rapid changes in the field and
with the technology it utilizes. When nascent technology transforms the field, how can designers
prepare and adapt? The consequences of a lack of formal game design knowledge and
knowledge production for emergent forms can have important impacts on players, delay future
designs, and can lead to poorly created experiences. The introduction gives the structure of the
dissertation and shows how this research will provide insight into how game designers can
design interactive storytelling systems in order to teach computational thinking in informal
settings. It will also begin to illustrate how this dissertation seeks to extend the nascent methods
of game design research. Chapter 1 lays out the call to research as well as the literature review in
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the second section. In the literature review, the fields of interactive storytelling, game studies,
and with play studies and the psychology of play, are put in context and the conversations
between them are highlighted wherever relevant. In addition, the fields of computational thinking
and science fiction criticism are summarized to clarify the specific ways in which those fields
interact with this dissertation.

Chapter 2 - Interactive Storytelling Games

Interactive storytelling games are defined and the field that examines them is brought into
fuller view with significant authors and developers such as Brenda Laurel, Janet Murray, and
Chris Crawford. This chapter also explores the inevitable overlap of interactive storytelling,
game design, game design research, game studies, and play studies surrounding the psychology
of play and the phenomena of play sociologically. It argues that interactive storytelling
experiences are games, and clarifying how they are distinct in a vital way from the large body of
games that represent what most people think of as an interactive narrative. For instance,
interactive storytelling games allow for any text based input from the user and generate an
ongoing narrative from that input, which is a radically different structure from most modern
narrative games. Whether this input is written into a command line, spoken, or howled, as
Andrew Glassner discusses in one of his experiments, does not matter for this research so long as
the system can recognize meaning from that input and create a cohesive and coherent narrative
response from it and with it.
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This form is emerging, with only one widely accepted prototype of a fully functional
system--the 2005 game Facade by Michael Mateas and Andrew Stern. The chapter argues for
one additional functional prototype that fits the operational definition it presents, the 2019 game
AI Dungeon by Nick Walton. Facade is a highly designed, academically driven, painstakingly
handcrafted drama system, which proved not only that interactive storytelling systems were
possible, but that they were incredibly time-consuming to create with the available technology.
AI Dungeon is in many ways its modern foil, built with deep learning by an AI scientist during a
weekend-long game jam. The chapter also engages with the problematic nature of AI Dungeon
since it does not engage with the interactive storytelling field, using an open-source dataset of
creative works without apology, yet also does not claim copyright over the work it
collaboratively generates with players. These two artifacts are a case study, both of the field and
its current development possibility space, and the importance of game design for future artifacts.

Chapter 3 - Computational Thinking

This chapter will begin with a brief introduction of an operational definition of
computational thinking. It will also clarify the discussion’s borders because, like game studies,
computational thinking could be interpreted to have a broad set of interacting fields, such as
software studies, code studies, or new media. For this dissertation, the operational definition of
computational thinking is "...the mental skills and practices for designing computations that get
computers to do jobs for us, and explaining and interpreting the world as a complex of
information processes" (Denning, 14). While understanding computational thinking would better
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prepare learners to work within and interpret works in these adjacent fields, they are outside the
scope of this dissertation and are not the subject matter of its case studies or analysis. This
chapter is conversant with topics such as computer architecture, programming language choices,
and emerging software structures, such as deep learning situated in computer science. The
purpose of this chapter is to ground the concepts of computational thinking, and to lay a
foundation for why the field needs more games that can teach computational thinking with a
combination of narrative scaffolding, free play, and structured play. The chapter also gives an
understanding of the differences between traditional sequential logic programming and modern
neural net, pattern based, software architectures.
Chapter 4 - Input Mechanics of Interactive Storytelling Games

The combined insights from understanding interactive storytelling games and computational
thinking allow for an analysis of interactive storytelling games' unique core features. Most
importantly, these games provide a vital play structure for learning: the unique experience of
moving the player from piadia and discovery to disciplined ludus and mastery. This chapter
engages with both play studies scholars and the psychology of play scholars in order to explain
the concepts needed to show this specific play structure’s importance for learning. It then
synthesizes the features’ learning advantages with findings on how narrative and writing can
help with learning college-level computational thinking. These advantages are shown to have
benefits for students of diverse backgrounds and majors. Interactive storytelling games for
informal learning increase engagement and approachability using a combination of
personalization, narrative scaffolding, and dynamic play structures. The central role that the
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player takes in the narrative also aligns with Gee’s notion of the affordances of games for
education.
Chapter 5 - Interactive Storytelling Prototypes That Teach Computational Thinking

The purpose of this chapter is to explain both the need for interactive storytelling
designers to understand computational thinking, and the urgency and affordances of creating
interactive storytelling games that teach it. Since TaleSpin by James Meehan in 1976, researchers
in academia and industry such as Brenda Laurel, Janet Murray, Joseph Bates, Andrew Glassner,
and Chris Crawford have tried to find a way to create interactive storytelling systems or
theorized a great deal about their creation. Benda Laurel’s dissertation “Toward the Design of a
Computer-Based Interactive Fantasy System” was formative for the field and details the design
and research behind creating a fantasy interactive storytelling system. Janet Murray’s work
Hamlet on the Holodeck and its updates trace how interactive media transforms the place and
form of narrative in our culture and gives detailed insights into interactive storytelling systems
and the emerging properties of games and other experiences that share mechanics with them. Her
work, Inventing the Medium goes into great detail about interaction design and serves as a guide
for many design choices and hypotheses, gives a foundational vocabulary and methodology for
interaction design. With these works and the interactive storytelling scholars from the literature
review, this chapter engages in case study analysis of games that teach computational thinking
and compares their capabilities and mechanics to two interactive storytelling games in order to
discover the challenges in designing interactive storytelling games that teach computational
thinking. The chapter concludes that the design challenges are too significant, due to the length
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of iterations and the range of play possibilities, without adopting new speculative methodologies
and new understandings of the relationship between computational thinking and game design.
Chapter 6 - Science Fiction Codesigning Interactive Storytelling Games

The design of educational interactive storytelling games resists traditional design methods,
especially iterative ones. In order to move beyond them, and having explored design principles to
teach computational thinking with them in the previous chapter this chapter argues that
speculative methods are needed. A parallel solution was found for ubiquitous computing in the
article ‘‘Resistance is futile: reading science fiction alongside ubiquitous computing.” In it Bell
and Dourish write that
What we have attempted to demonstrate here is that by reading the ubiquitous computing
literature against science fiction literature, and by examining these two different yet
related ways of conceiving of the relationship between science and society, we can cast
light upon the contexts in which technology is deployed and the narratives that motivate
specific sorts of designs—narratives of progress, individualism, surveillance, etc.
Reading the research literature as in some ways ‘‘fictive’’ is not intended to denigrate or
dismiss it; rather, we want to draw attention to the ways in which both science fiction and
the research literature are founded upon acts of collective imagination and that any
imagination of a possible future is grounded in expectations, frustrations, and
understandings of the present. (778)
This chapter includes an extended argument about close reading simultaneously of game design
research and science fiction. It also flips the technique and explains the process of reading
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science fiction as a game design document in order to show a parallel technique for analysis.
This is in the spirit of what game design researchers Paul Coulton and Alan Hook call for in their
writing on game design research (Coulton and Hook 98).
The primary science fictional text that this chapter engages with is Neal Stephenson’s
Primer depicted in The Diamond Age (Stephenson, The Diamond Age). The Primer is an
interactive book that tells a set story from beginning to end in an anfractuous, or ever expanding,
way. It is an interactive storytelling game that teaches computational thinking in an informal
setting. The text interaction and its specific focus on teaching computational thinking, not just
programming, is exactly the vision that warrants analysis both to understand the potential of
interactive storytelling for this purpose, and to critique that vision in order to glean important
game design knowledge.
Fortunately, many major scholars have already begun this work. This chapter has only to
further it using the methods described above, to illustrate specific points about the Primer and
learning computational thinking through interactive storytelling systems. For instance, the
Primer’s use of dark fantasy parallels research by the MIT education arcade into the response of
adolescents to gritty fantasy (Klopfer et al. 40). The ability of the player to modify text as they
play also allows for a shift from a top-down education model. A similar set of features has been
adopted by AI Dungeon 2 (Walton). And finally one of the most vital design principles that is
nearly unique to the primer is that it is anfractuous and can delve into details around a single line
of the story until it becomes volumes of dramatic experience. Through a close reading and
analysis of the Primer and of surrounding science fiction criticism, designers can speculate on
principles that might have taken them years to consider through traditional methods.
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With the aforementioned methods, close reading, and support from science fiction
criticism, this chapter extends Marie-Laure Ryan’s argument that the fictional educational tool
the Primer--as created by Neal Stephenson in his seminal novel The Diamond Age--is the ideal
adaptive and immersive storytelling system, and argues that the Primer also represents the ideal
vision of interactive storytelling systems teaching computational thinking. Additionally, the
chapter considers and critiques The Primer from the standpoint of current educational research
and in light of its potential influence on digital interactive narrative systems, as Stephenson
himself hoped designers and developers would. (Stephenson, “Innovation Starvation” 16).
Furthermore, it traces the influences and overlaps of the Primer in the case studies examined in
previous chapters. The critique of the shared vision focuses on the lack of social learning
depicted in the Primer, and on the emphasis of individual learning over a learning community.
All together, these analyses allow for an examination of multiple perspectives on the conversant
designs of interactive storytelling games.

Chapter 7 – Conclusion

The interdisciplinary nature of games studies and computational thinking points towards areas of
further research. The conclusion addresses the limitations of that research. Due to the scope of
this analysis and the synthesis that it seeks, the next step would be game design through research
or speculative fiction for design. This work seeks to prepare the stage for both. Furthermore,
after game design research through design, the conclusion advocates game development research
that I’d pursue myself, utilizing my background in game design and development. These next
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steps would prove invaluable not only to creating more functional and delightful designs for
interactive storytelling games that teach computational thinking, but to speedier development and
to usher in new design perspectives. There is also the search for more topics for the content of
these learning experiences, as well as research into how best to approach their design when
incorporated with interactive storytelling games.

Conclusion - A Guide From Science Fiction

The fields of interactive storytelling, computational thinking, and science fiction overlap
in the emerging genre of interactive storytelling games that teach computational thinking. The
design of these games necessitate an inclusion of guidance from science fiction and point toward
the need for guidance from game design for science fiction. Game design research does not yet
formally include science fiction analysis and science fiction criticism in its processes, even
though the emerging nature of game technology and innovation around game mechanics are
cogenerative with science fiction. The game design itself is often cogenerative with science
fiction, and yet there is no formal method developed to include science fiction analysis and
science fiction criticism in game designs for genres where such speculation is necessary.
For many game genres that exist now, the iterative process informally involves
inspirations from science fiction and rarely goes further; however, few genres are as inspired by
science fiction as interactive storytelling. Hamlet on the Holodeck, Computers as Theater, and
Chris Crawford on Interactive Storytelling,three of the most influential works in the field of
interactive storytelling, all reference and utilize the design concepts around the holodeck to
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explain core features of the game genre. Every game in this genre will owe the inspiration for
their mechanics directly to science fiction writers, and they will find their audiences' expectations
are shaped by them. To leave science fiction and criticism out of the design conversations would
leave out the insight and the understanding of those expectations. Without science fiction
criticism and analysis problematic design decisions remain unexamined. It would doom these
games to make mistakes that science fiction authors and critics describe. This is evident when
one analyzes the science fiction associated with these games, it could take years to see any of the
consequences of design decisions around them.
Through science fiction speculation guided by design and development, authors,
designers, developers, and design researchers can provide important insights for the future of
these games. For science fiction authors to best guide through their speculation, they must allow
game design and development to inform their practice. Neal Stephenson, a prominent science
fiction author, is a self-taught tinkerer in computers, and who switched majors so he could scam
more time on his university’s mainframe computer (The SF Site: A Conversation With Neal
Stephenson; Stephenson, Snow Crash). He was clearly influenced by his understanding of
computational thinking and game design and development when he wrote The Diamond Age,
which gives detailed designs for an interactive storytelling game that teaches computational
thinking. Analysis of this work gives important insight into how interactive storytelling games
that teach computational thinking could be designed, and the consequences of those choices.
Reading the science fiction criticism along with primary science fictions sources leads to
important design research questions and answers, this could save years of development time. In
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order to more clearly understand how, a broad overview of the interacting fields follows in the
literature review.
LITERATURE REVIEW
In 1974 James Meehan, an Artificial Intelligence researcher, began his dissertation on the
Metanovel, which had been suggested to him by Alan Perlis (Wardrip-Fruin 115). The
Metanovel is a novel that takes advantage of all computational affordances to write stories from
a single thread that personalize to every reader (Ibid). James Meehan’s goal was not to create the
Metanovel, rather he hoped to bring the field of Artificial Intelligence a little closer to the goal.
The field is much closer now and James Meehan’s dissertation and his following work on the
program TaleSpin in 1976 inspired researchers in academia and industry such as Brenda Laurel,
Janet Murray, and Chris Crawford. These researchers and many more have tried to find a way to
create interactive storytelling games or theorized about their creation. Benda Laurel’s
dissertation “Toward the Design of a Computer-Based Interactive Fantasy System,” was
formative for the field and details the design and research behind the creation of a fantasy
interactive storytelling system. Janet Murray’s work Hamlet on the Holodeck and its updates
trace how interactive media transforms the place and form of narrative in our culture and gives
detailed insights into interactive storytelling systems and the emerging properties of games and
other experiences that share mechanics and other properties with them. Her work, Inventing the
Medium goes into great detail about interaction design and serves as a guide for many design
choices and hypotheses, as well as giving a foundational vocabulary and methodology for
interaction design. Chris Crawford’s tireless evangelizing for interactive storytelling, as Janet
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Murray calls it, led him to create “several instantiations of authoring environments for expanding
the expressive power of interactive storytelling” (Murray, Hamlet on the Holodeck 213).
Advances in artificial intelligence have finally made so much of what they worked for possible.
In many ways this dissertation represents a synthesis of voices and an extension of the
conversation between Janet Murray, Brenda Laurel, Chris Crawford, and many others in the
Interactive Storytelling Field and in surrounding fields. In addition, this dissertation adds to the
conversation voices from Computational Thinking, Ubiquitous Computing, and Science Fiction
in order to show how new methodologies around science fiction are needed to bring about
interactive storytelling games that teach computational thinking. Because this genre is emerging,
the only two games that fit this dissertation’s operational definition of interactive storytelling
games, Façade and AI Dungeon, are of primary importance as objects of analysis and the
creators of Façade also contribute a great deal in their academic writing about procedural
authorship. Nick Walton, the creator of AI Dungeon, has yet to add his voice to the interactive
storytelling field, and though he does participate in interviews utilized in this dissertation.
Knowing that these two games exist and represent a spectrum of interactive storytelling games is
important for understanding the state of the field as is the following review of the fields and
scholars mentioned above.
INTERACTIVE STORYTELLING FIELD
Janet Murray’s Hamlet on the Holodeck predicted a wide spectrum of narrative forms and
interactivity, most of which exist today. The affordances she points out for the digital medium
are key to understanding the potentials of interactive storytelling. In the 2016 update before she
describes the affordances and her vision of their relation, she says, “The four affordances
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identified here link to the characteristic pleasures of the medium, interactivity, and immersion,”
(Murray, Hamlet on the Holodeck 94). She goes on to explain that procedural design and
participatory design create what is colloquially called interactivity, or the experience of agency
(Ibid). A well designed fit of shaping interactor behaviour and computer behaviour, “... lead to
the characteristic pleasure of agency,” (Ibid). She writes that when spaces are coherent in their
navigation and sufficiently deep and detailed they can immerse us as “... an alternate to the
disordered actual world of everyday experience,” (Ibid). Finally, she writes of how interactivity
and immersion blend and become symbiotic, one feeding into the other and bolstering it (Ibid).
What Murray is describing here is the spectrum of interactive storytelling games. Interactive
storytelling games rely on immersion and interactivity in a deep and detailed environment where
navigation, whether it is through text or other spaces, needs to be designed well enough to
disappear into the background. The challenge of interactive storytelling cannot be wrapped up in
the interface, otherwise, immersion will not occur and the interaction with the dramatic
experience will be hindered. Not only does Murray illustrate these principles here, but she aides
in differentiating experiences through the construction of a spectrum. When the shaped interactor
behaviour has to do with making choices about how a dramatic experience unfolds, then the
interactor is on the spectrum of interactive storytelling games. From Murray, one can imagine
that some of the first interactive storytelling games will be like novels or cinematics that the
player can interrupt at any moment in a way that conforms to the dramatic action of the
experience.

17

Dramatic action is a particularly pervasive and influential topic in interactive storytelling.
Brenda Laurel’s work Computers As Theater does a great deal to explain not only the framework
for the possibility and effects of interactive storytelling, she maps that specifically to dramatic
theory and plot (Laurel, Computers as Theatre). In a 2017 keynote speech to Weird Reality she
cites and expands upon her analysis of the effect of interaction on plot and specifically Freytag’s
Triangle, which she says interaction turns into a spider (Laurel, Perennial Challenges in Virtual
Reality Design). Because a normal plot is constrained to a single linear sequence of events, it
takes the form of a triangle and Freytag’s explanation shows how that triangle maps onto
dramatic experience (Freytag). When interaction becomes involved Freytag’s linear tool is no
longer sufficient to explain the multiple plots that emerge. So a spider’s legs become a better
illustration, with each of the legs a separate sequence of experiences first had by each user as a
dramatic experience, and later given narrative form in its retelling (Laurel, Perennial Challenges
in Virtual Reality Design). One of the critical expansions she makes to her analysis is that she
says this triangle turned spider is not designed beforehand in modern experiences, but instead
users are given the situations and affordances to guide them toward the variation they enact and
the leg of the spider they create. This is what Chris Crawford says when he says that starting
with plot is a mistake (Crawford, Chris Crawford on Interactive Storytelling 58). Janet Murray’s
description of the procedural author who uses the procedural affordances of the digital medium
to allow users to create the plots in their narratives is the same kind shown here (Murray, Hamlet
on the Holodeck 346–48). Laurel shows historical places and modern analogs where these kinds
of plot creation were happening already. From Medieval stage theater, to the design of
renaissance faire grounds, to improvisational acting, including as occurs in roleplaying, Laurel
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shows the evolution and multiple forms of the effects of interaction on plot (Laurel, Computers
as Theatre 200–09). Her analysis goes beyond most others in its attention to how space and
action beyond interpersonal interaction impacts the dramatic structure, and that she considers the
role of a participant who is performing with computer-aided prompts as part of the program,
rather than as a traditional user.
Chris Crawford is an industry figure so tied to interactive storytelling games that his work
is nearly synonymous with them, though he believes that much of his work did not succeed. In
his final speech before leaving the board of the Games Developer Conference, which he helped
found and which started by meeting in his home, he declared that the failure perceived by the
industry was not his own, but a failure of the culture to recognize his work's worth. In what is
known as the dragon speech, due to his use of a dragon metaphor for chasing the dream of
interactive storytelling, Chris Crawford quotes a reviewer of his final game who says that his
game was probably the most artistic game yet made, but it wasn't fun so it was a failure (Moss).
He also says that the game is the best way to learn about the environmental impact of certain
decision making (Moss), though he doesn't delve further into the ties between his interactive
storytelling game and learning, except to say that play is learning. Chris Crawford also wrote two
seminal texts on game design and interactive storytelling specifically. His first work, The Art of
Computer Game design is the result of years at Atari (Moss; Crawford, The Art of Computer
Game Design). His second work, Chris Crawford on Interactive Storytelling, explains interactive
storytelling games, what they will be, how they might impact entertainment, and why he sees
them as separate from games (Crawford, Chris Crawford on Interactive Storytelling). While
Chris Crawford makes the argument that interactive storytelling experiences are not games, he
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goes on to define games and then to say that interactive storytelling experiences fit his own
definition and that the distinction he draws is one meant to give further understanding (Crawford,
Chris Crawford on Interactive Storytelling 47). While the distinction is useful in his context and
at the time of his writing, especially when addressing an industry audience that often demeaned
the story as he writes in his work (Crawford, Chris Crawford on Interactive Storytelling 52). He
quotes game industry leaders, like John Carmack, who say that story is unimportant but expected
in a game (Ibid). it does little to explain the tie between games and interactive storytelling, and if
anything obfuscates the issues needed in this dissertation. It's for this reason that this dissertation
emphasizes the connection between games and interactive storytelling experiences and defines
them as specific types of games rather than for any particular disagreement with Chris Crawford
or those who also want to emphasize their differences. Many of the distinctions that Chris
Crawford draws about interactive storytelling games are incredibly useful to this research. The
distinction he draws between interactive stories and interactive storytelling (storytelling is an
interactive process where stories are not just data that is displayed in different ways given text,
but are actionable elements) (Crawford, Chris Crawford on Interactive Storytelling 156). Many
of Chris Crawford's insights into the genre of game that he devoted so much of his work and life
to are invaluable to not only explain interactive storytelling, but to guide research into their
creation. Even his distinction between interactive storytelling and games, and his own struggles
in creating them, will prove useful in illustrating why the normal iterative development preferred
in the games industry is insufficient to produce these games.
Finally, the creators of Façade, add significantly to the conversation about what it means
practically to be a procedural author, or an interactive storytelling game designer. The game,
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which was originally made as a research project from the Oz group, which had been working on
interactive storytelling systems for years, also set the stage for several academic publications by
Stern and Mateas. Both articles add different perspectives and insights ranging from
understanding the reasons why creating interactive storytelling games is desirable in general, to
specific artificial intelligence solutions for creating them, and even clear evidence that processdriven narrative requires mastery of advanced computational thinking concepts. (Mateas and
Stern, Façade: An Experiment in Building a Fully-Realized Interactive Drama; Mateas and
Stern, “Writing Façade: A Case Study in Procedural Authorship”). As the creators of the first
widely recognized interactive storytelling game, it is only fitting that their voices should pervade
this dissertation.
GAME STUDIES
Within game studies and the interdisciplinary conversations that happen within it, I am in
conversation, especially with game design research, interactive storytelling, play studies, and
games-based learning. Because my methodology concerns game design research, those
conversations begin in and build upon the dialogue around game design. Tracy Fullerton,
Katherine Isbister, Raph Koster, and Chris Crawford all write on how to practice game design
and give their heuristics, theories, and experiences in their practice of game design. These
conversations often mix voices from industry and academia. Much of the methodology of game
design has its roots in industry practices such as post-mortems, and therefore, the examination of
post-mortems, game design descriptions, and best practices are all critical references and
guideposts for game design research.
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Tracey Fullerton, game designer and chair of Interactive Entertainment at USC, wrote
and updated her Game Design Workshop book since 2008, which in 2018 had its fourth edition.
This work is key to understanding how much of the industry approaches game design, and how
vital the iterative process is to the development of most games. Fullerton’s work covers a broad
swath of sources that are common in the industry as well, from postmortems, to industry
interviews, to cast studies of specific games and design instances. Her work serves as a central
text not only for understanding how game design is practiced in academia and the industry, but
for understanding the current state of game design research for specific games and its evolution
through the editions of the book.
This dissertation attempts the messy and challenging work of trying to join in the
complexities and interwoven nature of game design that recognizes that games are both
intentional and material objects and honors the origins of game design knowledge production
even as it seeks to further the formalization and clarify the methods surrounding game design
research. This attempt puts this work in direct conversation with authors such as Jesper Juul,
Henry Jenkins, Ernest Adams, Joris Dormens, and Greg Costikyan who give formal definitions
of games and attempt to describe their multifaceted aspects and the interactions of those
attributes, such as how narrative and gameplay overlap and create paradoxes within the artifacts
where they coexist.
In addition, this work is in conversation with the emergent field of game design research,
which itself draws from diverse fields such as architecture and narrative design, (Lankoski and
Holopainen p 1-6). Game design researchers Jussi Holopainen, Staffan Björk, Sus Lundgren, and
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Petri Lankoski not only seek to further the formalization of game design research, but call for
more work in the field in order to develop the culture and specify the methods and
methodologies practiced within it. In their article and later book on patterns in game design Jussi
Holopainen, Staffan Björk attempt to formalize and catalogue mechanics, which the field has
struggled to do. While many game designers have written about their experiences and
communities of practice have formed around understanding game design for the purposes of
their own design, formal research practices are in an emerging stage. Game studies professor
Petri Lankoski and Human Computer Interaction professor Jussi Holopainen in 2017 brought
together relevant articles on how to approach game design research as distinct from other fields.
As part of this collection, in the article “Games Design Research Through Game Design
Practice,” Paul Coultan and Alan Hook further specify the history and modes of game design
research, distinguishing three main types of game design research using Christopher Frayling’s
framework: Research about game design; Research through game design; Research for game
design (qtd in Coultan et al. p 99). Coultan and Hook also call for the expansion and clarification
of methods in game design research, especially by adaptation of methods from other fields of
design. The research in this dissertation is for game design as it specifically attempts to answer
the question, how can we design interactive storytelling games that teach computational thinking
in an informal setting. In that it also adapts methods from other design fields, it is also research
about game design research methods.
PLAY STUDIES
In his essay, “Against Procedurality,” Sicart makes the argument that while these
definitions and rhetorics around games have given a great many tools to theorists and designers,
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their silence on and exclusion of the player and play leave out a great deal that needs to be
understood to discuss games and their meaning (Sicart, “Against Procedurality”). Sicart argues
that it is in the act of play that the meaning of the game is created and it is only through that
interaction that the game has meaning. [As he describes them, the proceduralists do not account
for this, and as he points out, it shows in their design as a lack of accounting for the player
making meaning. The artist statements that he catalogues show this attitude both when they
explain games that supposedly have all their meaning embedded in their rules, and when they
talk or write about an audience uncovering truth rather than creating meaning from their
interactions ((Sicart, “Against Procedurality”). For Sicart, the game's meaning happens in the act
of play, and the game is a trigger of that communication. Sicart traces the effect of the theory of
proceduralism on the design of games that ascribe to it and critiques play-centric design when he
writes, ”Even though Swain, like Fullerton (2008) and Zimmerman and Salen (2004), is an
advocate of play-centric design, his understanding of play-centrism is reasonably influenced by
proceduralism: play centric only means that games are developed with players involved in the
design process, but not claiming that the meaning of the game is conveyed in the act of play.”
The words do not fully dictate a conversation’s meaning, but the whole act constitutes the needed
context.
FREE PLAY
Free play is a concept that was first clearly described by the french sociologist Roger Caillois.
Caillois defines free play as paidia and the rule bound play that he believes it moves toward as
ludus (Caillois 27–29). He writes that paidia is characterized by, “...an almost indivisible
principle, common to diversion, turbulence, free improvisation, and carefree gaiety is dominant.
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It manifests a kind of uncontrolled fantasy...” (Ibid 13). He goes on to describe ludus, which he
says is at the other end of the pole of play (Ibid). As he describes it, ludus is the binding and
disciplining of paidia, and he later characterizes it as, “...the pleasure experienced in solving a
problem arbitrarily designed for this purpose...” (Ibid 29). On the spectrum between paidia and
ludus lies an infinite variety of play, so that almost no play is wholly comprised of either
exclusively, and even the view of paidia as ruleless is a misunderstanding, as in paidia the rules
are invented dynamically or are unspoken and in flux, not entirely absent. Henricks notes this in
his essay on Caillois, discussed in more detail later. Caillois himself writes that it covers the
“spontaneous play instinct” from laughter to exploration in animals until, “Soon there is born the
desire to invent rules, and to abide by them whatever the cost” which is, “...complementary to
and a refinement of paidia, which it disciplines and enriches” (Ibid 27-29). Inventing impromptu
rules for a game to keep the fun alive is at the heart of free play, whether the rules are spoken or
unspoken, enforced by points made up in the moment (which probably no one remembers to
track by the end) or through subtle social cues and interactions from smiles to yells of joy.
Interactive storytelling games move from one form of play into another, from dramatic
experiences framed by games within the narrative to free form flying through the air with jet
packs or magic spells. A player could go from splaying a game of chess in one scene, to a pick
up game of baseball in the next, to flying on a dragon in the next. The limit of the dramatic
experience is not wholly built in beforehand, and half the fun of the game is the freedom to move
between actions and settings in collaboration with the system and any other players. The
difference between an interactive storytelling game that teaches computational thinking and one
that does not is that every scene in the teaching game will lead back to or relate to the subject
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matter. The scene with a chess game might highlight the sequential logic of thinking through
future moves, or get the player wondering about AI and automation by having them play IBM’s
Deep Blue and visualizing the methods that it used to beat chess champion Gary Kasperov. The
baseball game might be with robots that they player needed to construct and instruct on the basic
rules of baseball before playing, and the dragon that the player flies on might be the wise and
powerful keeper of time, who explains the function and vital aspect of clocks in his automated
kingdom as he flies the player to the Central Logic Tower and shows them a vivid fantasy based
metaphor for a central processing unit. Interactive storytelling games synthesize narrative and
fantasy all while retaining the incredible simulative power of computing with the speed of
modern machines. Through giving the play collaborative power not only on the story, but on the
rules of the game, interactive storytelling games open up the entire range of human play
experiences, even ones such as wan and kredati that Callois briefly describes.
In explaining his choice of the word paidia, which he writes means child, he also writes
that free play is seen differently in different cultures and that one can interpret a great deal about
a civilization based on its play styles and definitions. For instance, he also writes of concepts of
free play in Sanskrit (kredati) and Mandarin (wan). Kredati, which encompases play by adults,
children, and even animals, is most specifically, “... sudden and capricious movements provoked
by a superabundance of gaiety and vitality. It applies equally to illicit sex relationships, the rise
and fall of waves, and anything that undulates with the wind” (Ibid 27). The play of an
interactive storytelling game, even a text based one, might capture this with the rhythm of the
text through poetry, sexual encounters, or having the player embody an animal. The design
challenge in interactive storytelling games is more often how to limit the play and what forms
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will be appropriate for the audience, than how to add the possibility of a particular way of
playing. To describe wan he goes into greater depth, starting by writing, “The word wan is even
more explicit, as much for what it defines as for what it avoids defining, i.e., specifying games of
skill, competition, simulation, and chance. It manifests many refinements of meaning...” (Ibid
27). For those refinements of meaning, the spectrum is broad and Caillois dissects many different
words for play from Mandarin which range in meaning from meditation to tumult, to pleasure in
simulating and all Caillois defines as forms of free play, or ways of speaking about piadia with
varied emphasis and cultural implications (Ibid 33-35). The spectrum of play is not only long
between ludus and piadia, but it is wide, with an infinite variety of expression in the focus of the
play, and interactive storytelling games can evoke and engage in those attitudes and in doing so
can collaborate in the creation of motivating play for any individual. The focus on free play has
more to do with the capabilities of computation from this point before. Before architectures like
neural nets modeled pattern recognition based thought architectures, the range of digital games
fell far more often on the side of ludus and other sequential set-rule based play. Once designers
and developers begin to understand and utilize pattern based architectures, and once they begin
to trust the collaborative process with their players, the range of play feelings they can evoke will
only be within the full sample of human play emotions and therefore, human motivations.
FREE PLAY IN PLAY STUDIES
Play studies has its own definitions of play, from which definitions of free play originate.
To understand the difference between play and free play in the context of play studies, a short
analysis of some key definitions of play is needed. Henricks compares and contrasts Huizinga's
definition of play to Caillois' which he says was written in reaction to and in order to critique
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Huizinga's. I've organized the key aspects into a chart with emphasis added to highlight the
differences. I’ve also added a column comparing Henrick’s own definition. The two left columns
are adapted and quoted from Henrick’s essay analyzing Callios’ Man, Play, and Games from
page 166, but the rightmost column is my own interpretation of his representation of a definition
of play taken from Play as a Pathway to the Self, where he summarizes ideas he first put forth in
Play and the Human Condition:
Table 1: Comparison of Huizinga, Caillois, and Henricks
Huizinga reordered from

Caillois reordered from Henricks From (Henricks Play as a

(166)

(166)

Pathway to the Self p252
Self-regulating (relying on participants to

it is voluntary;

free—that is,

begin, sustain, and monitor the event) play

nonobligatory;

as activity

separate—cut off; and
it is different from

unproductive—an

ordinary affairs, especially expenditure that does

consummatory (focusing on achievements

in its disregard for

not create wealth or

and experiences within the event itself) play

material interest;

goods;

as action

fictive—that is, it is
it is secluded or limited by “accompanied by a
special times, places, and special awareness of a Episodic (centering on limited bursts and
cultural configurations;

second reality or of a
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repetitions of action) play as activity

free unreality, as
against real life”

assumes the competitive
character of play and
focuses instead on how it
tends to emerge as a
limited, orderly world—
remains consistent with
his attempts to safeguard
settings where creative
social interaction (and,

uncertain—in the sense

ideally, cultural

that the results are not

Largely unpredictable (prizing unforeseen

innovation) can occur.

known beforehand;

circumstances) play as interaction

it explores tension and

contestive (featuring a vigorous exchange

balance within a

between player and play object) play as

framework of rules;

rule bound;

interaction

It is characterized by

transformative (featuring an assertive stance

secrecy and disguising.

toward the world) play as action

From this table, certain themes and evolving ideas of play can be noted that are key to
examining the unique affordances of digital interactive storytelling games examined in later a
chapter.
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FREE PLAY IN PSYCHOLOGY
Play and learning in psychology are inextricably linked in the work of Stuart Brown, and Peter
Gray, who focuses on free play explicitly. Both summarize a great deal of psychological research
in order to make their points about play. Dr. Stuart Brown, who heads the National Institute for
Play, approaches play from a therapeutic standpoint and argues for the importance of free play
for growth in a manner that parallels Thomas Henrick’s claims. Peter Gray, an evolutionary
psychologist who studies play in hunter gatherer cultures, advocates for informal learning
through free play with diverse age groups. For designers and game design researchers,
understanding the overlaps and differences in Brown and Gray and more generally how the
concept of play differs in psychology when compared to other fields can help to foster an
understanding of how to create opportunities for free play and learning simultaneously through
informal learning and the experience of interactive storytelling games.
Brown's own definition of play fits well into the chart shown at the beginning of this
chapter. His principles, which he writes of in his book, Play, he anecdotally shares that he first
presented to a room of engineers also as part of a chart meant to soothe their desire for
objectivity. His principles presented here next to those of Henricks repeated from the chart
above:
Table 2: Comparison of Brown and Henricks
Brown's Properties of Play
(Brown 17)

Henricks From (Henricks, Play 252)

Voluntary Inherent attraction

Self-regulating (relying on participants to begin, sustain, and
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monitor the event) play as activity
Apparently purposeless (done

consummatory (focusing on achievements and experiences

for its own sake)

within the event itself) play as action
Episodic (centering on limited bursts and repetitions of

Freedom from time

action) play as activity

Diminished consciousness of

Largely unpredictable (prizing unforeseen circumstances)

self

play as interaction
contestive (featuring a vigorous exchange between player

Improvisational potential

and play object) play as interaction
transformative (featuring an assertive stance toward the

Continuation desire

world) play as action

While there is definitely overlap, Brown’s definition when compared to Henricks, illustrates the
lenses of their fields. Brown’s definition focuses more on the internal experience of the player
while Henrick’s focuses more on the sociological concerns with play as events and social
interactions. In Play: How it Shapes the Brain, Opens the Imagination, and Invigorates the Soul
Brown goes into a more specific explanation of each area of his definition of play following the
inclusion of his chart. His explanations of his definition are worth exploring both for their
overlap with play studies, and for their eventual cohesion with piadai.
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COMPUTATIONAL THINKING
Finally, to move beyond the dichotomy of informal and formal learning, and to look at
the mechanisms and design guides that come from considering learning in informal settings in
isolation, rather than in opposition, I turn to the arguments of Maureen Callanan, Christi
Cervantes, and Molly Loomis in “Informal Learning.” The authors, who are professors in
Psychology, Child Development, and Education respectively, argue for five dimensions of
informal learning that I use to research informal educational design mechanics and to understand
the needs of informal learners. Intertwined with my research into learning is my research into the
subject matter I am concerned with teaching: computational thinking.
A foundational text for the understanding of computational thinking is Peter J. Denning
and Matti Tedre’s comprehensive work Computational Thinking. In this text, the authors
describe the history of the field from its rise in academia and the contentions surrounding it
especially with computer science departments, where some viewed the emergence of the field as
a method for those who had opposed computer science to appropriate their findings and modes
of thinking, to the catalyst paper by Jeanette Wing, then of the NSF, that led to widespread
adoption of the terminology and idea of computational thinking as literacy. Denning and Tedre
also delve into what the field of computational thinking includes and excludes, and how new
hardware or even software architectures such as quantum computing (hardware) and neural
networks (software) transform traditional computational thinking and require new modes of
understanding jobs done with computers. I engage with their definitions, discussions on the
specific nature of the field of computational thinking, and their presentation of historical context.
For additional historicizing and for an understanding of her catalyzation of the phrase
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“computational thinking,” I engage with Jeanette Wing. Her work at the NSF not only
popularized computational thinking as a phrase to a much wider audience, but gave the term
clout for grant raising, and transformed its meaning to practitioners. For opposing viewpoints on
the usefulness of the phrase, I discuss the works of Mark Guzdial, Alan Kay, Cathie Norris, and
Elliot Soloway. In order to differentiate computational thinking from programming with a
pedagogical lens, I discuss “Thinking About Computational Thinking.” For assessment, I
examine the resource, “Psychometric Computational Thinking Test,” by James J. Lu and George
H. L. Fletcher, Julio Santisteban and Jennifer Santisteban-Muñoz. Another important source for
me is Cabo and Lansiquot, as they trace the overlap between writing pedagogy, narrative, and
computational thinking and show how merging the subjects can be a successful multidisciplinary
intervention to teaching either composition or computational thinking.
It is also important to note that while many important scholars in the fields of media, new media
scholars, software, and critical code write on topics that pertain to computational thinking, the
breadth and depth of their discussions is outside the scope of my dissertation. I am focused on
computational thinking as a field in its own right and how to best teach it using interactive
storytelling rather than on the many fields that computational thinking has become a core part of.
I do argue that learning computational thinking can only enrich one’s understanding of these
other fields. Finally, a field that I feel is vital to bring into the formal conversation of game
design research, especially of emergent forms, is science fiction and science fiction criticism.
While a handful of interactive storytelling systems that teach computational thinking
exist today and serve as my case studies as previously mentioned, none come close to the level of
interaction and immersion that field imagines they can. In researching the design of these
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systems, it is as vital to look at the visions of them depicted in science fiction as the
implementation of prototypes or first attempts with recent technology. Recently, advances in
artificial intelligence and natural language processing have made these visions seem much nearer
than in the last two years, and this emerging genre’s designers will undoubtedly use examples in
science fiction to guide their designs, as they already have. I seek to contribute to the field by
more formally recognizing the influence of science fiction on the game design process and by
showing how knowledge production for design works in conversation with science fiction and
science fiction criticism.
UBIQUITOUS COMPUTING
The field of ubiquitous computing is relevant to this dissertation for two reasons: first it has
formally adopted a science fiction methodology called science fiction prototyping, and second,
many interactive storytelling games will be manifestations of ubiquitous computing, as AI
Dungeon is, since it is a mobile game as well as a web based game.
Within the field of ubiquitous computing, Brian David Johnson, who first invented
science fiction prototyping at intel, adds to the field his own work on the methodology he
developed and how to approach it in the way that he and his colleagues did (Johnson). In
addition, the design researchers Dourish and Bell, outline their own science fiction methodology
focused on critical reading in their article, “‘Resistance is futile’: Reading Science Fiction
Alongside Ubiquitous Computing” (Dourish and Bell). Finally, from the Serious Gaming
Institute Jim Hensman outlines how to use the idea of writing holonovels specifically for science
fiction prototyping in his article “The Holonovel — A Powerful Methodology for Prototyping
and Creating the Future” (Hensman). Despite being part of the Serious Games Institute, the paper
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does not address prototyping for games specifically and this dissertation seeks to build a bridge
between these methodologies as adopted by ubiquitous computing and game design. In order to
do so, it also engages with Science fiction and argues for specific methodology alternations from
those found in ubiquitous computing.
SCIENCE FICTION
The core of my conversation with science fiction criticism centers on Marie-Laure Ryan
and her chosen example of the ideal immersive and adaptive storytelling system in science
fiction (Narrative as VR 20). I place the conversation in the context of science fiction scholars. In
support of the expansion of methods and methodology I engage with Seo-Young Chu’s argument
in Do Metaphors Dream of Literal Sleep? where she argues that the lyric and narrative form of
science fiction makes it both figurative. Her thoughts and examples expand my understanding of
my own methodology and the depiction of technology in The Diamond Age as both figurative
and literal. Graham Murphy and Sheryll Vint’s edited collection, Beyond Cyberpunk, helps place
the work that Marie-Laure Ryan analyzes, Diamond Age, in context as it grew from cyberpunk,
steampunk, and nanopunk roots. Her contextualizes the differences between Diamond Age and
those science fiction works it inherits from. Ralph Miranda Huereca describes how The Diamond
Age moved beyond many of the tropes of cyberpunk and helped define post-cyberpunk. Darko
Suvin in Metamorphoses of Science Fiction shows how the mirror of science fiction "..is not only
a reflecting one, it is also a transforming one," (25). One of the major arguments in this work is
that science fiction is the literature of estrangement, and the relationship it traces to earlier works
on utopia and of satire helps situate Diamond Age and the science fictional setting and writing in
it, especially its own homage to Dickensian literature. With the foundation of Darko Suvin's
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understanding of the placement of science fiction, I turn to Istvan Csicsery-Ronay Jr.’s concept
of mutopia as an indeterminate grey area between dystopia and utopia, which helps to
contextualize my extension of Marie-Laure Ryan’s argument through both a critique of the
interactive storytelling system and holding it up as an ideal for comparison. This informs my
game design choices and helps me to establish a connection between science fiction, informal
learning research, and game design research.
In addition to the works that help with my core argument, several other critics help place
The Diamond Age and the conversation within a larger science fiction criticism context. For
instance, Jo Walton's What Makes This Book So Great, not only discusses another of
Stephenson’s novels, Anathem, but adds useful commentary to the importance of setting in
science fiction. Adam Roberts Science Fiction guides my discussion of terminology and
historical context. Anne Balsamo’s “Moving Data: The iPhone and the Future of Media,”
illustrates a mapping of Stephenson’s Primer onto current technology, and I am also in
conversation with this piece when writing about the importance of diegetic feedback. Samuel
Delaney’s multiple works on the language of science fiction assist my analysis of the
descriptions of technology in The Diamond Age and his essay "Racism and Science Fiction,'' is
important for analyzing the treatment of phyles in Diamond Age. The Futurians Damon Knight
helps put Stephenson’s own essay about the golden age of science fiction in context. Insights
from Biomedia by Eugene Thacker expands my understanding of the nanotechnology in
Diamond Age. Raymond Williams’ analysis of culture and society and the origins of those words
inform my analysis of the many phyles in Diamond Age. Frederic Jameson’s work tying together
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history and narrative helps with the analysis of the context and inheritances of the depictions of
phyles.
In addition to specific extensions of Marie-Laure Ryan’s argument and the groundings
works in science fiction, several important essays also inform my analysis of Diamond Age. To
expand my argument about the parallels of bell hook’s work Teaching to Transgress, the
importance of teaching criticism and subversion, and also informal learning practices, I converse
with Robert W.Guyker, Jr.’s essay, “Trickster(s) of Neil Stephenson’s The Diamond Age.” As
there is so much literature and terrain to cover not only in science fiction criticism in general, but
in direct conversation with Neal Stephenson’s The Diamond Age, and Marie-Laure Ryan’s
argument about it, I only engage with works that serve to further my understanding of how game
design research can incorporate science fiction and science fiction criticism into the game design
process more formally, and for that reason, with works that relate to specific design choices
surrounding my central question of how to design interactive storytelling games that teach
computational thinking in informal settings. I will demonstrate how this analysis and parallel
close reading allows for a more reflective design process which is less beholden to technological
determinism and assumptions that come from not examining the co-creating science fiction
surrounding game design technologies.
The contribution of this dissertation will be an expansion and elaboration on the ongoing
conversations about how to approach game design research for and about game design. By
choosing a specific wicked design problem for an emerging genre of game that has complex
cultural, social, and technological intersections, I seek to illustrate the need for game design
research and to call others to join the conversation about the design of these specific games or
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similar emergent experiences. Through this analysis and exploration of possibility space and
design choices, I prepare myself for further research through, about, and for game design.
CONCLUSION
The fields of interactive storytelling, computational thinking, and science fiction overlap
in the emerging genre of interactive storytelling games that teach computational thinking. The
design of these games necessitate an inclusion of guidance from science fiction and also point
toward the need for guidance from game design for science fiction. Game design research does
not yet formally include science fiction analysis and science fiction criticism in its process,
though the emerging nature of game technology and innovation around game mechanics are
cogenerative with science fiction. Game design itself is often cogenerative with science fiction,
and yet there is no formal method developed to include science fiction analysis and science
fiction criticism in game designs for genres where such speculation is necessary.
For many game genres that exist now, the iterative process informally involves
inspirations from science fiction and rarely goes further; however, few genres are as inspired by
science fiction as interactive storytelling. Hamlet on the Holodeck, Computers as Theater, and
Chris Crawford on Interactive Storytelling, three of the most influential works in the field of
interactive storytelling, all reference and utilize the design concepts around the holodeck in order
to explain core features of the game genre. Every game in this genre will not only owe the
inspiration for their mechanics directly to science fiction writers, but they will find their
audiences expectations shaped by them. Leaving science fiction and criticism out of the design
conversations will leave out the insight and the understanding of those expectations. Leaving out
science fiction criticism and analysis would leave in every problematic decision that the science
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fiction author designed into their hypothetical world's inventions. It would doom these games to
make mistakes that science fiction authors and critics have already been aware of. As is evident
when one analyzes the science fiction around these games, it could take years to see any of the
consequences of design decisions around them.
Through science fiction speculation, and speculation guided by design and development,
authors, designers, developers, and design researchers can provide important insights into the
future of these games. For science fiction authors to make the best guides through their
speculation, they must allow game design and development to inform their practice. Neal
Stephenson, who earned a bachelors in computer science and originally programmed his first
novel, Snow Crash, as a game, was clearly influenced by his understanding of computational
thinking and game design and development when he wrote The Diamond Age, which gives
detailed designs for an interactive storytelling game that teaches computational thinking.
Analysis of this work gives important insights not only into how interactive storytelling games
that teach computational thinking could be designed, but the consequences of those choices.
Reading the science fiction criticism around it leads to important design and research questions
for designing these games, and for not wasting years of a player's time. Before understanding the
design challenges of interactive storytelling games that teach computational thinking, one must
understand what interactive storytelling games are, and where they might lead.
The field of interactive storytelling has yet to grapple with neural networks as a possible
answer to some of their most challenging technical issues, other than a blogpost from Chris
Crawford where he derided them. Game design has yet to adopt science fiction methodologies
because, unlike ubiquitous computing, iterative development practices have been adequate to
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create the experiences the audiences wanted and the consequences of designing without science
fiction methodologies have gone unnoticed. Science fiction uniformly predicts that interactive
storytelling games will have an impact on culture unlike any gaming genre before them. Those in
the field of interactive storytelling routinely argue that interactive storytelling games are not
games but that they are something new, even though they often also admit that their definitions
of games and continue to use the terms of games such as calling their users players or even
labeling their experiences games in other areas (Crawford, Chris Crawford on Interactive
Storytelling; Mateas and Stern, Façade: An Experiment in Building a Fully-Realized Interactive
Drama). Their emphasis on the differences between these experiences and most games is not
misplaced, though it may cause a gap in understanding about what processes and skills will be
needed to create the highest quality versions of these experiences that delight their players.
This dissertation seeks to make three arguments in an attempt to address these issues.
First, it argues that interactive storytelling experiences are games, that they are played, and that
they contain powerful simulations and gameplay as key features. Second, it argues that games
like AI Dungeon, that use neural nets and other pattern based frameworks for their software, have
changed the field and brought about the highly immersive and participatory experiences that
scholars and developers have been trying to build for decades. And finally, this dissertation
argues that in order to design these games well, game designers and game design researchers
need to adopt and adapt formal science fiction methodologies such as science fiction prototyping
and the critical reading of science fiction and science fiction criticism for insight into design.
With these arguments as a foundation, this dissertation hopes to show that there is an urgent need
to create high quality interactive storytelling games that teach computational thinking.
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CHAPTER 2
INTERACTIVE STORYTELLING GAMES
Interactive storytelling games are games where the player participates in the storytelling
process in any way that they can imagine, and the game attempts to create a coherent dramatic
experience around their input. Only since the early 2000s have they started to manage anything
close. For Chris Crawford and scholars like Bostan and Marsh, and for the context of this
dissertation, Interactive storytelling is not interactive fiction, or interactive narrative. Interactive
storytelling does not use a branching structure to organize its content, but organizes and
generates that content dynamically based on interaction. This chapter argues first that interactive
storytelling experiences are games. First it crafts a relevant definition of games and then it shows
how the two interactive storytelling experiences that currently exist are games. These two
experiences show that any interactive storytelling experience would be a game due gameplay and
interactive simulations being necessary core features. While many words can have general
concrete definitions, games and interactive storytelling experiences are cultural phenomena and
have definitions that change based on the context in which they exist. Both of these terms are
multifaceted concepts that are used to explain groups of related activities and phenomena within
the shifting context of culture on which they depend and which they help create.
In the article “Game Definitions: A Wittgensteinian Approach,” by Games and Digital
Culture scholar Jonne Arjoranta, Arjoranta argues that game definitions are what Wittgenstein
calls nominal definitions (Arjoranta). As Arjoranta summarizes:
The most basic aspect of the theory of definition is the twofold division of
nominal definitions and real definitions. Nominal definitions are verbal
agreements about the use of terms, or suggestions to use an expression in a certain
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way. These definitions are social, and they depend on the use of language and
predominant social conventions. Because nominal definitions are verbal
agreements, they cannot be true or false, but they may be more or less useful, and
their correspondence with how words are actually used may also vary. (Ibid)
While nominal definitions clearly give focus to the language games that Wittgenstein writes of
and which Arjoranta uses to craft a nominal definition of games, the term nominal has some
inaccurate connotations for the definitions crafted in this chapter. The boundaries between
nominal and real definitions are not immutable and the two are intertwined to the point of
inseparability (Ibid). What is needed is an emphasis on the interconnection and mutability based
on context of the definitions for games and interactive storytelling. To highlight those attributes,
what would be called nominal definitions in Arjoranta’s work, are called operational definitions
in this dissertation.
The purpose of this chapter is to craft an operational definition for interactive storytelling
games, especially digital ones, which is meant to emphasize the need for game design research
into their creation. The definition comes from a synthesis of definitions for games and from a
synthesis of interactive storytelling experience definitions. In both cases, the terms have
contentious meanings and the scholars cited have a variety of definitions and purposes in crafting
their definitions. To tease apart the reasons for this and to place the crafted definition on more
solid footing, Wittgenstein’s language-games are used as a framework to illuminate the process
of definition crafting, especially in reference to cultural phenomenon, which are context and
discourse sensitive in their meaning. One of the main purposes of defining interactive
storytelling games as games is to show how they are emerging in digital games and what
limitations they face, as well as where there is a need for further game design research.
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“Game Definitions: A Wittgensteinian Approach,” by Jonne Arjoranta defines games in a
novel way. The process of defining is not as simple as finding essential attributes. Instead, one
must recognize that the definition exists within what Wittgenstein calls language games or in his
original language, Sprachspiel, where spiel can mean both play and game, (Arjoranta).
Definitions of terms like game, story, storytelling, narrative, and interactive necessarily rely on
shared cultural understanding and through the delineation of discussions perform vital work in
defining what is permissible in the debate.
Consciously using a Wittgensteinian lens to create useful operational definitions as tools
for discussion also clarifies that these definitions are not meant to cover every instance of what
they define. Rather these definitions are meant to illustrate a “family resemblance,” in order to
show how these terms operate in the discourses where they are present and how they operate in
this discourse when they are deployed (Arjoranta). Through crafting a definition, even an
operational one that will need updating, scholars can create shared understanding. To argue that
interactive storytelling experiences are games, a demonstration of Wittgenstein’s framework on
the discourse around defining games is needed. For this discussion the games’ operational
definition would be a play facilitating activity, often mediated by computers in the modern-day,
allowing players to interact systematically with a central object, often a simulation. A useful
game definition to understand interactive storytelling games will become clear by analyzing
game definitions and the contexts and discussions around them
A GAME DEFINITION
Definitions of games center around a spectrum given their particular contexts. As Arjoranta
writes one can look at Marie-Laure Ryan if one seeks to emphasize narrativity, or Jesper Juul if
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one seeks to emphasize rules, or Sicart for playfulness (Arjoranta). Definitions for games and are
context and culturally dependent. The operational definition crafted for this research does not
need to define all games, but instead needs to define games to clarify why interactive storytelling
experiences are games and what those games are. An operational definition of games is a play
facilitating activity, often mediated by technology in the modern day, which allows players to
interact together in a systematic way with a central object. In the case of interactive storytelling,
the dramatic experience is the object that the player has to play with. Brenda Laurel explains that
dramatic experiences are later arranged into a narrative by the player, though the system could do
this as well (Laurel, Perennial Challenges in Virtual Reality Design). Since the idea of games is
ultimately a communication about a transforming phenomenon with many aspects, much like
species on a tree or facets of a personality, it is inevitable that these aspects resist reduction. This
does not mean that definitions of such phenomena are useless, but rather that they only
illuminate part of what can be understood or known about them.
An examination of how they relate to qualifying interactive storytelling experiences as games
will allow a more thorough analysis of relevant definitions and illustrate the hermeneutic circle
in action. The definitions give rise to a sense of the whole and their specific emphasis. While in
Marie-Laure Ryan’s article which Arjoranta cites, she mostly resists defining games broadly, she
does write at the end that, “Games thus embody a virtualized, or potential dramatic narrativity,
which itself hinges on the virtual diegetic narrativity of a retelling that may never take place,"
(Ryan, Narrative as Virtual Reality). Her resistance to definition seems very intentional, as does
the placement of her definition at the end, as it results from her analysis and concluding remarks.
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Ryan’s definition does not call into question whether interactive storytelling experiences are
games, but rather uses games and interactivity as a lens to view the kinds of interactions, and
limitations of those narratives generated by these systems. Her main concern in the discourse she
continues is with whether such games would create exciting narratives. Even her definition of
games only arrives in the context of her conclusions about how this medium affects narrative.
She writes just before giving her definition, “A dramatic narrative is thus a virtual, or potential
diegetic one. With games we can extend virtuality one step further. The player performs actions
which, were he to reflect upon them, would form a dramatic plot-though this plot is not normally
his focus of attention during the heat of the action" (Ryan, Narrative as Virtual Reality). Here
she is writing about a process very similar to one which Henry Jenkins uses to discuss game
designers as narrative architects, designing the spaces that eventually become the content of
setting and conflict for a player enacted narrative (Jenkins). As does Brenda Laurel when she
says that players experience a dramatic situation and afterwards organize it into a narrative,
(Laurel, Perennial Challenges in Virtual Reality Design). In this way, even definitions of games
that rely heavily on rules have space for a narrative understanding of games.
Jesper Juul, in his keynote speech “The Game, the Player, the World: Looking for a Heart
of Gameness,” attempts a definition of games with six features he argues are necessary to call
something a game, and he argues that they are transmedial, or, “There is no single game medium,
but rather a number of game media...” (Juul). He begins with a useful table of previous
definitions on which he builds his own definition, which I will include here, with titles of the
works added (qtd in (Juul):
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Table 3: Game Definitions Table from Jesper Juul
Source

Definition

Johan Huizinga 1950,
p.13. [Homo Ludens
(Huizinga)]

[...] a free activity standing quite consciously outside ”ordinary” life
as being ”not serious”, but at the same time absorbing the player
intensely and utterly. It is an activity connected with no material
interest, and no profit can be gained by it. It proceeds within its own
proper boundaries of time and space according to fixed rules and in
an orderly manner. It promotes the formation of social groupings
which tend to surround themselves with secrecy and to stress their
difference from the common world by disguise or other means.

Roger Caillois 1961,
p.10-11. [Man, Play,
and Games (Caillois)]

[...] an activity which is essentially: Free (voluntary), separate [in
time and space], uncertain, unproductive, governed by rules, makebelieve.

Bernard Suits 1978, p. To play a game is to engage in activity directed towards bringing
34. [The Grasshopper about a specific state of affairs, using only means permitted by rules,
(Suits)]
where the rules prohibit more efficient in favor of less efficient
means, and where such rules are accepted just because they make
possible such activity.

Avedon & Sutton
Smith 1981, p.7. [The
Study of Games
(Avedon and SuttonSmith)]

At its most elementary level then we can define game as an exercise
of voluntary control systems in which there is an opposition between
forces, confined by a procedure and rules in order to produce a
disequilibrial outcome.

Chris Crawford 1981,
chapter 2. [The Art of
Computer Game
Design (Crawford,
The Art of Computer
Game Design)]

I perceive four common factors: representation ["a closed formal
system that subjectively represents a subset of reality"], interaction,
conflict, and safety ["the results of a game are always less harsh than
the situations the game models"].
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David Kelley 1988,
p.50. [The Art of
Reasoning (Kelley)]

a game is a form of recreation constituted by a set of rules that
specify an object to be attained and the permissible means of
attaining it.

Katie Salen & Eric
Zimmerman 2003,
p.96. [Rules of Play
(Tekinbaş and
Zimmerman)]

A game is a system in which players engage in an artificial conflict,
defined by rules, that results in a quantifiable outcome.

After analyzing each of these definitions to pull out core characteristics and compare each, Juul
attempts to create a definition that covers all games; however, his process reveals exactly the
situational nature of these definitions. An examination of his six attributes show two kinds of
games that are emphasized. His attributes are that games have fixed rules, variable and
quantifiable outcomes, a valorization of some outcomes over others, challenge, player
attachment to the outcomes, and negotiable real-life consequences ((Juul). While none of these
rules explicitly denies that interactive storytelling games are games, they do emphasize rules and
extrinsic goals, as well as the systemization of play. The article’s emphasis on binary state based
attributes has more to do with computers' limitations than with a core concept of games. What
these attributes emphasize are games that were programmable in 2003. Analog roleplaying
games are de-emphasized as games in this system, especially as they tend toward play that is less
confined by pre-defined rules and more toward negotiated states of a game based on language
play. The holodeck’s speculative games are also de-emphasized because they involve systems
that can handle non-fixed rules and qualitative outcomes. Their feedback is diegetic and received
through dramatic interaction rather than clear outcome valorization, direct challenge feedback,
and arbitrary attachment to results.
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In summary, Juul’s definition does as much to show the limitations of computer games in
his time as it does to show core game definition attributes, though his efforts illustrate essential
aspects of the transmedial games he surveys. If this analysis of the attributes seems insufficient
to illustrate what Juul’s definition leaves out, his discussion of the place of fiction in games, that
it is sometimes present but not necessary, does a great deal to show the perspective on the kinds
of systems that are included in his definition and those that are left out or minimized (Juul). The
following table from his article illustrates the emphasis on computerizable games (Juul):
Table 4: Juul’s Table of Games
Rules

Game state

Card games

Human brain

Cards

Board games

Human brain

Game pieces

Competitive sports

Physics + human brain

Players' bodies / game
objects

Computer games

Computer (CPU)

Computer (RAM)

Card / board games on
computer

Computer (CPU)

Computer (RAM)

Sports on computer

Computer (CPU)

Computer (RAM)
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Computer chess

Computer (CPU)

Computer (RAM)

Chess

Human brain

Game pieces

Blind chess

Human brain

Human brain

Dance / rhythm games

Computer (CPU)

Computer (RAM)

He uses the following table to analyze the differences between “...computation and game state...
in order to explain the differences between some of the game media mentioned...” (Juul). An
obvious omission is roleplaying games, children’s games, and other games that violate his core
attributes.
The omission is an important and exclusionary one. In her keynote address in Vancouver
in 2005, “The Last Word on Ludology v Narratology in Game Studies,” Janet Murray argues the
game essentialists exclude narrative and related parts of the game experience in order to rebel
against perceived authority structures in other mediums. Still, no group can exclude
interpretation frameworks to such large and overlapping areas of culture as games and stories
(Murray, The Last Word on Ludology v Narratology in Game Studies).

This exclusion is part of

a strawman argument that Murray says was made from excerpts of her arguments (Murray,
Hamlet on the Holodeck 153). It is also the result of the limitations of systemized play on
computers in 2003. The exclusion sequesters the problems of including open and informal
systems in the analysis of digital games, and also prevents the field from adequately exploring
the possibility space of interactive storytelling. Games are such large and dynamic cultural
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phenomena with so many facets, that an entire nominal definition can exclude whole ranges of
the experience, even when they are situationally relevant.
After reading Juul’s definition, what becomes clear is that computational processes were
not handling dynamic storytelling or their associated play verbs in their design. Hubert Dreyfus
made a compelling argument in 1978 and later in 1992 in his books, What Computers Cannot Do
that computers will never handle free play or informal systems (Dreyfus 205–06). His argument
relies heavily on the idea that sequential logic cannot encompass informal and open systems
(Ibid). However, neural networks and other pattern based computer and software architectures
are increasingly showing that modeling and gathering understanding of open informal systems is
possible (Peter J. Denning and Tedre 86–8). While not all of the areas that Dreyfus said would be
impossible have become computable, many have and many more seem likely to be in the near
future. However, Dreyfus was not wrong because sequential logic systems did not solve these
problems, instead it took mimicking the intuitive processes of the brain to solve what traditional
computer logic could not.
Though exclusionary, Juul’s process and his survey of game definitions as well as his
sorting and organization of them is incredibly useful not only in crafting his operational
definition, but as a time-lapse of the contexts in which game definitions came to be before him.
As computers became more of a focus, rules became more important than make-believe or the
free action of Caillois, and the formation of social groups that were so important to Huizinga in
later definitions is at best implied by calling attention to the fact that there is a player. As
Arjoranta points out, when a large portion of games became digital, the definitions show a major
shift. “While earlier game definitions emphasized games as an activity, modern definitions
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highlight games as systems" (Arjoranta, sec.Wittgenstein’s Ruler). Cultural and techno-cultural
conditions change the way that games are played and what they mean to those who play or
witness them because they are cultural phenomena. As language around a phenomenon adapts to
its changes, so does the description and relevant understanding of the phenomenon.
In his essay, “Against Procedurality,” Sicart makes the argument that these definitions
and rhetorics around games exclude the player and play ((Sicart, “Against Procedurality”). They
leave out a great deal that needs to be understood to discuss games and their meaning (Ibid).
Sicart argues that it is in the act of play that the meaning of the game is created and it is only
through that interaction that the game has meaning. As he describes them, the proceduralists do
not account for this, and as he points out, it shows in their design as a lack of accounting for the
player making meaning. The artist statements that he catalogs show this attitude both when they
explain games that supposedly have all their meaning embedded in their rules, and when they
talk or write about an audience uncovering truth rather than creating meaning from their
interactions ((Sicart, “Against Procedurality”). For Sicart, the game's meaning happens in the act
of play, and the game is a trigger of that communication. Sicart traces the effect of the theory of
proceduralism on the design of games that ascribe to it and critiques play-centric design when he
writes,
Even though Swain, like Fullerton (2008) and Zimmerman and Salen (2004), is
an advocate of play-centric design, his understanding of play-centrism is
reasonably influenced by proceduralism: play centric only means that games are
developed with players involved in the design process, but not claiming that the
meaning of the game is conveyed in the act of play. (Ibid)
The words do not fully dictate a conversation’s meaning, but the whole act constitutes the needed
context. If games are defined only as systems and rules, without consideration of the players
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creating meaning with them, then the emphasis on the player’s role is not only minimized but
oddly absent, as if the system made meaning without human interaction. This kind of freedom of
the player in both the way they interpret a game and how they enact play, is akin to theater. And
the freedom and meaning made by actors in the theater are evident through the need and desire to
reproduce them and highlight some performances over others.
Brenda Laurel writes extensively on this kind of freedom in Computers as Theater and
her analysis of the range of freedom within constraints (Murray, Hamlet on the Holodeck;
Laurel, Computers as Theatre) parallels the kind of meaning-making that Sicart is writing about
in this article and his longer essay, Play Matters. Through this lens designers of interactive
storytelling games can start to see where their players can begin to play with the story as a toy.
Sicart’s emphasis and thoughts on what games are leaves the reader with the core message that,
“Play is at the core of what games are... Play is everything about a player engaged in a game, and
less about the rules of such game,“ (Sicart, “Against Procedurality”). Through articulating his
disagreement with proceduralists, Sicart has illustrated how approaching cultural phenomenon
definitions as flexible can make the play of their language-games more productive. This process
is even more evident throughout one of his longer works, emphasizing play even as it comments
on games.
The flexibility of his definitions allows Sicart to examine games with some irreverence.
In Play Matters Sicart argues that games, “... don’t matter that much,” and are a
“...manifestation, a form of and for play, just not the only one. They are the strongest form,
culturally and economically dominant" (Sicart, Play Matters 4). When looking at this definition
and lens on games, the definition itself tends to de-emphasize the objects and emphasizes the
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play, or way of being, that games facilitate. Designers who ascribe to this view might look at a
game as a situation where they design for play and would even look at play, not as a site for fun,
but as a mode of being that people use to understand what it means to be human ((Sicart, Play
Matters 3). Sicart’s message for the design of interactive storytelling games shows how they are
sites for play and how that play does not need to be, “...submissive to enjoyment, happiness, or
positive traits" ((Sicart, Play Matters 3). The idea of whether interactive storytelling games are
games has little significance in this perspective, but the connection and importance is still clear
when Sicart writes, “...play, unlike other forms of expression, can be designed... designed as
mediated by things created to facilitate the emergence of play" (Sicart, Play Matters 7). Here, the
importance of seeing the connection between interactive storytelling and games becomes clearer
by looking at a definition of play. Interactive storytelling games are created to facilitate the
emergence of play, like all games. Using Sicart, interactive storytelling games are objects that
facilitate the emergence of play with stories.
After looking through a few different definitions for games and seeing their context and
culturally dependent nature, an operational definition of games arises from a synthesis of these
perspectives. For it to be useful for this discussion this definition does not need to define all
games, but instead needs to define games so that it enhances the clarity of an understanding of
why interactive storytelling experiences are games and what those games are. An operational
definition of games is a play facilitating activity, often mediated by technology in the modern
day, which allows players to interact together in a systematic way with a central object. In the
case of interactive storytelling, the dramatic experience is the object that the player has to play
with. Brenda Laurel explains that dramatic experiences are later arranged into a narrative by the
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player, though the system could do this as well (Laurel, Perennial Challenges in Virtual Reality
Design). Since the idea of games is ultimately a communication about a transforming
phenomenon with many aspects, much like species on a tree or facets of a personality, it is
inevitable that these aspects resist reduction. This does not mean that definitions of such
phenomena are useless, but rather that they only illuminate part of what can be understood or
known about them.
INTERACTIVE STORYTELLING
The operational definition that this section works toward is: Interactive storytelling
games are games where the player participates in the storytelling process with a high degree of
expressive freedom, and the game attempts to create a coherent dramatic experience around their
input. Interactive storytelling games are a specific subset of the genre of narrative games in
which the systems of the game simulate a setting rife with narrative elements. The central object
that the player plays with through the mechanics of the game is a dynamic story built through
player participation in dramatic experiences. To understand how to arrive at this definition,
starting with the field and understanding the emerging nature of its object of inquiry is vital.
In the field of interactive storytelling, two icons are so intertwined that to invoke one is to
invoke the other: Janet Murray and Star Trek’s Holodeck. To many in the field, the first dream
they clearly shared was that of the interactive storytelling game represented by both Star Trek’s
Holodeck and Janet Murray’s field defining work, Hamlet on the Holodeck. There she describes
the holodeck as, “The Star Trek holodeck is a universal fantasy machine, open to individual
programming: a vision of the computer as a kind of storytelling genie in the lamp" (Murray,
Hamlet on the Holodeck 15). This concise description gets across the dream of interactive
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storytelling, and colloquially could act as an operational definition of interactive storytelling
games. While this definition paints a picture, details will be necessary to game designers and
researchers who will shape interactive storytelling games: the distinctions between interactive
storytelling and other interactive narrative games that need illustration.
Two of the most important distinctions come from one of the most prominent early
voices in interactive storytelling as a field: Chris Crawford. He is an industry veteran who helped
found the Games Development Conference and hosted it in his home (Dugan). He also pursues
research into interactive storytelling games and personally develops software to create these
experiences. In his book, Chris Crawford on Interactive Storytelling, he differentiates story and
storytelling by writing that stories are fixed and cannot be interacted with, “But storytelling is a
process, a dynamic process that you can intervene in, alter, play with, and thereby interact with.
Therefore, the appropriate term is ‘interactive storytelling.’” (Crawford, Chris Crawford on
Interactive Storytelling 46). The section differentiates the experience Chris Crawford is writing
about and the kind that most narrative games offer. His later emphasis on this difference focuses
on the verbs of interactive storytelling play and include words like declaring, relating, and lying
(Crawford, Chris Crawford on Interactive Storytelling 57). He emphasizes that games don’t do
this yet when he writes,
In games, you chase things, things chase you; you shoot things, and things shoot at you.
You search for things, acquire things, navigate things, move things, destroy things—it’s
always things, things, things and never any dramatically significant interactions with
people in games. (Crawford, Chris Crawford on Interactive Storytelling xii).
The holodeck’s storytelling genie is not the same as an interactive fiction book. Instead it reacts
to a player’s actions diegetically and improvisationally, so that the dramatic action is dynamic.
The computer of Star Trek and any interactive storytelling that fits Chris Crawford’s distinction
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has enough reactivity to give the illusion of a dynamic infinite space to explore coherent
dramatic possibilities.
Interactive storytelling games are composed of narrative elements that respond to the
dramatic actions of a player much more in the manner of a simulation responding to input than a
game with multiple fixed narrative paths. Many games create worlds where the player naturally
builds stories of their experience and the game gives affordances for those to take dramatic form
for the player, in whatever style they prefer. This is an essential component of understanding
computers from a theatrical lens, per Brenda Laurel (Laurel, Computers as Theatre). These
elements can range from decals on rusted lunch boxes showing the decay of the world after a
nuclear apocalypse, to the text seen on a gravestone, to water sprayed on a virtual camera lens.
These details are the kinds of details that fiction authors use to immerse their readers into their
story, but as Crawford points out, they are not plots. Crawford writes that “Interactivity requires
that authorial control be exercised through processes, not events. Yes, plot and interactivity are
mutually exclusive; but process-driven narrative is perfectly compatible with interactivity"
(Crawford, Chris Crawford on Interactive Storytelling 54) Authoring processes to drive a
narrative is a complex undertaking, one that requires not only an understanding of story and
games as systems, but an understanding of the synthesis of the two. Crawford’s operational
definition of interactive storytelling emphasized the need for an understanding of the synthesis
because of his context and to legitimize interactive storytelling as a field of its own where the
voices that cared about it would not be drowned out by those in the games industry who did not
think it was worth the time, effort, and thought.
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Crawford writes that “When people are at a loss to understand a new phenomenon, they
fall back on what they already know and describe the mysterious phenomenon in familiar
terms... interactive storytelling is not a story made from a game" (Crawford, Chris Crawford on
Interactive Storytelling 47). In the act of differentiating interactive storytelling from games,
Crawford defines who has expertise, whose opinion over this phenomenon should count, and
who could understand it. He does this in order to defend a dream that many in the industry saw
as impossible or unworthy when he writes, “You cannot apply tried-and-true expertise (from
games or from stories) to this unprecedented medium... expertise that storytellers and game
designers bring to interactive storytelling only obscures their vision" ((Crawford, Chris
Crawford on Interactive Storytelling 54). This explicit exclusion of experts from games and
storytelling was not without cause. Crawford goes into a lengthy discussion to show how experts
on both sides denigrate the idea of integration; expert writers argued that the audience would not
have the skill to direct plots and game (interactivity) experts argued that they didn’t need a plot,
or at least meaningful interaction with one. As he concludes, “It would seem, from both
theoretical considerations and many failed attempts, that plot and interaction cannot be
reconciled. This, in turn, implies that the dream of interactive storytelling is a chimera"
((Crawford, Chris Crawford on Interactive Storytelling 52). He compares the problem to that of
classical theology’s debate over free will and determinism. He makes the analogy that authors
and game designers are both comparable to gods of their miniature created universes. In a return
to the comparison with games, Crawford explains that a game designer does not prescribe the
exact actions or sequence that a player will take them, they do not specify the dramatic
experience as Laurel would call it, but they do author the “...processes of the gameworld rather
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than the events of the gameworld,” (Crawford, Chris Crawford on Interactive Storytelling 54).
This return to comparison to games as a model for how interactive storytelling operates
illuminates the necessity for his operational definition’s differentiation from games. Crawford
needed to emphasize the separation he had as an expert and to explain why neither traditional
game designers nor authors were experts of interactive storytelling. He is much more explicit in
this process than most authors, and his further insight into interactivity and plot bears inclusion,
both for its implications for the design of interactive storytelling games and for its connection to
other experts in the field ((Laurel, Computers as Theatre; Murray, Hamlet on the Holodeck).
Crawford writes, “A plot specifies events, not processes. Interactivity requires that authors
exercise control through processes, not events. Yes, plot and interactivity are mutually exclusive;
but process-driven narrative is perfectly compatible with interactivity" ((Crawford, Chris
Crawford on Interactive Storytelling 54). This deliberation on interactive storytelling as a unique
phenomenon certainly had its uses and may have been a necessary tool to push for the emergence
of the genre; however, for this dissertation the expertise of authors, game designers, and
interactive storytellers is needed.
CONNECTING TO GAMES
Crawford is most forthright with his purposes in defining interactive storytelling as
separate from games when he writes, “I define a game as ‘a goal-oriented form of interactive
entertainment in which one or more active opponents attempt to hinder the player’s attainment of
his or her goal.’ This definition could apply just as well to almost any interactive storyworld"
(47). While Crawford sees how interactive storytelling could be defined as a game, he wants to
differentiate it from games in order to show it as a new and unique medium, and to change the
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expectations surrounding the experience. Crawford gives another operational definition of games
which does more to show what he is excluding from interactive storytelling than it does to define
games broadly, or even operationally. He writes, “Here’s a definition for video games as they are
actually played: A form of interactive computer entertainment involving simple and/or violent
themes, relying heavily on cosmetic factors, in which players must exercise precise hand-eye
coordination, puzzle-solving, and resource management skills" ((Crawford, Chris Crawford on
Interactive Storytelling 47–48) 47-48). This definition certainly serves Crawford in his purpose,
but does not ring true for a large number of modern games. Rather than defining games, it
defines the games that Crawford is trying to differentiate interactive storytelling from. To
uncover the directions game design research needs to take to guide the creation of these games,
those involved must see the overlap and the differences between this genre and others. Much of
what Chris Crawford writes has direct and consequential implications for developing interactive
storytelling games. While Chris Crawford has attempted to define and distinguish interactive
storytelling from other mediums, other essential voices in the field have sought to show the
connection and the spectrum of experiences, such as Brenda Laurel and Janet Murray. Both give
insights to surrounding concepts and terms essential to the genre.
Janet Murray’s Hamlet on the Holodeck predicted a wide spectrum of narrative forms and
interactivity, most of which exist today. The affordances she points out for the digital medium
are key to understanding the potentials of interactive storytelling. In the 2016 update before she
describes the affordances and her vision of their relation, she says, “The four affordances
identified here link to the characteristic pleasures of the medium, interactivity, and immersion,”
(Murray, Hamlet on the Holodeck 94). She goes on to explain that procedural design and
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participatory design create what is colloquially called interactivity, or the experience of agency
(Ibid). A well designed fit of shaping interactor behaviour and computer behaviour, “... lead to
the characteristic pleasure of agency" (Ibid). She writes that when spaces are coherent in their
navigation and sufficiently deep and detailed they can immerse us as “... an alternate to the
disordered actual world of everyday experience" (Ibid). Finally, she writes of how interactivity
and immersion blend and become symbiotic, one feeding into the other and bolstering it (Ibid).
What Murray is describing here is the spectrum of interactive storytelling games. Interactive
storytelling games rely on immersion and interactivity in a deep and detailed environment where
navigation, whether it is through text or other spaces, needs to be designed well enough to
disappear into the background. The challenge of interactive storytelling cannot be wrapped up in
the interface, otherwise, immersion will not occur and the interaction with the dramatic
experience will be hindered. Not only does Murray illustrate these principles here, but she aides
in differentiating experiences through the construction of a spectrum. When the shaped interactor
behavior has to do with making choices about how a dramatic experience unfolds, then the
interactor is on the spectrum of interactive storytelling games. From Murray, one can imagine
that some of the first interactive storytelling games will be like novels or cinematics that the
player can interrupt at any moment in a way that conforms to the dramatic action of the
experience.
While open world games have dramatic experiences with an incredible degree of
freedom, Crawford argues that because the action does not involve interpersonal drama, it
doesn’t constitute interactive storytelling or good story, and he has an important point. What
Laurel adds to the conversation shows how learning from this kind of freedom of interaction and
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consequence and understanding the procedural authorship of Murray can create immersive
interactive storytelling worlds. Many narratives rely only on individuals as protagonists with
environments as the antagonists, and a plethora of interactive storytelling games of this sort
already exist. This is where Crawford objects, after noting that digital games are very good at
dealing with, “...things—it’s always things, things, things and never any dramatically significant
interactions with people in games (Crawford, xii). Open world games allow for a great deal of
agency and dramatic possibility between the player character and the environment are still
interactive storytelling games, but they are incredibly limited. Any relationship or dramatic
action with characters of the game collapses into branching choices with a narrow band of
possible interactions. In games where players can use all the rest of their skills in unpredictable
ways and improvise solutions to fight, jump, kick, or hide wherever their imagination may go,
they speak with their own voice, and are relegated to speaking a script they did not assist in
writing. Their freedoms, though great, are those of the actor on the stage, but less articulated
through their own bodies. The possibility of playing with relationships or internal character
struggles are limited to the paths thought of beforehand. Without the ability to deal dramatically
with people and relationships in a way that gives the player a high degree of agency, the genre of
interactive storytelling will have a very narrow, if still popular, range.
Within the framework of personal agency that Brenda Laurel sets out, interactive
storytelling games afford the interactor, “...a greater degree of freedom in the construction of the
whole action, moving the balance of power...” further from the traditional author or designer and
toward the interactor, or player (Laurel, Computers as Theatre 200). Interactive storytelling
games have a range of possible actions limited only by the environment in which they occur and
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the predefined method of input (i.e., a particular language), as Laurel describes in her discussion
of the range of control between the interactor and the author. Whether this input is written into a
command line, spoken, or howled does not matter for so long as the system can recognize
meaning from that input and create a cohesive and coherent narrative response with it.
Brenda Laurel’s work Computers As Theater does a great deal to explain not only the
framework for the possibility and effects of interactive storytelling, she maps that specifically to
dramatic theory and plot. In a 2017 keynote speech to Weird Reality she cites and expands upon
her analysis of the effect of interaction on plot and specifically Freytag’s Triangle, which she
says interaction turns into a spider (Laurel, Perennial Challenges in Virtual Reality Design).
Because a normal plot is constrained to a single linear sequence of events, it takes the form of a
triangle and Freytag’s explanation shows how that triangle maps onto dramatic experience.
When interaction becomes involved (Freytag). Freytag’s linear tool is no longer sufficient to
explain the multiple plots that emerge. So a spider’s legs become a better illustration, with each
of the legs a separate sequence of experiences first had by each user as a dramatic experience,
and later given narrative form in its retelling (Laurel, Perennial Challenges in Virtual Reality
Design). One of the critical expansions she makes to her analysis is that she says this triangle
turned spider is not designed beforehand in modern experiences, but instead users are given the
situations and affordances to guide them toward the variation they enact and the leg of the spider
they create. This is what Chris Crawford says when he says that starting with plot is a mistake
(Crawford, Chris Crawford on Interactive Storytelling 58). Janet Murray’s description of the
procedural author who uses the procedural affordances of the digital medium to allow users to
create the plots in their narratives is the same kind shown here ((Murray, Hamlet on the
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Holodeck 274–76). Laurel shows historical places and modern analogs where these kinds of plot
creation were happening already. From Medieval stage theater, to the design of renaissance faire
grounds, to improvisational acting, including as occurs in roleplaying, Laurel shows the
evolution and multiple forms of the effects of interaction on plot (Laurel, Computers as Theatre
200–09) Her analysis goes beyond most others in its attention to how space and action beyond
interpersonal interaction impacts the dramatic structure, and that she considers the role of a
participant who is performing with computer-aided prompts as part of the program, rather than as
a traditional user.
Her focus on being able to take meaningful action as a criteria for a reality is useful for
understanding Crawford’s distinction between story and storytelling. While Laurel is writing
about a qualification for virtual reality versus other non-dynamic experiences, she says that in
virtual reality a user must be able to take meaningful action that can change the course of their
possible future interactions with the world, or change the state of the world itself (Laurel,
Computers as Theatre 207). This is the difference between having agency in a reality and being
shown an imagined world, of being part of the story as it unfolds and of being present to see one
of many planned worlds. While agency certainly exists on a spectrum, which Laurel outlines
thoroughly (Laurel, Computers as Theatre; Laurel, Perennial Challenges in Virtual Reality
Design), this distinction parallels Crawford’s distinction of static story as data and the dynamic
interaction of storytelling a story (data) and storytelling (process). Computers aren’t a medium
for presenting canned stories; they’re a medium for storytelling (Crawford, Chris Crawford on
Interactive Storytelling 156). There exist stages in between non-interactive stories and interactive
storytelling. A story with no interaction is static data, experienced and told without collaboration.
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Branched narratives have moments of interaction that have varying degrees of consequence.
Interactive storytelling is a reality that the player is immersed in, collaborating either in time with
another person, or in the case of procedural authorship, in a delay. Brenda Laurel explains that
these dramatic experiences are often built with a fractal structure, allowing procedural authors to
envision possibilities for their procedural worlds that people traverse on a micro and a macro
level (Laurel, Perennial Challenges in Virtual Reality Design, sec.23:00-25:00) 23:00 - 25:00).
While the written scripted narratives of most open-world games today, such as Assassin’s Creed
Odyssey, do not fall into the category of interactive storytelling, their world of objects that do not
rely on language do change with dramatic effect in the manner that Laurel describes and with the
freedom of action and agency that Crawford imagines.
Human computer interaction, and game design and development, are vital fields for the
creation and discussion of interactive storytelling games. Game design scholars Tim Marsh and
Barbaros Bostan give a clear architecture to interactive storytelling games, show a clear
perspective on how they are games, and argue for the inclusion of analog roleplaying games as
part of their genre in their paper “Fundamentals of Interactive Storytelling" ((Bostan and Marsh).
They give a perspective closely tied to computer mediated communication (CMC), (Bostan and
Marsh 20). Their operational definition of interactive storytelling games is, “...a gaming
experience where the form and content of the game is modified in real time and tailored to the
preferences and needs of the player to provide a sense of control over the mutual discourse of
play" (Ibid 27). This definition of interactive storytelling games is crafted to highlight the
parallels between digital and analog interactive storytelling games. It’s origins also clearly
straddle the worlds of human computer interaction, play studies, game studies, and psychology.
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In the Bostan and Marsh discuss essential topics to interactive storytelling, from the architecture
of interactive storytelling systems, to the arguments for the inclusion of roleplaying games as
interactive storytelling games, to the motivations of players and the spectrum of interaction.
While they do cite Chris Crawford, it seems notable that they do not mention Janet Murray or
Brenda Laurel, whose insights directly tie to several of the sections in their paper. This absence
speaks to the disparate way that different fields interested in creating interactive storytelling
approach not only their research, but also their creation of definitions. Their purpose is to give an
understanding of the design and creation of modern interactive storytelling games rather than to
engage in a debate about their definition, though they do converse with Crawford and his
objection to calling interactive storytelling systems games when they write:
If Chris Crawford is right about this divide then the notion of interactive storytelling has
to be redefined. Game playing is a goal-directed behavior and a CMC process where the
needs, motives and goals of the player interact with the opportunities, incentives and
choices of the gaming environment and define the concept of “play”. Thus, systems that
just deal with the intelligent behaviours of virtual agents or the story planning approaches
to get beyond branching narratives, without focusing on the psychology of the player, the
enjoyment or the fun or the flow state experienced, and the communication processes
inherent behind the information exchange, should find a more suitable name or concept
for their proposed studies. In this regard, one of the best naming conventions, “automated
storytelling”, is invented by Nareyek (2007) who focuses on the automated generation of
stories from a planning perspective. (27-28).
While they agree with Crawford’s distinction, their perspective seems to be that because
interactive storytelling systems rely on the creation of game architectures, game goals, and game
mechanic based interaction, that there is no ground to discuss whether these systems are not
games. While this is certainly a particular perspective based on an understanding grounded in
building the systems and player-centric interaction models, it further illustrates that the reasons
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for separating interactive storytelling and games have more to do with the culture in which the
discussion occurs than any core elements in their design, development, or use.
Three key concepts come from this paper that will have a direct influence on the operational
definition of interactive storytelling games arrived at here. Many of them touch on the work of
other scholars within their fields. First, Bostan and Marsh further delve into the range of
interaction and its meaning from the perspective of interaction with stories. Second, their
description of the architecture of the systems that create these games speaks to what parts of the
games are necessary for an interactive storytelling experience to occur. Finally, their discussion
of analog games both shows the necessity of researching analog roleplaying games, which can be
considered interactive storytelling games, and why such games are not the main topic of this
writing, including their discussion of the use of artificial intelligence. The impact of artificial
intelligence advances on the scope of the procedural affordance described by Murray for digital
interactive storytelling games will prove essential to illustrating the main differences between
digital and analog systems in this genre.
Interactive storytelling games, as Bostan and Marsh define them, have a specific range of
interactivity. They use as their primary source for this range the paper “Networked Activity,” by
communication scholars Sheizaf Rafaeli and Fay Sudweeks ((Rafaeli and Sudweeks). Bostan and
Marsh summarize this study by saying that interactive activities (from conversations to games to
art installations) can range from non-interactive, to reactive, to interactive, to responsive,
meaning that the reactions of each set of interactors be they human or machine consider the
previous interaction, to fully interactive, which Rafaeli and Sudweeks say even face to face
conversation falls short of (Rafaeli and Sudweeks; Bostan and Marsh 27). Bostan and Marsh
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write that “...interactive storytelling is more oriented towards a responsive, simultaneous and
continuous message exchange which is based on player choices, preferences or playstyle"
((Bostan and Marsh 27). In this framework one can delineate many common game situations:
cinematic moments in games where players have no choice or possibility to interact are
noninteractive; interactive narrative games such as choose your own adventure books are largely
reactive; any game that “responds in a manner that takes into account not only the latest input but
the previous inputs of the player...” is responsive (Bostan and Marsh 27); and finally, if a game
responds in a way that takes into account not just inputs that preceded its output, but the manner
in which those previous inputs were given, then it is fully interactive (Rafaeli and Sudweeks).
From this range of interactivity and from Bostan and Marsh’s argument that interactive
storytelling games lie somewhere between fully interactive and responsive, one can see how the
immersion and interactivity of Murray and the dramatic experiences of Laurel intertwine in this
game genre. This analysis gives one important feature of the operational definition of interactive
storytelling games in an expanded definition that extrapolates upon the operational definition
being crafted here:
1. interactive storytelling games receive dramatic action as input, and output dramatic
action which takes into account not only the current input from the human interactor, but
previous inputs and even possibly the manner that those dramatic actions took place.
This not only builds plot coherency, but coherency in navigation of the dramatic action for the
interactor/player. Because they know what their previous actions mean and what effect they had
in the system through feedback from the game, they are able to predict, depending on their skill,
what taking certain dramatic actions would have on their dramatic experience. This interactivity
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necessarily comes from the dynamic dramatic experience the interactor creates in collaboration
with the system, and which later serves as the structure for their narrative of the experience
((Laurel, Perennial Challenges in Virtual Reality Design). While the player will leave with an
experience that they transform into a narrative, they may also have their dramatic experience
crafted into a narrative for them by the game. So what parts would be necessary for a responsive
interactive storytelling game? Bostan and Marsh outline the architecture of interactive
storytelling games in their paper as well.
While Bostan and Marsh craft a definition of interactive storytelling games as described earlier,
just as consequential to their perspective is their description of the parts of an interactive
storytelling game, since they are concerned with communicating how to create one. They write,
“The architecture of interactive storytelling systems usually include a “Drama Manager” (story
engine, narrative generator, narrative logic, narrative sequencer, or plot manager), a “User
Model” (player analyzer or player profiler), and an “Agent Model” (actor engine, knowledge
base or behavior engine)" ((Bostan and Marsh 28). One aspect missing from this perspective
which Sicart might point out would be the interactor or interactors without whom none of the
play with the system would occur. The user model does not account for this part, though it is a
model for the system of the interactor, its inclusion does not represent that the interactor is
actually part of the system. Still, this description clearly shows the necessary parts for the
interactive storytelling games which Bostan and Marsh define, and it gives another attribute to
the definition of interactive storytelling being crafted here:
2. Interactive storytelling games use architectures which create dramatic experiences
dramatically by accounting for characters (agent model), relationships and settings
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(drama manager), and the player (player model) and in this way they are highly
personalized to the interactor, who is also part of the system through not only their
system based representation, but through their immediate interaction and their own
recognition, processing, and analysis of the dramatic experience.
Because of the nature of responsive interaction described before, the interactor does more to
create choices for themselves in an interactive storytelling game than in other games. They act as
the designers, authors, and executors of their own dramatic actions. In a branching narrative
game, the user does not improvise their own dramatic actions, but chooses from a list of
predefined paths for their dramatic experiences. While the choices that the interactor invents
must still fall within the context of the dramatic experience and within the limits of their own
imagination, as Murray related earlier, the act of creating the choice will give the interactor a
greater sense of agency and thus will give them a greater sense of immersion. The greater their
skill in matching the dramatic experience, or the better the system is at guiding them artfully
toward coherent choices, the greater their sense of immersion and the more coherent the
narrative. The elements of an interactive storytelling game all work together to give the
interactor a sense of agency and immersion in their experience, and according to Bostan and
Marsh this involves three simulations which are co-created from the actions of the interactor: a
simulation of the player, of the characters and setting they interact with, and a simulation or
model of the relationships between all of the characters in the model (including the player).
Bostan and Marsh also consider alternatives to digital models and account for interactive
storytelling games where the role of the necessary models are made in real-time by a human
being. It is vital to consider analog roleplaying games which are nearly indistinguishable from

69

their digital counterparts in practice, especially from the perspective of interaction. Marsh and
Bostan make a convincing argument that analog roleplaying games are interactive storytelling
games. Using their operational definition and the architecture laid out above, they show that in
an analog roleplaying game, the dungeon master acts as the “...drama manager, player profiler,
and agent modeler of these systems" (Bostan and Marsh 30). This makes sense from a humancomputer interaction perspective, or from a digital game design perspective, just as it would be
clear to say to an analog role-player or designer that in digital interactive storytelling, the
computer acts as the dungeon master. In many ways the dream of the field of interactive
storytelling is to see a computer game that is able to have interactivity that is as responsive,
interactive, and immersive as the best dungeon master. So why focus on computers and not just
interactive roleplaying systems, especially in the absence of virtual reality? The affordances that
Murray describes illustrate the advantages of digital interactive storytelling games, and the need
to research in order to create them. Bostan and Marsh also explain that artificial intelligence is a
major design and technical concern for those in their communities creating these games, though
the illusion of advanced artificial intelligence may be effective to give a sense of agency. They
write,
The interaction level depends on the believability and the AI capabilities of the agent.
Although it may seem strange at first, players may attribute human characteristics to
virtual agents. The more believable and realistic these characters and their behaviors are,
the more human-like the communication process becomes. (20)
While the technical challenges to creating interactive storytelling systems are numerous, by
Bostan and Marsh’s analysis,
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Interactive storytelling is not only about providing intelligent virtual agents or planning
story structures to get beyond branching narratives, it is a player-centered design process
that focuses on the psychology of the player, his/her needs, the enjoyment or the fun or
the flow state experienced. (35)
Creating these systems is more about the psychology and feeling of agency in the player then it
is about creating an infinite playspace. In 2012, after one prototype had been built painstakingly
by hand of an interactive storytelling system, but long before neural nets allowed for the creation
of dynamic original text sequences based on previous and current player dramatic action inputs,
Bostan and Marsh wrote, “It may not be possible to make customizations on all the proposed
levels... (Bostan and Marsh 35). Certainly creating infinite play spaces that are fully interactive
may never be possible, but limited playspaces, with responsive interaction, and a powerful
feeling of agency were already in existence long before Bostan and Marsh wrote their article in
2012. While in 2012 it was not possible to create the systems needed to make an artificial
dungeon master, it was possible to give players the illusion that they were playing with one. An
early example that accomplishes this which Bostan and Marsh’s use is Baldur’s Gate 2 (Bostan
and Marsh), which came out over a decade before their article in 2000. They highlight that it was
possible with this example to create the feeling of agency and customization that they describe,
“... by customizing some of the proposed levels without even touching at the story structures,”
(Bostan and Marsh 35). This gives the third and final aspect of the crafted definition.
3. Interactive storytelling games exist on a spectrum of interactivity, immersion, and
procedural capability. They are player-centric, both in the terms that Bostan and Marsh
describe, and in terms that if the player experiences a fully interactive dramatic
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experience, even if only because they did not imagine or recognize the borders around
them, then they could be said to have played an interactive storytelling game.
The player’s part in the organization and structure of an interactive storytelling game is more
integral than in many other games. Their recognition of the type of space they inhabit and their
perception of it is as important in its dynamic creation and to the definition of their experience as
is any other part of the system, if not more important.
When Janet Murray describes the holodeck in Hamlet on the Holodeck, she writes:
First introduced on Star Trek: The Next Generation in 1987, the holodeck consists of an
empty black cube covered in white gridlines upon which a computer can project elaborate
simulations by combining holography with magnetic “force fields” and energy-to-matter
conversions. The result is an illusory world that can be stopped, started, or turned off at
will but that looks and behaves like the actual world and includes parlor fires, drinkable
tea, and characters, like Lord Burleigh and his household, who can be touched, conversed
with, and even kissed. The Star Trek holodeck is a universal fantasy machine, open to
individual programming: a vision of the computer as a kind of storytelling genie in the
lamp. In the three series in which the holodeck has been featured, crew members have
entered richly detailed worlds, including the tribal manor house of the Old English
Beowulf saga, a gaslit London street, and a San Francisco speakeasy, in order to
participate in stories that change around them in response to their actions. (15)
Vital to her vision is the illusion of the holodeck. At all points in their interaction with their
digital storytelling genie, the characters are locked inside a small grid lined room. Those seeking
to create interactive storytelling games must see that there will always be walls and limits to their
interactivity and immersion, but with enough design and understanding of the player, they can
create universal fantasy, and learning, machines. Recognizing that the lessons of game design
illustrate how to create these illusions in interaction will allow interactive storytelling game
designers and researchers to find the avenues where players can feel the agency of dramatic
experience as in a world much larger and more finely simulated than any one person could
imagine.
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TESTING AN OPERATIONAL DEFINITION
It is essential to keep in mind that the genre of digital interactive storytelling games is
emerging because it is only recently that artificial intelligence has reached a level where it could
drive the agent model, player model, and drama manager. There exists only one widely accepted
prototype of a fully functional system, the 2005 game Façade by Michael Mateas and Andrew
Stern (Stern and Mateas). One additional functional prototype that fits the definition crafted
above, the 2019 game AI Dungeon by Nick Walton (Walton). Façade is a highly designed,
academically driven, painstakingly handcrafted drama system, which proved not only that
interactive storytelling systems were possible, but that they were incredibly time-intensive to
create with the available technology. AI Dungeon is in many ways its modern foil, built with
deep learning by an AI scientist. Nick Walton does not engage with the interactive storytelling
field, but had only just started to play dungeons and dragons and was inspired to make a digital
game based on what he liked about the game (Harris). He uses an open-source dataset of
creative works without apology, though he also freely calls his experience a game in line with
the definitions of his audience and he does not claim copyright over the work that players
produce in collaboration with AI Dungeon. He claims that his deep learning generated stories are
original because they are inspired by the work of a community, much as human authors learn
from others (Boog); however, it is certainly debatable that training a system to pick the most
statistically likely string of words or letters based on the previous set is the same as reading
volumes of work and practicing the craft of writing. Guided by Wardrip-Fruin’s Expressive
Processing, I use these two artifacts as a case study, both of the state of the field and its current
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development possibility space, and for the importance of game design for future artifacts,
(Wardrip-Fruin).
While the technological progress makes the creation of these systems possible in modern
day, it also demonstrates the need for game design research into their creation. In the field of
game design research, practitioners have often relied on industry practices such as postmortems,
and game design documents, as well as heuristics from admired experts in the field, who may
provide anecdotal advice and informal inductive reasoning about the game design process. For
interactive storytelling games, this will ultimately prove insufficient. Game designers need
quality research to shape these systems, their possibility spaces, their data sets, and their
ideological underpinnings and empower players to evaluate their experiences along those lines.
From the above analysis and its synthesis, an interactive storytelling game is an interactive
experience where the dramatic experience is immersive per Murray (and Laurel), responsive per
Rafaeli. The interactivity is so detailed that the player feels the highest form of agency. A digital
interactive storytelling game is a subset of interactive storytelling games where the dramatic
experience and possibly narrative output are constructed primarily through procedural means
executed by a computer. A few examples of interactive storytelling games and games that are
excluded in this definition are necessary to investigate the definition.
DIGITAL INTERACTIVE STORYTELLING GAMES
Some games explicitly state their purpose as trying to create an interactive storytelling
experience, or their creators state that the goals of their experience are congruent with interactive
storytelling games, though they may not use that term explicitly for various reasons. Also, some
games that attempt interactive storytelling fail to accomplish it, either by their admission or by
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the community's judgment. An example from each category illustrates different aspects of the
operational definition for interactive storytelling games crafted in this chapter.
TRUST AND BETRAYAL BY CHRIS CRAWFORD
As Andrew Glassner suggests, worlds that do not require human language and have
meaningful communication only through a limited set of symbols may be the first places that
meaningful interactive storytelling games exist without limitation on the player (Glassner 435).
The game Trust and Betrayal, by Chris Crawford in 1987,did just this, relying on a set of alien
symbols for communication and imagining a world where interspecies communication was
needed (Crawford, Trust and Betrayal: The Legacy of Siboot). With this game Chris Crawford
tested the feeling of agency by giving a simulation of communication. His focus was on
interpersonal relationships and he wanted to make gameplay all about those relationships.
In the game, the player can exchange information with other characters before a nightly
fight where each character’s relationships with one another determine how they will behave.
Throughout the day in preparation the player moves from home to home to acquire and trade
knowledge to build relationships and prepare for the nightly fight. During this process, the game
is occasionally interrupted by cutscenes with multiple choices about how to respond. and where
their knowledge and the player’s knowledge of their various strengths allows.
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Figure 1: An event outside of the normal game loop which gives more character information and
understanding for the nightly combat. (Crawford, Trust and Betrayal: The Legacy of Siboot)

Figure 2: A conversation with another character. The language is tightly controlled through a
limited set of symbols and limited meanings, and thus arguably misses important play
possibilities available in analog systems. (Crawford, Trust and Betrayal: The Legacy of Siboot)
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In 2015, Chris Crawford tried again with a reboot of Trust and Betrayal called Siboot. He
and his team intended to use the best parts of Trust and Betrayal and his complex engine
Storytron to create a simplified interactive storytelling experience that gave players control over
the dynamic story that the system generated (Moss)). In this Rock, Paper, Shotgun interview one
can see a modern game industry perspective grappling with Crawford’s definition of interactive
storytelling and problematizing whether these games already exist or not. Crawford says that the
new version of Siboot was meant to “...kickstart a revolution in game design” (Moss). The
summary that the interviewer, Richard Moss, provides of Crawford’s vision is revealing,
He wants something that provides the narrative focus of a good novel or film
coupled with the agency of a game, without any pre-authored story branches and
with complex characters who interact with one another independently of you but
who each have a definite role to play (like an antagonist or mentor)
Each part of this definition of interactive storytelling games specify in a way that reveals how the
industry has changed, but it also broadly leaves out the limits in the current game market that
Crawford was still trying to overcome in 2015, before he ultimately gave up on the project in
2016. The first section of the summary misses an important point from Crawford, he is not trying
to couple games and story, but to create a system that allows for the agency of games and play
over a storytelling process. This is incredibly different because the interviewer leaves out the
notion that the narrative is collaborative with the player and the system designed by the
procedural author. What the interviewer is missing is that the story is not separated in any
meaningful way from the dramatic experience the player engages with and that the play, or
agency like a game, for Crawford must be about relationships. Instead, we see an attempt to
define interactive storytelling in terms of what games already do, provide chunks of narrative
between moments of interaction. The rest of the article makes similar assessments that leave out
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key details, such as when the interviewer writes, “Its claims of complex characters and symbolic
language (with 40 to 50 verbs and several degrees of nuance) aren’t perhaps as unique as
Crawford makes out...” (Moss). In this case, what is missed is a vital understanding of both
Crawford and the limitations of the industry. Simply giving a numerical summary of the curated
list of Crawford’s verbs misses the more important meaning that those verbs all deal with social
interaction, and that even modern games struggle to give meaningful play for what Crawford
calls the social interaction module of the mind(Crawford, Chris Crawford on Interactive
Storytelling 7–9).
What Crawford was doing in 1987 and what he was trying to do in 2015, was to give
players the ability to have meaningful exchanges about social relationships within the framework
of a game that led to interesting dramatic experiences. While the idea of having a computer
communicate in a meaningful way, or model a human language in a meaningful way using
sequential programming alone is a huge task, Crawford attempted to limit the number of words
that could be exchanged so that he could focus on creating the meaningful exchange. Whether he
succeeded or not, and admittedly he might be the first to tell you that he did not, to think that this
has already been accomplished by indie games because they often have interesting stories or
allow players to experience meaningful dramatic action is to miss Crawford’s point entirely, and
the point of his games. For the field of interactive storytelling games it is more important to
engage with the discussion Crawford’s work begins than it is to sidestep it through denial or
misunderstanding, otherwise interactive storytelling will go unrefined and players will never get
the chance to skillfully engage with the curated verbs that Crawford believes are so central to
interactive storytelling.
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However, in analyzing the final gameplay, does Trust and Betrayal succeed in creating
an interactive storytelling game according to the operational definition crafted above? While it is
impossible to evaluate the sequel, Siboot, the original Trust and Betrayal does create an
immersive dramatic experience, which is responsive, and gives the player agency over large
portions of the interaction through the use of a limited language; however, the game is
interrupted by large non-interactive text and while much of the gameplay centers on relationships
and intuition, the final nightly battle, which gives consequence and meaning to the action, might
as well be a sword fight and shows how even thoughts and feelings can be objectified. Trust and
Betrayal and much of Chris Crawford’s work set the stage for interactive storytelling
experiences, and by the time one was created in Façade, much of what Crawford focused on in
interpersonal relationships proved to be vital to the success of the first interactive storytelling
game prototype.
FAÇADE
The interactive storytelling experience, Façade, was the first working prototype of an interactive
storytelling experience recognized by several different authorities in the field as the genuine
experience that the field had been seeking for decades (Miller; Mehta et al.; Magerko) The
creators do not call Façade a game, but instead an interactive drama (Mateas and Stern, Façade:
An Experiment in Building a Fully-Realized Interactive Drama; Mateas and Stern, “Writing
Façade: A Case Study in Procedural Authorship”). They make this choice for many of the same
stated reasons that Chris Crawford differentiates the experiences he describes. Despite this,
Façade wins game awards (Mehta et al.), is written about as a game in game magazines
(Adams), and has been included as a must-play game in a recent popular publication (Mott).
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Clearly, many in modern culture would define Façade as a game regardless of the creators’
desires. Beyond that, even in writing of their creation, Stern and Mateas describe how Façade is
made of several games behind the scenes.
An underlying necessary structure in order to create the local agency level of decisions
was to focus on game structures and game design, as Stern and Mateas write, “Games, which are
procedural by nature, achieve the high degree of event variability and player agency that we
desire...” and the challenge was to add narrative coherency to these and to give the actions the
meaning that they needed for their procedural story (Mateas and Stern, “Writing Façade: A Case
Study in Procedural Authorship” 6). Game structures govern how Stern and Mateas succeeded in
creating a high degree of local agency and their effect on the relationships between all characters
in the scene give the global agency.
Façade focuses it’s gameplay and its dramatic action on social games as the creators and
authors of “Writing Façade: A Case Study in Procedural Authorship,” explain (Mateas and Stern,
“Writing Façade: A Case Study in Procedural Authorship”). The influence of Crawford, Murray,
and Laurel in their design is evident, not only from their direct quotations, but from their use of
concepts to create the entire twenty minute experience, ranging from a discussion of
procedurality (Murray), to continuous theatrical interaction (Laurel), to the focus on relationships
(Crawford) and the refinement of concepts first seen in Trust and Betrayal are most clearly seen
in the gameplay, which moves from one social game to another, and in line with the
responsiveness needed for interactive storytelling, considers each action and result in
determining how the agents behave and the interaction continues (Mateas and Stern, “Writing
Façade: A Case Study in Procedural Authorship” 6–7). Though the authors of this interactive
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drama are more than entitled to insist that their work is not a game, culture and the systems at its
core seem to beg to differ. Ultimately, the inability to escape the usefulness of calling Façade a
game is the best evidence that interactive dramas are a type of game, regardless of whether they
are also definable as other activities or phenomena.
Where Trust and Betrayal has an episodic structure with a clear nightly winner and losers, the
goals and the feedback of Façade is diegetic and allows the player to determine what dramatic
action is desirable. While the player is given the role of a close friend of a couple who has
invited them to dinner, and who is unexpectedly on the verge of divorce, the player is not given
directions or feedback outside of actions and dialogue with the two other characters (Mateas and
Stern, “Writing Façade: A Case Study in Procedural Authorship” 5). This means that the goals of
the player are self-determined, or as the authors write, “the player is given almost no direction or
role to play; she simply tells the system her name and gender, allowing her to ‘play herself’”
(Mateas and Stern, Façade: An Experiment in Building a Fully-Realized Interactive Drama 3).
As the first, and only universally academically recognized version of interactive storytelling, and
also as the only Chris Crawford recognized success, Façade sets many precedents and as Chris
Crawford says, it changed the conversation from if it was possible to make such an experience,
to how could the experience could be improved (Phrontisterion 6 Interactive Storytelling Tools
for Writers Chris Crawford). Façade is both the first example of an interactive storytelling game
and the example of why interactive storytelling experiences are games.
One of the vital aspects for understanding how Façade succeeded in changing the conversation is
to see the roots of its successful interaction in game design. One way that the creators model the
experience is as a progression of several psychological/social games that change not only the
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immediate goals of the agents, but the overall dramatic structure and pool of possible beats
(Mateas and Stern, “Writing Façade: A Case Study in Procedural Authorship” 6), 6). It is the
structure and central verbs of these games that allow for the game to be responsive, dramatically
dynamic, and which gives the player a high degree of agency, which Stern and Mateas delve into
more thoroughly in a discussion of global and local agency. This ability of coupling global and
local agency is actually key to what an interactive storytelling game is. It allows for a unique
movement from free play into ordered structured play. This is the opposite trajectory noted by
Brian Sutton Smith for digital games, normally players move from playing a game to playing
with the game as a toy, breaking it’s boundaries after having mastered its challenges. In the case
of interactive storytelling games, the game adapts the challenge and the play type to move from
interaction with the story as a toy, to interaction toward mastery within the story and the games
that are buried in its dramatic structure.
The authors blame the tension between global and local agency for the lack of previous
success in interactive storytelling game development and design and show how a high degree of
global agency leads to game structures like those of interactive fiction and a high degree of local
agency lead to games with coherency like chatterbots that track only the last conversational
phrase entered, (Mateas and Stern, “Writing Façade: A Case Study in Procedural Authorship”
5–6), 5-6). Through their definition global agency gives players long term influence over the
events in the game and local agency gives moment-to-moment influence. Games that focus on
local agency had a great deal of noise in their narrative structure as players could manipulate a
great deal of elements, whether those elements ended up being significant to the dramatic action
or subsequent construction of a narrative afterward. Games that focused on global agency often
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left the player feeling railroaded into decisions that where incoherent on a smaller scale, and so
the story was not theirs in the same granular way. Stern and Mateas also point out that these
different approaches focused on different affordances described by Murray (Mateas and Stern,
“Writing Façade: A Case Study in Procedural Authorship” 4–5). Those that focused on local
agency tended to focus on the procedural affordance, and those that focused on global agency
tended to focus on the encyclopedic affordance by creating a large amount of static content
(Mateas and Stern, “Writing Façade: A Case Study in Procedural Authorship” 4–5). Where
Façade succeeds is that it balances these two affordances and creates a large pool of story beats
that are strung together procedurally through a series of local agency level choices.
Stern and Mateas share in some detail how game structures influenced their design.
“Instead of jumping over obstacles or firing a gun, in Façade players fire off a variety of
discourse acts in natural language, such as praise, criticism, flirtation and provocation...” (Mateas
and Stern, “Writing Façade: A Case Study in Procedural Authorship” 6). This is the kind of
attention to the verbs a player is using that Crawford calls for in his work and attempts in Trust
and Betrayal. The plot of the game follows a series of story beats which are the diegetic
feedback to the games being played, which are given to the player through interactions with the
other two characters, Grace and Trip. “During the first part of the story, Grace and Trip interpret
all of the player’s discourse acts in terms of a zero-sum affinity game that determines whose side
Trip and Grace currently believe the player to be on” (Mateas and Stern, “Writing Façade: A
Case Study in Procedural Authorship” 6). SImultaneously, the player is involved in a “hot-button
game” which can reverse the affinity results of this other game and which determines how much
information the player has access to from each character (Ibid). The second act of the game
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moves into a therapy game where, “...the player is (purposefully or not) potentially increasing
each characters’ degree of self-realization about their own problems...” (Ibid). Each of these
games is held together and made part of a coherent dramatic action through the system
constantly tracking the tension level in the scene and which affects their attitude towards one
another and self awareness (Ibid). In a manner that had not been achieved until this game was
released, the local and global agency combined to “...form an aesthetic of a loosely-plotted
domestic drama” (Ibid). The structure is like that of a Mega-game, where players have their own
agenda and are playing several games at once not only for each individual game goal, but for the
effect those games have on one another. Façade is most certainly an interactive storytelling
experience and it is inescapably a game.

Figure 3: Façade interactive drama architecture (Ibid 8)
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Though the creators of Façade argue that it is not a game, but an interactive drama, many
definitions of games would include Façade and any interactive drama. Their emphasis, like
Chris Crawford’s own insistence that interactive storytelling experiences are not games, place
them and their work outside the realm, and away from the critiques, of those in the games
industry and in academia who think that narrative has no place in games.
The argument that Façade is not a game because it has no clear goals or points structures
is false, since instead it has a myriad of goals which the player can choose from and shift
moment-to-moment, and since the actions of the player are tracked with internal point systems to
determine the next moment of the experience. Not only is that claim false, but many games have
no obligatory goals or point structures and are considered as games, such as SimCity, Minecraft,
and Grand Theft Auto 3. Façade is clearly a 1) play facilitating activity, 2) that is mediated by a
computer, 3) which allows players to interact systematically with a central object, 4) in this case
a simulation of a dramatic situation. By that definition, any interactive drama is a game, and any
interactive storytelling experience is a game. However, one might believe that this will not
continue to be true of interactive storytelling once they have a greater deal of global and local
agency, since Mateas and Stern write that they did not achieve the level of agency they hoped for
in either case (Ibid). To analyze whether this is true, an analysis of an interactive storytelling
game that does achieve this level of coherency of global and local agency is needed. Only one
such experience currently exists: AI Dungeon.
AI DUNGEON
A major innovation and shift in interactive storytelling games happened recently to this
writing and came from outside of the field of interactive storytelling games. An AI engineer,
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Nick Walton, participating in a game jam created a system that dynamically incorporates player
text input into a dungeon crawling text adventure which uses chooseyourstory.com to fine tune
its writing data set. Chris Crawford predicted this development and many of the problems with
the first version of the game.
In a 2018 blog post, Chris Crawford recognized the potential and called out what he saw
as the dangers of designing interactive storytelling games with deep learning as core
technologies. While writing about why he was ending work on interactive storytelling, he wrote:
In this case, the designers could tap into any of three huge databases of fiction:
murder mysteries, action thrillers, or gothic romances. We’ve got a zillion of
these, and if you just feed them all into a large enough deep learning AI system,
then it can figure out the entire pattern. You need only turn it around to have it
spit out new versions of the same old stuff. You could probably make it
interactive by having it sequentially find the best fit pattern response to the
player’s actions. (Crawford, “Why I Am Ending Further Work on Interactive
Storytelling”).
In 2019, Nick Walton, without mentioning the field of interactive storytelling or this blog post,
did exactly what Chris Crawford predicted. He built AI Dungeon, which he said he built at a
hackathon and was inspired because , “I’d also recently started playing Dungeons & Dragons,
and my first thought was, what if you could make an AI dungeon master?” (“How Nick Walton
Created AI Dungeon”). The naivete of his story illustrates three things. First, capable AI
engineers are and will continue to tackle problems outside of their expertise and can achieve
surprising success with and second, the first pattern based interactive storytelling game was built
by an inventor who apparently had little knowledge of the field at the time. Finally, it is clearer
that interactive storytelling games are games to those with an untrained eye.
The technology behind AI Dungeon is ingenious, exploitative, and represents what is
most likely an essential step in developing interactive storytelling games. The much smaller
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experiences with much less agency from the player that can be built by hand can now be built
using datasets of writers and with a great deal of work to parse the input of the player so that it
fits with the text and can help generate the next dynamic generative section. AI Dungeon is
responsive in its interactivity because the player’s previous input not only matters for the
generation of the overall direction of the plot, but for the entire direction of the plot, and even for
each word, if not each letter, of the output. AI Dungeon generates dramatic experiences that the
player can translate into their narrative about play, but create the text of a story that can be output
for sharing. While the possibilities generated from one input are not infinite, they are high
enough in number to give the player much more interactivity on the continuum that Rafaeli
describes (Rafaeli and Sudweeks). The illusion of agency is at its highest and the AI built story is
not made based on randomness to give a facsimile of reality, but rather it is based on the
statistical likelihood of the next word coming up with designed caveats (“How Nick Walton
Created AI Dungeon”).
AI Dungeon also demonstrates why game design research is needed to create this genre
and to design these games. While one article praises how relatively easy it was to create this
game, the marvel at the technology ends there, as most playthroughs marvel not at the fun and
immersion of the game, but also at the odd way the stories come out. AI Dungeon exemplifies
Crawford's point that these stories are derivative and not immersive or artistic, though where he
predicts it is impossible to change this, what is missing from the formula is human design,
writing and play.
Consider Walton's use of the dataset from chooseyourstory.com (“How Nick Walton
Created AI Dungeon”). There is no mention of compensating the creators of the thousands of
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stories who put their creative energy into creating the site, he did not compensate them for their
efforts. At the same time, he does not currently have plans to copyright the works produced
through collaboration with his game (Boog).Though there is a compelling argument that the
stories his game writes in collaboration with the player are completely derivative of those stories,
he says they are original. Writers do learn from other writers and one could argue that the AI is
doing the same kind of learning. However, AI Dungeon shows a lack of recognition for the
community whose writing makes up the database that determines the weights for the AI’s
decision. While AI Dungeon is field transforming its relationship to the writers that populate its
databases is deeply problematic AI Dungeon takes humans out of the equation both in terms of
creativity on the dynamic generation of the experience and in terms of compensation for that
creativity. This model is unlikely to produce art, not only for the technical limitations that
Crawford points out, but primarily because it relies on not needing creativity rather than on
aiding or enhancing it.
Bringing people into both sides is essential to offering fair compensation models for
interactive storytelling games and creating immersive experiences. The lack of apparent meaning
from the dynamic stories in AI Dungeon may stem from a lack of coherency in the stories and
though AI Dungeon is a leap forward for this genre technologically, the elegance of its AI does
not match the highest levels of achievement in other deep learning areas, if only because it did
not have the same resources put toward it. In it’s newest iteration, AI Dungeon uses what it calls
the Dragon model, which is powered by OpenAI’s GTP-3, the most powerful language learning
generation AI available. The results are stunning, and the AI no longer exclusively uses a fantasy
dataset. But when the writing of that many humans is involved where does the fair compensation

88

go? Ideally, AI-driven narrative would not merely create dramatic experiences that moved us as
great human originated stories have, but it would surprise us at the coherency of experiences we
could never have imagined. This kind of procedural storytelling demands artistry at the level of
the writing or dramatic elements, but in crafting the procedural mechanisms themselves.
Chris Crawford's main argument in the opening of his book on interactive storytelling is
that neither game designers nor writers have the necessary skill set to create art with interactive
storytelling (Crawford, Chris Crawford on Interactive Storytelling). Chris Crawford elaborates
on why. Both are used to using tools that ignore important aspects of the genre. For writers, they
are too used to their authorial control and their tools do not involve setting up situations for
another to create a story with, but rather creating the experience of the story for the reader, or
watcher. Even interactive fiction does not give control of the narrative to the player, but rather
lets them choose among many designed narratives. For the game designer, who does set up
situations for players to experience, they lack the experience in thinking about relationships as
the core element of interest in their experiences and tend to be very good at setting up situations
with objects that create interest for interaction. For this reason, Chris Crawford argues that this
new genre must have its virtuosos.
While these points are debatable since certainly individual game designers and writers are
multifaceted people with unpredictable skill sets and experiences, Janet Murray points to a
broader trend in literature and the need for time and experience with the genre to create art. She
uses the example of Charlotte Bronte when she writes, "The difference between the Brontë
juvenilia (discussed in chapter 6), and Jane Eyre is the difference between derivative and rigidly
formulaic expression and an original work of transforming genius" (Murray, 279). She traces the
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experience needed for Charlotte Bronte to transcend the genres that dominated her time. As she
writes, "Charlotte Brontë could not have written Jane Eyre solely within the formulas of her
juvenilia any more than she could have written it solely within the form of the courtship novel as
Jane Austen had perfected it," (Murray, 279). Jane Eyre's utterance that she analyzes as
transcendent is, "“I care for myself!”" and she writes that "it is a powerful expression of
Victorian social realities and of the enduring human conflict between passion and autonomy,"
(qtd in Murray, 279). While many would claim that AI will be unable to create such transcendent
moments of genres, that sort of moment often comes from a moment of insight that has eluded
artists for a great deal of time. Those predictions miss the artistry needed to write algorithms that
can search for those synthesized creative moments and share them, as was accomplished with
AlphaGo Zero.
This kind of artistry combines an understanding of the creative field the AI is built for
and the procedural technology that creates the combinations. Murray predicts, "We may be at the
juvenilia stage of electronic narrative for some time yet, as we gain practice in procedural
virtuosity. But we have come far enough in establishing the traditions that will nourish future
storytellers that we can begin to speculate on what the medium might someday offer us in a more
realized art" (Murray 279-280). In either case it will not be the AI itself recognizing and sharing
transcendent meaning, but a talented and insightful cyberbard, as Murray calls future cyber
narrative authors, can create a program that captures the transcendent understanding of the
dramatic experiences they seek to create. And that begs the questions that Murray asks after
writing on the transcendent use of soliloquy in Hamlet ,"What similarly revealing construction of
the world might we expect from a fully realized cyberdrama? What aspects of our inner and
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outer lives await the expression of a future cyberbard?" (Murray 280). Here Murray is speaking
not only about interactive storytelling, but the entirety of the future of electronic narrative when
she writes of cyberdrama. Her prefixing of cyber to bard and drama are meant to evoke the
affordances she attributes to the digital medium and to the need of bards and future dramas to
consider those affordances. She uses bard not only to allude to her title, but because it
encompasses the kind of multifaceted work of storytellers in this medium who may program,
write, place objects in a virtual space, or contribute to animations or set dressing in order to
attain their creative vision.
The difference now is that the artists creating the dramatic experiences are letting go of
the control and though they may originate the patterns and the understanding that bring about a
transcendent artistic experience, the network of agents creating it together will now finally
clearly be the creator, the audience, and the technology that mediates between them.
Walton’s game has shown what is possible and now it is time for him and other
designers and developers to seek understanding of where games like AI Dungeon could go. To
do otherwise would be to allow a medium to wallow in exploitative practice and as Crawford
warns would, “...stop us dead in our tracks for a few decades.” (Crawford, “Why I Am Ending
Further Work on Interactive Storytelling”). Indeed, AI Dungeon is under development and the
newest iteration, AI Dungeon 2, which uses more advanced AI along with vital interfaces for
users to get into the collaborative loop, shows a great deal of potential for addressing how users
might be included and empowered creatively by such a program. Features that allow users to
directly change output from the AI or that allow them to create focal points for it and most
importantly multiplayer, show that the first iteration of the game is not the final word on how AI
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Dungeon could develop. Still missing from the newest iteration and from the team is the
humanities.
AI Dungeon has since been worked on a great deal and with some important but subtle
changes to the gameplay, it has brought the voice of the player more clearly into the game and,
along with AI improvements, it has given its content an incredible degree of coherency. As of
this writing, according to its linkedIn page Latitude, the company now making AI Dungeon 2,
employs no game designers, game design researchers, or writers (Latitude: Overview LinkedIn).
For a game that has some of the most complex design challenges and writing challenges of any
game ever made, this is problematic, and though they are actively hiring these positions and thus
begin to deal with this deficit. The company’s response to player’s requests for better output was
to employ a better AI behind a paywall, which did improve the responses; however, the decision
not to bring in game designers and writers earlier shows that at that time they had no belief in the
necessity for humanities based experts in the loop. Thankfully, their perspective seems to be
changing. Denning and Tedre, computational thinking experts, point out the problem with this
thinking when they describe the myth that computational thinking is a skill that transcends
domains. As they write in their preface to Computational Thinking:
Computational thinking is sometimes portrayed as a universal approach to
problem solving. Take a few programming courses, the story in the popular media
goes, and you will be able to solve problems in any field. Would that this were
true! Your ability to solve a problem for someone depends on your understanding
of their context in which the problem exists. For instance, you cannot build
simulations of aircraft in flight without understanding fluid dynamics. You cannot
program searches through genome databases without understanding the biology of
the genome and the methods of collecting the data. Computational thinking is
powerful, but not universal. (10)
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Humanities experts are needed at Latitude for the same reason that flight experts of all domains
are needed at Boeing. One cannot build simulations of what one does not understand, and trying
to do so with AI only would have undesirable if nightmarish consequences. Thankfully, this
company at least seems to be acting to get humanities experts in the door and involved on each
level.
CONCLUSION
In creating an operational definition for games, Marie-Laure Ryan’s work was key to
understanding games in situations where they have a great deal of overlap with narrative. Her
work is also incredibly relevant to interactive storytelling games as a subgenre specifically. She
places games in four categories that have to do with the role of the actor and player involved in
them, and she makes clear that her concerns have to do with the future and part of narrative and
hypertext games specifically. Two of the categories have a direct interaction with interactive
storytelling games, as does her use of the holodeck myth. As she describes it, the holodeck, and
thus most interactive storytelling games, belong to her fourth category, “Internal-ontological
interactivity” (Ryan, “Beyond Myth and Metaphor* -The Case of Narrative in Digital Media”).
As she writes, “If the Holodeck could be fully implemented, this is where it would belong....Here
the user is cast as a character who determines his own fate by acting within the time and space of
a fictional world" (Ryan, “Beyond Myth and Metaphor* -The Case of Narrative in Digital
Media”). This quick definition of her fourth category, could serve as an operational definition of
interactive storytelling games. Her further specifications can help tease out design details and
challenges of this emerging genre, and show how powerful a specific definition can be in
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determining the limits of a discourse and in illuminating aspects that need further exploration and
examination.
For instance, Ryan goes on to write, “In this type of system interactivity must be intense, since
we live our lives by constantly engaging with the world that surrounds us" (Ryan, “Beyond Myth
and Metaphor* -The Case of Narrative in Digital Media”). This emphasis shows how
engagement and interactivity are imagined to be constant and ubiquitous in such a system. The
system thus represents a simulation powerful enough to react to continuous engagement. She
extrapolates much of these consequences, when she writes next, “The interaction between the
user and the fictional world produces a new life, and consequently a new life-story, with every
run of the system. This destiny is created dramatically, by being enacted, rather than diegetically,
by being narrated" (Ryan, “Beyond Myth and Metaphor* -The Case of Narrative in Digital
Media”). Here Ryan’s definition invokes Janet Murray’s Hamlet on the Holodeck and directly
engages with that defining work and Brenda Laurel’s Computers as Theater, which she mentions
earlier as one of the two primary ways that narrative readily arrives in all digital designs. Ryan’s
article alone has a great deal of guidance for would-be cyberbards, or creators of games for
digital narrative systems, especially those with abilities similar to the mythical holodeck
(Murray, Hamlet on the Holodeck 280–84). Game designers and game design researchers who
want to create interactive storytelling games, need to consider authors like Marie-Laure Ryan’s
work in order to better understand their own visions and operational definitions of both games
and interactive storytelling games specifically. Those who do not take into account the ways in
which interactive storytelling experiences are games or who deny their overlap, will find an
overwhelming number of challenging design problems that they have no reference to solve. Or
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worse, they will release interactive storytelling experiences that do not solve these problems and
their players will suffer for their ignorance.
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CHAPTER 3
COMPUTATIONAL THINKING AND INTERACTIVE STORYTELLING GAMES
Through an exploration of what computational thinking is, and the current state of
interactive storytelling games, this chapter argues that now is the best time to begin creating
interactive storytelling games to teach computational thinking. Computational thinking involves
thinking through how computers can do jobs for and with humans (Peter J. Denning and Tedre
14). As defined in the last chapter, Interactive storytelling games are games that give players the
ability to dynamically build dramatic experiences around what they say and do in a storyworld.
This chapter will show that computational thinking is the first subject interactive storytelling
games have the greatest affordances to teach. These affordances will become clear through a
synthesis of writings from Peter Denning and Matti Tedre's defining work on computational
thinking as a field, Janet Murray’s affordances, Chris Crawford’s analysis of interactive
storytelling for learning, and Brenda Laurel’s explanation of the various parts humans can play
in near-future interactive storytelling systems. This chapter makes this case by examining
computational thinking and the links between that subject and the emerging genre of interactive
storytelling games.
Computational thinking is the focus for three reasons. First, teaching computational
thinking alongside other subjects, such as composition, can significantly improve students’
performance in both subjects (Lansiquot, Satyanarayana, Cabo 1), making computational
thinking a useful starting point. Second, narrative is an effective scaffolding tool for high-risk
students without a background in programming or other subjects related to computational

96

thinking (Cabo and Lansiquot 1), making applying an interactive storytelling system particularly
applicable to this chapter’s argument. Third, interactive storytelling is a new genre of games that
requires text based input in order to create its first versions. Text based input is historically one
of the first methods that players had to interact with narrative centered games, and it also has
many parallels to physical programming. Through physical typing games can use realistic coding
affordances, like the interactive narrative game Hacknet, which pairs narrative motivation and
scaffolding with a hacking simulation using actual UNIX commands (Hacknet). These
affordances for programming input may not be as accessible in a decade, when gesture or touch
based commands become more common. Interactive storytelling games that rely on typing for
input, like AI Dungeon, could utilize the same mechanics and computational thinking
affordances that Hacknet does, but could focus their open-ended gameplay on computational
thinking and allow players to explore the topic autonomously in an adaptive learning capable
game.
FUNDAMENTAL COMPUTATIONAL THINKING CONCEPTS
Like game studies, computational thinking consists of a broad set of interacting fields,
such as software studies, code studies, or new media. As synthesized from the writings of many
computational thinking scholars in an article about modifying games to teach computational
thinking, Kynigos and Grizioti summarize that for many “Computational thinking (CT) refers to
the mental process of understanding and solving problems by using efficiently a set of concepts,
practices, strategies and behaviours fundamental to computer science, such as problem
decomposition, algorithm building, analysis, generalisation and abstraction” (Kynigos and
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Grizioti 2252). While this definition, and the ones like it from which it was crafted, show many
facets of computational thinking, another definition from Peter Denning and Matti Tedre
emphasizes design for immersion in communities, and as a method of explaining, or modeling,
the world using computational models and tools (Peter J. Denning and Tedre 10–14; 86). Their
definition expands computational thinking beyond problem solving methods born from
sequential programming and builds upon that idea to include new architectures and roots them to
the practical applications that computational thinking is tethered to, and for this reason their
definition is the operational definition for computational thinking in this dissertation; it reads that
computational thinking is "...the mental skills and practices for designing computations that get
computers to do jobs for us, and explaining and interpreting the world as a complex of
information processes," (Peter J. Denning and Tedre 14; 86). While learning computational
thinking would better prepare learners to work within and interpret works in these adjacent
fields, they are outside the scope of this dissertation and are not the subject matter of its case
studies or analysis. This dissertation is conversant with computer architecture, programming
language choices, and emerging software structures, such as deep learning as situated in
computer science.
One vital implication of this nominal definition that is often missed in general discussions
of computational thinking is that computational thinking changes based on the technology it is
used for. Traditional computational thinking has centered on logic based sequential systems that
read like a series of orders to a computer. This programming focuses on binary representation
and boolean logic and is most often the only computer structure thought of when discussing
computers or computational thinking. Alternatively, pattern based architectures, such as neural
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nets, discern statistical probabilities of decisions based on reward-punishment structures and
models of neurons, or other pattern embedding structures. These architectures require hours of
preparation and give individualized outputs based on trained networks that depend on the inputs
they were given and the order they occurred in. Their trial and error learning demands new kinds
of computational thinking. Any new model for computation and the associated technology
“...defines a new computational model that is the target for designers” (Denning and Tedre, 85).
While beginner computational thinking currently focuses on sequential logic thinking, this will
not always be the case, as it becomes more valuable for everyone to understand other modes of
computational thinking and technology that drive them. Ultimately, understanding these models
in advanced or elementary stages also allows learners to gain better understanding of these
technologies as models of reality, or specific parts of reality such as the brain, and our
relationship to these technologies.
The field of computational thinking, even when narrowly defined, has broad areas of
specialized knowledge and understanding. A quantum physicist might have an easier time
understanding quantum computers than a traditional computer scientist trained on sequential
reasoning and binary logic anda “Computer scientists trained to think in terms of computational
steps have more trouble than molecular biologists understanding how DNA computing works”
(Denning and Tedre, 86). Sometimes new architectures for computer systems are more
approachable to experts in other fields than computer experts trained on different models.
For most of the history of computational thinking as a broadly used term, those using it
have referred to the modes of thought adopted by Von Neuman architectures, which are
characterized by binary logic occurring in sequential steps. One of the key reasons Denning and
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Tedre crafted and chose their definition is its applicability beyond the Von Neuman architecture
(Denning and Tedre, 86). Both the quantum computer and the neural net architecture are key in
modeling other types of thought such as the pattern recognition of DeepMind (Mnih et al.).
These architectures have already allowed for AI to advance beyond what many thought was
possible, including playing Go at superhuman levels (Silver, Huang, et al.), mimicking voice and
facial expressions allowing for deep fakes (Naruniec et al.), and generating text within the style
of popular fiction, such as Harry Potter (Thorne). These examples on their own have large
implications for how AI might be employed in education, for better or worse.
For instance, the game of Go itself has changed dramatically since AlphaGo discovered
new openings and helped experts realize that human experts were imprisoned by a local maxima,
or an area that seems like the best solution only because other solutions have not been explored.
Players were all taught to avoid certain openings for centuries and so no one explored the
possibilities of other openings even though some of the highest level play can occur with them.
Fan Hui, one of the first notable Go champions that AlphaGo beat, increased his ranking
significantly after playing AlphaGo and credited the experience with “...giving him new insights
into how to play the game.” (Du Sautoy 27) However, players who have devoted their lives to
learning the game, and Fan Hui may only be putting an optimistic spin on the fact that humans
will no longer be able to defeat their own machines in a game players spend their lives
mastering. Without careful design, the game of Go and its champions might never hold the same
place in society that they once did, a place that was arguably bolstered internationally by
DeepBlue’s defeat of chess champion Gary Kasparov (Du Sautoy). Intellectual strategy game
champions are not the only ones threatened by automation. The use of copyrighted works in the
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process of creating AI authored texts or other art is already bringing up a myriad of legal issues
and the question of how to empower authors in such an environment is an open and challenging
one (Degli Esposti et al.). While neural nets and other new architectures expand the domain of
artificial intelligence, they do not alter the basic advantage that such systems leverage over
human-only processes: speed.
Computer speed scope is important to understand, and it drives new architectures.
“Although humans can carry out algorithms, they cannot do so nearly as fast as a machine;
modern computers can do a trillion steps in the time it takes a human to do one step” (Denning
and Tedre,13). Another advantage is that those calculations that humans can do very quickly are
often based on intuition and are buried in our mind’s processes that some of them may never be
understood. Self-learning machines have raised another concern: explainability. Users, and
designers, want to see and understand the logical steps that a program takes to reach its
conclusions (Denning and Tedre, 77). The problem is that neural nets are designed as models of
neurons, and act based on probability rather than sequential logic. One can examine the
probability of particular decisions, but these probabilities, which are arrived at over training
sessions that often last hours if not days, do not reveal why they came about. Even examining
each failure and success that led to the overall pattern is not a straightforward analysis of clear
logic, but rather observation followed by a hypothesis that leads to clear conclusions, must be
understood through experimentation and further testing. “All there is inside is an inscrutable,
complex mass of connections. It is the same problem with fellow humans— how do we explain
why we do certain things?” (Denning and Tedre, 77). This is not to say that having access to
these neural networks does not give further understanding of the problem solving, but rather that
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traditional computational thinking approaches to understanding a program need refinement to
operate in the neural network architecture. Building computer programs is a way of building
models and though we are learning that explainable AI may be a fantasy, the programs that
mimic neural networks are built from the ground up and can give us insights into models of
thinking never before created with a speed beyond human capability.
Denning and Tedre outline several vital lessons about computational thinking toward the
end of their book.These lessons have some straightforward applications for examining teaching
computational thinking with interactive storytelling games and alongside artistic communities.
The first and one of the clearest is that computational thinking is not the only domain or type of
thinking an individual needs, but rather is an additional skill and perspective on problem-solving
and computers, (Denning and Tedre, 93). As they write, “Our conclusion is that computational
thinking is often a welcome addition to other fields, but not a replacement for their ways of
thinking and not a meta-skill for all fields” (Ibid). The call to teach computational thinking then
does not hinge on it being a skill to replace all skills, but rather on the central and pervasive
computer technology presence in modern life.
Though the computers’ influence is far more evident in modern life, computational thinking has
been present since humans first created algorithms to solve problems with shared characteristics.
After computational thinking (CT) became popularized by Jeanette Wing through the NSF in
2007, “CT seemed to be a new invention, a breakthrough portending a revolution in K–12
education. The truth is, human beings have been doing CT for over 4500 years. It has been
advocated for K–12 education since the 1960s” (Ibid). The 2007 bid for a computational thinking
focus in k-12 was successful in spreading its message far beyond even Jeanette Wing’s
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imagination (Wing and Stanzione, 10) She wrote in 2016 that “Computational thinking will be a
fundamental skill used by everyone in the world by the middle of the 21st century. By
fundamental, I mean as fundamental as reading, writing, and arithmetic” (Ibid). The widespread
view of computational thinking as fundamental also contributes to its being fundamental, since
employers, teachers, and peers more commonly expect an individual to have proficiency with
elementary computational thinking.
However, this pervasiveness has also led to some misconceptions and a lack of
recognition for advanced computational thinking and the different issues it raises. Denning and
Tedre write at length and in their summary about how “The public face of CT is that of
elementary CT” (Denning and Tedre, 94). A central argument in their work is that “CT
education must include advanced CT in the public realm in order to prepare students, educators
and communities for the realities of technology as they change” (Ibid). Public recognition and
understanding of advanced computational thinking will only occur when accessible and diverse
methods of teaching it become widely available and used. The synergy between CT for
beginners and CT for professionals “...has propelled the computer revolution” (Ibid). The
misrepresentation of computational thinking as being only composed of elementary
computational thinking not only harms understanding but makes the bridge between the two
harder for students, teachers, and communities to cross.
Speed drives the computer revolution (Denning and Tedre, 93). “Most of what software
does for us is made possible by the incomprehensible speed gap between computers and
humans—billions to trillions times faster” (Ibid)” These incredible speeds drove the sequential
logic algorithmic-based computations to transform society, and they are driving the current AI
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revolution as well. AlphaGo Zero learned and played Go with superhuman capability in 72 hours
(Silver, Schrittwieser, et al., 8). The authors distill how incredible these speeds and how
potentially transformational their power can be when they write:
Humankind has accumulated Go knowledge from millions of games played over
thousands of years, collectively distilled into patterns, proverbs and books. In the
space of a few days, starting tabula rasa, AlphaGo Zero was able to rediscover
much of this Go knowledge, as well as novel strategies that provide new insights
into the oldest of games. (Silver, Schrittwieser, et al., 14)
Advanced computational thinking includes the skill of predicting what effect this kind of
technology will have on society. In the face of these new developments, it also includes facing
our limitations as human beings. As Denning and Tedre write:
The machines can literally do the humanly impossible. While it is true that
humans can personally perform algorithms for some information processing tasks,
the revolutions of the computer age are not about where people can perform
algorithms in their own lives, but about what computers are able to do for them.
(93)
Computers' speed is beyond the humanly possible, and though computational thinking is
valuable for teaching people different modes of thought, it is vital for learning what computers
can do for them. As a society and as individuals we have a responsibility to understand the
technology we create to deploy, use, and iterate on it with the best interests of ourselves and
others in mind.
Denning and Tedre point out that mistakes can be deadly, and that the computer’s speed makes
them sometimes impossible to catch during their execution (Denning and Tedre, 11). As they
write, “ How can we know that the algorithms running critical systems can be trusted to work
properly, bringing benefits and low risk of harm? We need clear thinking to help us find our way
through this maze of complexity” (Ibid). The processes now being automated by computational
systems might have been imagined by Ada Lovelace, but they are recognizably the domain of
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recent science fiction as well. However, they slip into misunderstanding play when they write,
“This requires an advanced form of CT that is not learned from children’s simulation games.
“CT for professionals” is deadly serious” (Ibid). Their implied belief that this seriousness means
that advanced computational thinking cannot be taught through play needs challenging. Learners
of advanced computational thinking will only be able to master the skills needed to create
systems that are safe through play, where they are allowed to experiment and make mistakes.
Even the neural network training that is required to make technology that the public trusts might
be seen as designing and modeling play in simulations for neural networks, and it is a design
problem that causes a lack of novelty in some of these simulations which can cost lives and
create serious issues in pattern recognition based architectures.
New architectures demand new types of expertise and computational thinking. “For
example, an expert programmer who knows nothing about quantum physics will have little to
offer to a team of physicists working on a quantum computer” (Denning and Tedre, 93-94). In
addition, even when traditional computation is involved, creating advanced systems requires
expertise in the context specific domain (Ibid, 94).... “Much of advanced computational thinking
is context-specific and tightly tied to the application domain” (Ibid). Creating systems that rely
on an expert domain require more than clever software development. This is equally true in the
arts as in the sciences.
In one subject area, computation has already been recognized as a transformational force,
not only multiplying what people can accomplish, but fundamentally transforming the field and
its methods. “Computational thinking has fostered a revolution in science” (Ibid). The radical
change in science as a result of computer technology is an example of how fields interact with
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one another and how technology can radically change the human culture that creates it and that it
helps create. Each branch of science has come up with its specific forms of computation and
computational thinking (Ibid). There is no reason to believe that a similar process has begun and
is emerging in the interaction of the arts and computer technology. Beyond enhancing artists'
capabilities to create their visions in both old and new forms, advances in artificial intelligence
and alternative computer architectures make it more vital than ever that artistic communities seek
to understand and build the systems they interact with. Without the artistic community’s
involvement and understanding humans and art will suffer. Computer science would be enriched
by the inclusion of artists as well. “Computer science CT has been enriched by its collaboration
with the computational sciences” (Ibid). There is no doubt that the same could happen with
artistic domains. Now that computers are starting to take on creative jobs with systems that
model the way artists do these jobs, artistic domain and expertise and the humans who possess
them must be incorporated into the process, for the sake of art communities, the art created, and
the systems built to produce it. Specific skills are becoming mostly obsolete, and new areas of
expertise are developing as these technologies evolve, but without human guidance and
involvement the uninvolved communities will suffer and those excluding them will suffer for
their lack of perspective.
The final lesson of Denning and Tedre, that “Change is an inseparable part of CT” (Ibid), shows
why dynamic systems that respond to users and adapt to new content are vital for sustainable and
usable systems that teach elementary and advanced computational thinking. “Advances in
computing keep computational thinking in constant change. We should embrace the lack of a
fixed definition as a sign of the vitality of the field rather than our own failure to understand an
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eternal truth” (Denning and Tedre, 95). Interactive storytelling games are exactly the kind of
dynamic systems that need to embrace the lack of a fixed definition. This does not mean that
definitions are not helpful, rather that definitions are so sensitive to context and multifaceted that
each new context demands a new iteration on the definition. This genre of game can adapt to
new content and to the understanding of students as they play them.
JANET MURRAY’S AFFORDANCES
This dissertation focuses on digital interactive storytelling systems exclusively for two main
reasons. The first is that digital interactive storytelling games are an emerging genre that need a
great deal of game design research to understand and implement. The second is that their digital
affordances make them qualitatively different from their analog ancestors, much as digital
science uses modeling methods and experimentation that is entirely digital and beyond
recognition from the early principles on which they are built.
Storytelling is as old as theater and fireside oral traditions; however, the possibilities that modern
digital architectures make the comparison analogous to walking upright and walking on the
moon. Both required leaps of innovation and were transformational moments in human history,
but the later required a collaboration between human and computer systems. Janet Murray, a
leader in Digital Media whose book Hamlet on the Holodeck defines so much about interactive
storytelling and surrounding digital phenomena, makes the clearest case for how computational
thinking transforms storytelling and narrative in general. She has the insight that “...everything
made out of bits belongs to a single new medium, with its own affordances that can be used for
creating new forms of narrative, just as film was a new medium with its own expressive
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affordances rather than just an extension of live theater” (Murray, Hamlet on the Holodeck 94).
Games, storytelling, and computational thinking, are no strangers, and are used in K-9 education
with programs like StorytellingAlice which allow creators and players to interact with characters
and scenes and to build and test “highly complex abstractions quickly and precisely” (Lee et al.
34). While before open-ended narrative gameplay with computational thinking relied on
constructivist learning approaches, interactive storytelling games like AI Dungeon offer an
alternative approach that relies not only on the construction of the model to be shown to others,
but on the dynamic construction of the story as well.
The comparison between oral storytelling traditions and modern interactive storytelling systems
are not merely a matter of superficial structures, as Janet Murray explains in Hamlet on the
Holodeck. Through the sections “The Oral Bard as Storyteller” and “The Computer as
Storyteller” Janet Murray shows how the procedural nature of traditional bardic oral storytelling,
as described by Harvard classists Milman Perry and Alfred Lord, are congruent with the
narrative primitives used in modern interactive storytelling programs (Murray, Hamlet on the
Holodeck 188–208). She describes how algorithms for coherent plots are present in folklore and
many modern genres and she discusses how players in games with narratives around these genres
are guided by narrative affordances to act in certain ways, such as entering haunted houses in
ghost stories, asking questions about a murder in myseries, and shooting at criminals in westerns
(Ibid). She details three major areas where bards used procedural and collective authorship to
allow for the pleasure of variation with the consistency of coherent plots: variant phrases,
thematic units, and plots (Ibid). Variant phrases allow for different descriptions to repeat for
known entities, themes inform the audience of expected action and create scenes within the story,
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giving small narrative units their structure, and finally plots arranged the entire narrative into
reusable parts that could be mixed for variety but reliable coherency (Ibid). All of these elements
have been invaluable in the creation of modern computer game narratives because they follow
algorithms and can be programmed so that even sequential programming can adapt to player
actions.
The limitations of sequential architectures mean that these kinds of storytelling systems
need hand-built primitives at every level so that the story can proceed coherently. The examples
that Janet Murray gives of the kinds of systems that were created in the 90s show how
dissatisfying the results of these efforts could be because human authors are needed for details in
the computer paradigm that Janet Murray is writing about (Ibid). She actually posits that even if
you could substitute a mechanical way to deal with the details, you wouldn’t want to because “A
story is an act of interpretation of the world, rooted in the particular perceptions and feelings of
the writer” (Murray, Hamlet on the Holodeck 204). While the sentiment of what Murray is
saying is noble, and certainly applies to neural network and other pattern based architectures,
being a procedural author with pattern based architectures means curating mathematical sets of
details and the likelihood of sets of specifics appearing. In other words, while the specific chosen
detail is not something that the procedural author chooses in interactive storytelling. Rather they
design the possibilities of certain details. Murray is still right when she says that the question to
ask is, “How can we make this powerful new medium for multiform narrative as expressive of
the writer’s voice as is the printed page?” (Ibid). Ultimately, neural networks put another tool in
the writer’s toolbox, but one that transforms their role.
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Murray names the new type of author a cyberbard, and defines them as an author proficient in
the digital medium. However, since interactive storytelling systems are games, most likely the
cyberbard, like the ancient bards Murray writes about, will not be an individual, but a collective.
AI Dungeon, which is the first interactive storytelling game made with neural nets described in
detail in the last chapter, was programmed at a game jam by Nick Walton using a dataset of
stories built for over a decade at chooseyourstory.com by amateur authors echoes what Murray
writes at the end of her first section on the cyberbard: “...role-playing contributions of amateur
improvisers will lead to new formulas of interactions that will feed into the general
expressiveness of the medium” (Murray, Hamlet on the Holodeck 278). Murray’s predictions
continue to be eerily accurate. While this example shows that even the most quickly build neural
net interactive storytelling game relies on the work of hundreds of writers, what Murray is
describing with a cyberbard goes beyond a working prototype of a game. She is describing an
artist who will create a transformative work of art, as her use of the term is prefaced not only
with Homer, but with references to Shakespeare and his transformative use of soliloquy in
Hamlet (Murray, Hamlet on the Holodeck 278). The cyberbard that succeeds in creating the
transformative art will most likely be a collaborative team of game designers, writers,
programmers, and other creative developers who use a myriad of skill sets to explore the
affordances of this medium so that they and their audience can better understand what it means
to be human. What neural nets change is the medium of the artist rather than their role.
Looking more closely at what Murray writes about procedural authorship, she describes
what was already possible when she wrote. She catalogues these points that the cyberbard must
specify and master, all of which remain manipulable elements in neural net architectures. She
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describes these as participation, “...the segmentation of the story into themes or morphemes (the
kinds of encounters, challenges, etc., that make up the building blocks of the story),” plot
assembly rules, as well as the details of the substitution elements and all the other particulars of
the story (Murray, Hamlet on the Holodeck 204). The difference with pattern based architectures
is that the developers no longer needs to handcraft each piece, but by trading some control of
details, they can create their world with probabilities. Designers can determine which game
mechanics are most likely to challenge the player or if any are forbidden or must appear, the
writers have the same control over setting and diction, and programmers can iterate on the
trained networks to provide a variety of experiences. The manipulation of these probabilities is
not simple, and it requires the artist to relinquish a great deal of control to their collaborative
player, who will be collaboratively creating the experience through interaction with extreme
local agency. Their small decisions, local agency, will determine not only how their character
exists in the world, but how the world around their character exists, as will the actions of any
other players.
What interactive storytelling allows is the simulation of the conversant storytelling act,
with the details filled in with computational affordances. As Murray writes the game type that
exploits digital environment properties most fully is, “...the simulation: the virtual world full of
interrelated entities, a world we can enter, manipulate, and observe in process.” (Murray, Hamlet
on the Holodeck 280). Interactive storytelling games are built on simulations. Usually they
include simulations of the dramatic experience, the users, and the agents the user can interact
with (Bostan and Marsh 28). These computational affordances enacted by the simulations
synthesis make the experience so much more detailed than possible with human storytellers
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alone. Murray’s explanation of these affordances can help show how digital storytelling,
especially when powered by pattern based computer architectures, is a new medium with
unknown potential. Her explanation can also show how digital storytellers can use these
affordances to craft these experiences.
Interactive storytelling games are simulations that are inspired by visions of the
medium’s future where the pleasures it affords are blended and seamlessly feeding off one
another throughout the experience. The digital medium creates an experience where immersion
and interactivity reinforce one another in well designed experiences (Murray, Hamlet on the
Holodeck 94). This creates what Murray calls “the Active Creation of Belief”, or the process by
which players, readers, and users of all kinds add to their immersion by actively imagining with
the content to make it more real to them (Murray, Hamlet on the Holodeck 110–12).
Understanding and using the affordances of the digital medium well are what allow the pleasures
of immersion and interactivity to continually motivate the Active Creation of Belief that Murray
details. The four affordances that Murray describes are procedural, participatory, encyclopedic,
and spatial (Murray, Hamlet on the Holodeck 71). Each of the affordances has its own particular
way of engaging with interactivity and immersion, and with one another. These affordances arise
from the speed and accuracy of computers and depend on the procedural nature of computer
programming. Through understanding the relationship of these affordances to one another and to
interactive storytelling games, designers can understand how to approach this emerging genre
with an understanding of the relevant computational thinking concepts.
Underlying rules guide computation and the simulations that computers run, and which in
turn run interactive storytelling games. In a neural net based interactive storytelling game these
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rules are about probabilities of content appearing given user actions and previous content. The
computer is fundamentally an engine, according to Murray, designed “...to embody complex,
contingent behaviors” (Murray, Hamlet on the Holodeck 72). For this reason, the procedural
affordance has a primary importance to not only to the medium and everything built in it, but to
the other affordances that Murray describes. Computers are only spatial, participatory, and
encyclopedic because they operate through procedures. As procedural authors and creators of the
first interactive storytelling game, Facade, write in their discussion of Murray’s affordances,
“...procedurality is the essential, defining property of computational media, without which the
other properties could not exist” (Mateas and Stern, “Writing Façade: A Case Study in
Procedural Authorship” 7). They write that they do not make this point in order to engage in
dominance games because “New media practitioners without procedural literacy are confined to
producing those interactive systems that happen to be possible to produce within existing
authoring tools” (Mateas and Stern, “Writing Façade: A Case Study in Procedural Authorship”
3). This is why understanding computational thinking and the procedural thinking that is intrinsic
to it is essential for any designer of an interactive storytelling game. As an emerging genre, there
are no existing authoring tools for interactive storytelling games, and even if there were, the
manipulable elements are completely procedural in nature. In order to create in that genre, one
must understand how the procedures one sets relate to one another and how these procedural
elements will combine for different players in different circumstances. As Stern and Mateas
write:
As the granularity of the atomic pieces of story content (e.g., dialogue, emotion and
gestural expression) becomes very small, and the procedures to sequence and combine
them into a coherent narrative performance become primary to the realization of the
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experience for the player, the author’s activity shifts from that of a writer of prose into a
writer of procedures; that is, into becoming a programmer. (7)
The experience of creating Façade gave Mateas and Stern the experiential knowledge of what
she wrote about for her affordances, especially the ever-present procedural affordance.While
defining each affordance, they also explain why each depends upon procedurality.
Participation in interactive storytelling games requires incredibly granular levels of action
that both change small elements of the simulation and add up to change large elements. “Any
participatory system requires the specification of potential action that is carried out in response to
a stimulus” (Mateas and Stern, “Writing Façade: A Case Study in Procedural Authorship” 2).
Participation requires a response, and a response requires a method of creating a response. In
interactive storytelling games, that response is based on user input and needs to fit the context as
well as the user action. Façade handled this with advanced sequential AI that kept track of a
user’s actions in a simulation alongside agent simulations, and then followed a procedure to
string together highly modular strings of dialogue to create the illusion of unique responses that
are adapted to granular player actions. AI Dungeon handles this through utilizing language
trained neural nets that predict the likelihood of the next letter, phrase, or word based on player
input and what has been previously written in the game.
Encyclopedic elements of an interactive storytelling game include setting information,
tracked player attributes, and agent information, as well as surrounding dramatic elements such
as plot trees, themes, or allowed substitution based descriptions. Stern and Mateas argue that
without the ability to perform procedures such as retrieval, ordered storage, or searching on large
datasets they are useless (Mateas and Stern, “Writing Façade: A Case Study in Procedural
Authorship” 2). Interactive storytelling games, especially those that teach a subject such as
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computational thinking, need to reliably perform encyclopedic procedures on large datasets and
to even bring those pieces of data together in new ways. Façade, which faced the major
limitation of having all its data hand coded, handled this by limiting the kinds of information that
was relevant to the scene and responding to input that attempted to interact with irrelevant data
with clear signals from the agents that the player had stepped out of the scene. Then the agents
would try to bring the player back into the dramatic action. AI Dungeon handles this by
encapsulating large sets of data into probabilities about letters, phrases, and words, which
eliminates traditional methods of content control. Rather than having the ability to write all the
lines of dialogue, writers for games like AI Dungeon would seed the scenes of the game by
adding focal points filled with the kind of content that should be most likely to appear, and
forbidden content that they would never want to appear.
Spatiality in computers is always a mathematical representation whether it is in 3D space
visualized on a screen, or space in relation of objects to one another in a more abstract space.
This is not to say that these are equivalent, as Murray points out, the change from typing into text
based adventures that one wants to go north to moving a pointer with a mouse or joystick
“...changes the interaction from a command structure to a dramatic gesture” (Murray, Hamlet on
the Holodeck 190). Early interactive storytelling games rely on command structures because the
work load for creating the language interaction are still so high.
As the genre matures, dramatic gesture will likely be integrated in the experience, as
science fiction predicts. The three leading voices in the field, Laurel, Crawford, and Murray, all
write extensively on VR and immersion, as well as the importance of facial recognition;
however, that discussion is beyond the scope of this dissertation and the text input interface is an
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important affordance for learning computational thinking. To do jobs with computers, one must
work with computers, and the interface to do so are through traditional controls, even in visual
based programming that utilize mouse controls. The early dependence on text input is a reason
why there is urgency to creating computational thinking interactive storytelling games. When
Stern and Mateas write about the spatial affordance they say it is a, “....derivative property, a
representational illusion actively maintained by a process” (Mateas and Stern, “Writing Façade:
A Case Study in Procedural Authorship” 2). This affordance is more about inhabiting a space
than necessarily seeing one, and the process that handles navigation is important because it keeps
a sense of place consistent, and this is a major part of what keeps the feeling of immersion.
Murray points out that the spatial property of computers is in fact independent of its graphical
capabilities, but rather “The computer’s spatial quality is created by the interactive process of
navigation” (Murray, Hamlet on the Holodeck 80). In fact, it is the freedom of action in
interactive spaces that Murray points to as primary for immersivity, rather than their 2D or 3D
graphical representations. In Façade the 3D space is limited to a sparsely furnished apartment
and a hallway. Spatiality does not just depend on procedures, but also on participation. As
Mateas and Stern write, “navigation through the space, and which may not make use of 2D or 3D
graphical representations at all, depend on the participatory, which in turn is dependent on
procedurality” (Mateas and Stern, “Writing Façade: A Case Study in Procedural Authorship” 2).
Navigation through space is ultimately navigation through a set of choices, though spatial
navigation does have special immersive properties, as Brenda Laurel points out in her description
of spatialized projects for education (Laurel, Computers as Theatre 197–98). Even if Façade had
not put in as much effort to create the 3D space for the sake of immersion, it took them 3 years to
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create the text based conversational space alone (Mateas and Stern, “Writing Façade: A Case
Study in Procedural Authorship” 23). While Mateas and Stern showed that interactive
storytelling could be done, they made many question whether it should be done under the
computational paradigm of the time; and much of this had to do with procedurally creating
conversational spaces with high enough levels of the participatory affordance.
The traversing of dialogue can also be modeled as a navigation, and relates to the spatial
affordance in that participating in a conversation directs the dramatic action in a different
direction. The metaphor is not loose, but rather representative of the similar processes required to
both track movement through a space and to track action through a scene. The number of
processes per step was extremely high in Façade, in order to give a high degree of local agency
that drove the global action, and thus global agency (Mateas and Stern, “Writing Façade: A Case
Study in Procedural Authorship” 23). The high level of labor required for each interchangeable
piece and for each story beat in this sequential architecture ultimately limited what the
developers could accomplish. In the end the creators made 27 story beats that the player could
traverse in a myriad of ways (each one had between 10 to 100 mixable pieces of content), and so
the authors felt their efforts did not give the level of global agency that they desired (Mateas and
Stern, “Writing Façade: A Case Study in Procedural Authorship” 8; 23). While the creators felt
that they were not using the tool to its full potential, the spatial and navigation affordances of
their computational architecture severely limited the speed that they could create. Rather than
leveraging computational speed to produce navigable interactions and spaces, the creators relied
on their own design and writing to fill out each specific line, and create each 3D navigable space
and participation. They did this to maintain authorial control (Mateas and Stern, “Writing
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Façade: A Case Study in Procedural Authorship” 11). However, authorial control does not
merely reside in the specific word choice of the characters; rather it is the culmination of the
choices that the author makes.
What pattern based architectures change is the locus of authorial control in interactive
storytelling games. Where before it necessarily resided in the handwritten dialogue and relatively
sparse content of games like Façade, now it resides procedures that determine how that dialogue
is created and in the curation of the data sets that inform that selection. When Nick Walton built
AI Dungeon he had writers who had been working on stories for his dataset for years, although
he did not compensate them. AI Dungeon 2 utilizes GTP-3 from Open AI, which has terabytes
worth of writing from a multitude of sources. Responses from AI Dungeon 2 are noticeably more
consistent and coherent, and through changing focuses of the AI even players are able to make
authorial choices about what experience they want. Predetermining the plot of a narrative for a
game is yet another way to put players on rails and prevent them from seeing areas that
developers did not have time to create. Vast open world games that use variation to create
procedural landscapes, such as Minecraft rely on algorithms that mimic natural variance to keep
the player immersed in the environment. The creators of these spaces do exercise authorial
control through the processes. The surprising connection between spatiality and the limitations
on interactive storytelling games up until this point rely on the fact that spatiality is a
manifestation of the participatory affordance. Navigation is movement through space via free
action, by choice, and because spaces are often made of objects with relatively simple
participatory affordances (rocks don’t talk back, unless you’re playing The Swapper) the
procedures to create spaces dynamically have come about first.
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Process driven navigation and free action eventually requires process driven content
creation. While developers can handcraft content at a granular level in order to make immersive
navigable participatory spaces, without procedural content of some kind the development cost in
time is prohibitive. Chris Crawford, who Murray describes as the “... charismatic independent
game developer and tireless evangelist for interactive narrative,” has authored and shared many
environments for creating interactive storytelling games (Murray, Hamlet on the Holodeck 213).
These have often been criticized for their complexity, even by Crawford himself, though much of
the fault lies with the lack of procedures for creating language content dynamically in a
satisfying way. Crawford also wrote a book on Interactive Storytelling which is a key work in
the field, and in it he discusses the difference how plot is antithetical to participation, but “There
is no conflict between process-driven narrative and interactivity!” (Crawford, Chris Crawford on
Interactive Storytelling 54). This is because while a plot dictates exact events, even if they are
modular and mixable as in Façade, “...the designer’s control is exercised through the processes
of the gameworld rather than the events of the gameworld” (Ibid). By specifying which
processes the text goes through for selection, process-driven narrative does not specify a plot, or
even branches of plots, in advance. The events and the order that they happen in are curated by
design, but not specified. Façade managed to hand build enough mixable pieces of plot to give a
short scene with the illusion of free action that quickly breaks down if the player chooses to
leave the navigable choices the designers anticipated. AI Dungeon is a much wider and flexible
space where the authoring of the story is also a much more collaborative phenomena and where
the proper place for authorial credit is not clear. What is clear is that AI Dungeon demonstrates
Crawford’s point and it demonstrates the importance of freedom of action in utilizing the spatial
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as well as the participatory affordance. In the end, Murray’s explanation provides the clearest
idea of how the role of the designer and author have changed in interactive storytelling games.
Artificial intelligence, even in AI Dungeon, is not responsible for the artistic selection and
arrangement of elements, but “...the author for whom the procedural power of the computer
makes it merely a new kind of performance instrument” (Murray, Hamlet on the Holodeck 208).
While one does not necessarily need to know how to make an instrument in order to play it, one
does need to understand the mechanisms under one’s control during play, and the shift of
computer architecture paradigms that come along with pattern based architectures are so
fundamental that even those who have been writing or designing games skillfully for years will
need to come to understand new ways of using these skills if they are to become procedural
authors or designers in interactive storytelling.
The four affordances that Janet Murray describes and that Stern and Mateas and other
procedural authors use are essential to those who would design interactive storytelling games.
Designers need an understanding the computational roots of these affordances and the
implications they have on specific design goals and decisions if they are to create compelling
versions of these games. They need experiential knowledge of these affordances as well as
semantic knowledge of them. Few scholars in interactive storytelling have spent as much time on
understanding the experiential side of the genre and related areas as researcher, game designer,
and developer Brenda Laurel, whose dissertation “Toward the Design of a Computer-Based
Interactive Fantasy System," and subsequent book Computers as Theater helped form the field.
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BRENDA LAUREL AND THE HUMAN IN THE LOOP
After reading Janet Murray, there can be little doubt that human experience and artistic
perspective are vital driving forces of any transformative work of art. Her vision of the central
role of the authors of interactive storytelling games is essential to understanding the relationship
of the developer to the computational systems they design for. Brenda Laurel offers a great deal
of insight for the author as well, especially with regard to plot structures and the relation of the
digital medium to theater. She also gives insight into the experience of immersion, of the body,
and of the dramatic experience of the player. In other words, she gives strong detailed insights
especially into the spatial and participatory affordances that Janet Murray describes. Participation
with open-ended processes and computational thinking supports and is supported by narrative
play, spatial play, and participatory play. In a study on applying the lessons of the study of
teaching programming to K-9, researchers discovered that teachers noted the work to promote
development in, “four themes concerning general skills and attitudes, namely cognitive skills and
attitudes, language skills, collaborative skills and attitudes and creative problem-solving skills
and attitudes” (Nouri et al. 13). Experiential learning and spatial learning are two areas that
conventional computational thinking does not historically consider, but which Janet Murray’s
affordances, and Brenda Laurel’s work make abundantly clear, as the study on K-9 classes
mentioned above make clear other tangential developmental benefits of learning programming.
The insight she provides to the experiential side of creating interactive storytelling games is
irreplaceable.
Participatory and spatial affordances are both built upon experiential facets of
computational systems that allow users to integrate with the system through input and change it.
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One important insight that Brenda Laurel adds to the conversation is the idea that not only
players can participate in dynamic creations, but authors or professional storytellers themselves
could take part as in participatory theater in order to help curate the blossoming geometries of
plot that she describes in Computers as Theater (Laurel, Computers as Theatre 205). She
describes these geometries as moving from the familiar two dimensional plot curve Freytag
describes to a 3D version where one, “...can see that a field of possibility can be designed to
create the probability of a satisfying plot for any unique interactor” (Ibid). As Brenda Laurel later
elaborates, this structure changes the experiential possibility of the player and also the immersive
potential. This structure of dramatic action is a full use of the participatory and spatial
affordances and allows the player the feeling of freedom in the same way that they feel free
navigating open world 3D spaces in modern video games. Brenda Laurel uses the visual
metaphor of a spider to explain the new mapping of dramatic action in interactive storytelling
games and writes beneath the figure that, “...as a work that holds the potential for many dramatic
traversals through a space, we can see multiple Freytag-like shapes unfolding from the same
beginning point” (Laurel, Computers as Theatre 200).

Figure 4: Freytag’s spider from Brenda Laurel (Laurel, Computers as Theatre 200).
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The possibility space of an interactive storytelling game with a pattern based architecture is so
granular and so nearly infinite that it would give the illusion of being a sphere. Brenda Laurel
gives insight into the nature of this freedom when she writes, “In fantasies and fictions about
human-computer systems, we may imagine spaces where we can do whatever we wish” (Laurel,
Computers as Theatre 129). This fantasy system is envisioned in many places in science fiction,
such as with the holodeck, and is the inspiration for the genre of interactive storytelling games.
However, even in pattern-based architectures, players only have the illusion that they can do
whatever they want, though the illusion is convincing. After saying that such systems are not yet
technically feasible, she writes, “...the experience of using it might be more like an existential
nightmare than a dream of freedom” (Ibid). And that is why so many science fiction depictions
of these fantasy machines are designed with guidance. Even the holodeck has guidance in that it
uses holonovels or programs to populate the blank slate it begins as. The user of the holodeck
experiences free action, as Murray describes, but also the constraints of freedom that Laurel
points out are so vital to the creative process and to avoiding the nightmare of indecision with
total freedom.
WIthout guidance from a system, without predetermined areas of interaction and identity for
agents and the player, there can be no story and no learning. As Gee points out, games move us
into new semiotic domains and help us adopt identities based on our action within those domains
(Gee). And when the action occurs in an interactive storytelling game, those domains are more
flexible than in other genres and are subject to the will of the player, but they are not without
constraint. The potential for digital games in this genre is that they can formulate more detailed
simulations of action more quickly than without computation. As Laurel writes, “...the way in
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which human-computer interaction is more dynamic than drama is in the aspect of formulating
the action, rather than in its enactment” (Laurel, Computers as Theatre 86). Laurel’s insights into
participation and spatial potentials, especially when considering plot as a space, are invaluable to
the creators of interactive storytelling games. Despite her warning that total freedom would be a
nightmare, it is hard not to note the excitement when she writes, “People can theoretically
introduce anything they like into the potential of a given human-computer activity” (Laurel,
Computers as Theatre 87). Chris Crawford also finds this process driven potential extremely
exciting, and he goes further into explaining how improvisation, determinism and free action, or
free will, all fit together in interactive storytelling games, as shall be discussed in the next
section.
CHRIS CRAWFORD ON STORYTELLING AND LEARNING
The educational potential of interactive storytelling games arises from how they use the
affordances of the digital medium to enhance the ability of storytellers and game designers to
challenge, inform, and engage players using two of the most ancient learning technologies
known to humankind: play and storytelling. To understand how these technologies come
together to form a unique potential for teaching computational thinking, an analysis of interactive
storytelling and storytelling itself from a computational thinking lens is necessary. A solid
connection between narrative thinking and computational thinking becomes clear when
comparing the analysis of computational thinking by Jeanette Wing, and Crawford’s explanation
of how storytelling is a means of sharing pattern-based information through the sequential tool of
language. Jeanette Wing writes:
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In two ways, our abstractions tend to be richer and more complex than those in the
mathematical and physical sciences. First, our abstractions do not necessarily enjoy the
clean, elegant or easily definable algebraic properties of mathematical abstractions, such
as real numbers or sets, of the physical world. For example, a stack of elements is a
common abstract data type used in computing. We would not think 'to add' two stacks as
we would two integers. An algorithm is an abstraction of a step-by-step procedure for
taking input and producing some desired output. (Wing 3717–18).
Crawford, as mentioned in Chapter 2, writes extensively on storytelling as a learning tool.
However, another aspect to his discussion is applicable here. He writes about how stories are a
method of arranging experienced and shared information into efficient patterns both for memory
and for modifying and connecting models about the natural and social worlds (Crawford, Chris
Crawford on Interactive Storytelling 10–14). They are, “patterns broken down into a linear
sequence” (Ibid). in other words, they are abstractions of experience and social lessons, of a
complex nature that are often procedural and chronological in nature. The potential educational
benefit for story structure and algorithmic structure is perhaps most purely illustrated in the
work, Once Upon an Algorithm by Martin Erwig (Erwig). Stories transform experiences into
meaning, and as Erwig writes, “The essence of a computation is the transformation of
representation” (Erwig 3). It is this potential as mechanisms for transformation, and their
subsequent parallel structures, that make storytelling and computational thinking work
magnificently together, and also what makes them have such potential in interactive storytelling
games as the objects of free play.
Free play is key to understanding learning in interactive storytelling, and to understand
how it is possible within the closed formal system of games, one must look at procedural content
through a computational lens. Free play, or to shorten and modify Caillois concept for the current
discussion, play in which the player has the freedom to invent their actions rather than having to
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choose from predetermined lists, is similar to free will, which Crawford discusses in a manner
that clarifies Brenda Laurels perspective that freedom without guidance is a nightmare rather
than a dream. Crawford discusses this in his discussion of the dilemma of free will in processdriven narrative, or the conflict between plot and interaction, and he shows that though free will
is constrained by affordances in process-driven narrative, it is not eliminated (Crawford, Chris
Crawford on Interactive Storytelling 53–54). Crawford is ecstatic in his conclusion, and he finds
the key in comparison. The new writer of interactive storytelling games will have to use their
narrative primitives, as Murray calls them, as a game designer. As he writes, “The game designer
never specifies the events that the player experiences; instead, the game designer specifies the
processes that enable and constrain the player” (Ibid 54). The player is free within those
constraints to invent and improvise actions and to manipulate whatever language symbols and
meaning they can. As he continues, “The game designer doesn’t specify what path the player
takes to get to the victory condition, only the rules by which the player can attempt to do so”
(Ibid). This is true in analog and digital games, but in digital games the encyclopedic and spatial
affordances allow these rules to be hidden and navigated without the player having to act as their
own rule encyclopedia or plot their own progress through whatever illusory spaces they are
traveling through, whether they are conversational or geographical. In connection with Murray’s
idea of free action and Laurel’s idea of the freedom of improvisation within constraint, Crawford
concludes that, “The gameworld is an orderly place with free will for the player” (Ibid). The
constraint of interactive storytelling worlds lie in their consistency and coherency, which the
player is free to interact with in order to guide them in whatever direction they choose. This has
not been true of any digital genre using language as a main focus of play until now, and it has
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only been dreamed up before. For those who have searched for this type of play in the digital
realm, Crawford’s final realization in this section is the most pivotal and the most exciting,
“Interactivity requires that authorial control be exercised through processes, not events. Yes, plot
and interactivity are mutually exclusive; but process-driven narrative is perfectly compatible
with interactivity” (Ibid). Players of modern interactive storytelling games can be a part of a
dynamic, coherent, and satisfying story, one whose author is a skillful writer of process-driven
narrative. And in this environment, free play of a sort that has not been seen in the digital realm
in collaboration with artificial intelligence may occur. And that free play will have the same
inevitably of a well crafted story.
Social scientists like anthropologist Peter Gray, psychologist Stuart Brown, psychologist
Mihaly Csikszentmihalyi, and Sociologist Thomas Henricks all write about the power of play,
and in the case of Gray specifically free play, for learning, and they often include stories as a
form of linguistic play (Brown and Vaughan; Gray, “Play as a Foundation for Hunter- Gatherer
Social Existence”; Gray, Free to Learn; Csikszentmihalyi; Henricks, Play). Along with these
social scientists, discussion of games as primarily learning activities have become common since
Gee’s landmark work, What Video Games Have to Teach us about Learning and Literacy and
Koster’s Theory of Fun (Gee; Koster). Many professional writers and editors note the
fundamental drive to learn as a primary motivator for storytelling activities, and much of their
writing focuses on how stories are a process for learning about other people’s experience without
having to experience it firsthand and they focus on how brain science informs us on the effective
structures for stories (Cron; Gottschall; Boyd). These authors are looking at stories through the
lends of pragmatism and that leads them to examine stories as processes. Fewer game designers
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write about how storytelling is a learning technology and few writers give their thoughts on play
or games as systems for play as learning technologies; however, Chris Crawford and Will Wright
both take note of stories and play as two of the most ancient learning technologies.
Along with the link between stories, play, and learning Will Wright explains the
connection of story and games in a video he created as part of his Masterclass Lecture Series on
Game Design. He says that play and story are “...fundamentally educational technologies.” and
that both. “...help us build more elaborate, more detailed, world models with a limited experience
base,”(Wright 1:59). While Wright starts on the common ground of the two technologies he says,
“The two are very self-supporting, but they are very very different actually (Wright 2:50). He
explains that good stories can inspire gameplay and that good play can inspire stories, but he
says that they have very different “emotional pallettes,” and he says that film, and other linear
media, primarily evoke empathy, allowing us to feel with the simulated character on screen, but
that games and other interactive media, primarily evoke agency, allowing us to feel
responsibility and ownership over the emotions of the character we act through, (Wright 1:59 5:08). While one could also argue that games provoke empathy and feeling along with your
avatar, and that linear narrative provokes sympathy, an understanding of the emotions of the
simulated characters, we can see that this is a major difference in the affordances of linear versus
interactive media. However, in the case of interactive storytelling, a synthesis occurs. Players
both learn from the story that is dynamically built around their actions, and learn from their
direct experience, as is normally the case in games as Gee points out. While many games use
what Crawford would call static narrative content that the player does not interact with, and thus
tap into both semantic and experiential learning as separate processes, interactive storytelling
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makes the actions that the player takes part of the process of storytelling and thus combines
semantic and experiential learning so as to make them inseparable. Chris Crawford goes into
great detail about how interactive storytelling relates to learning through his analysis of
storytelling as a learning process, which in turn gives a clearer vision of how the encyclopedic
affordance is best utilized in interactive storytelling games, especially those for learning.
What Chris Crawford has to say about learning and its relationship to storytelling
illuminates how interactive storytelling games that teach computational thinking are uniquely
positioned to take advantage of the encyclopedic affordance of the digital medium. Chris
Crawford’s insight is that storytelling is a way to convey pattern-based information through
sequential logic based communication (Crawford, Chris Crawford on Interactive Storytelling
10). He uses a computational analogy, calling stories data reformaters that translate pattern based
knowledge about social or environmental experiences into parsable language, which is
necessarily sequential and event by event (Ibid). A neural network based interactive storytelling
game that teaches computational thinking is not only conveying information about pattern based
versus sequential thinking, it is performing it. Using a pattern based software architecture like
neural networks to create a dynamic storytelling activity, which is sequential and a language act,
models not only the sequential processes of programming, but the new pattern based
architectures as well. As Crawford writes, “Stories are patterns broken down into a linear
sequence” (Ibid). Neural network based interactive storytelling games allow players to
experience not only how variety arises from pattern based processes, but how computational
thinking differs when it is sequential versus pattern based. The experience of playing these
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games, even when their subject matter is not computational thinking, lays bare the processes that
create them, both sequential and pattern based.
There is no conflict between learning serious subject matter, play, and storytelling; in fact serious
subjects need to rely on those most trustworthy methods for experiential learning and semantic
learning that humans have access to.Learning computational thinking, especially advanced
computational thinking is deadly serious, as Denning and Tedre point out (Peter J. Denning and
Tedre 11). Chris Crawford echoes the thoughts of play psychologists referenced above when he
says that play is serious learning business, and later explains how stories are as well (Crawford,
Chris Crawford on Interactive Storytelling 3–4; Gray, Free to Learn 119; Brown and Vaughan
31). Denying or offhandedly dismissing the educational potential of simulations, especially those
that synthesize with the educational potential of stories and synthesizes them, shows a lack of
understanding of the purposes and motivations surrounding storytelling and play as phenomena
and activities. The processes of storytelling and play are biologically, motivationally, and
socially rooted in learning. This is clear when they are approached with a computational thinking
perspective and seen as processes. As Chris Crawford underlines, “Storytelling was invented
thousands of years ago and remains the most powerful medium for communicating complex
interrelated ideas” (Crawford, Chris Crawford on Interactive Storytelling 15–16). The only
activity that to eclipse them in the near future will be their own combination and synthesis in
storytelling play, or booted up pretend play as Brenda Laurel sees it, that is digitally enhanced by
the encyclopedic, spatial, participatory, and procedural affordances that Janet Murray, Brenda
Laurel, and Chris Crawford have been telling their field about for decades.
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A FINAL NOTE FOR DESIGNERS ON COMPUTATIONAL THINKING
The primitive narrative elements that Murray talks about are different for different
software architectures. In thinking about why they did not achieve as many story beats as they
wanted, or create as much global agency as they wanted in Façade, Stern and Mateas point to
one major challenge: handwriting each piece of dialogue (Mateas and Stern, “Writing Façade: A
Case Study in Procedural Authorship” 23). Their inability to create a process to write this
dialogue was not their own failure, nor was it due to an underlying law about the need for hand
selected diction for artistic intent. The difficulty came from their computational paradigm.
Sequential logic without pattern based software architectures do not currently mimic
satisfactorily pattern based human behaviours with the complexity of human speech or creative
writing. The smaller modular pieces that are built in sequential systems, the more work it takes
to make the parts and the less global agency the players will have. The primitives in AI Dungeon
are exactly the ones that Murray describes but this is because the computational process works in
letters. Whereas the process of Façade selects phrases in larger modules they call JDBS, which
are handbuilt and handwritten, the datasets of neural nets are the collective authoring of the
authors in the dataset. The primitive of the selection for the computer is the letter (The
Unreasonable Effectiveness of Recurrent Neural Networks). This means that because the AI has
learned to paint in the details based on the creator’s design and curation, the author now has the
chance to paint in much broader strokes and still create satisfying stories.
Murray is right that determining how to use technology to give the most expressive
power is the challenge, but she, Laurel, and Crawford were working under a paradigm of
sequential logic, and the choices of the details Murray writes about are not up to logic, they are
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intuitive and grounded in human experience. With neural nets, human experience as a statistical
phenomenon has been captured in a process which the designer must skillfully manipulate to
create the experience they desire for their audience. The challenge for writers who would be
procedural authors is to become comfortable exercising the kind of control that game designers
have been wielding for centuries. The challenge for game designers who would become
procedural authors is to learn to express with language in a way they’ve never been asked or
expected to before, to learn the everything from Poetics to Freytag and all the way to Brenda
Laurel, Janet Murray, and even literary scholars like Marie-Laure Ryan or interactive fiction
writers like Emily Short. Luckily, game designers and writers may very well enjoy these
multifaceted challenges, and they may not prove so difficult.
The more difficult challenge is to convince each of these creative classes that in the world
of procedural writing, “...the author’s activity shifts from that of a writer of prose into a writer of
procedures; that is, into becoming a programmer” (Mateas and Stern, “Writing Façade: A Case
Study in Procedural Authorship” 7). Though the task of creating interactive storytelling games
will have computational thinking in every facet, this does not mean that programmers are the
only ones suited to do it. Far from it, as Denning and Tedre point out, for complex and advanced
jobs one needs to “...understand the domain in which you want to figure out how to get a
computer to do a job for you” (Peter J. Denning and Tedre 93). Writing, game design, and other
artistic endeavors in this realm involve much more than finding the most likely next letter, they
need grounded artistic perspective to design the processes that will make those selections. For
these domains, as much as any other, “Much of advanced computational thinking is contextspecific and tightly tied to the application domain” (Peter J. Denning and Tedre 94). The
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difficulty of the first designers of interactive storytelling games is that they will not have games
in their genre to teach them the lessons they need to understand their own creations. They will
need to cobble together these experiences from games with the most similar affordances and for
the sake of posterity and their own creativity, to understand computational thinking so that they
might make the games that can teach the next generation of designers how best to approach
interactive storytelling games.
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CHAPTER 4
INPUT MECHANICS OF INTERACTIVE STORYTELLING GAMES
Interactive storytelling games have unique features that combine to allow for a general
play journey that moves from the curiosity and discovery of free play and exploration to the
structured, detail oriented, skill mastery play of ludus. This is due to a combination of freedom of
action that Janet Murray describes (Murray, Hamlet on the Holodeck 187) and the progression
from “a progression from possibility to probability to necessity” that occurs in drama and in
computer games (Laurel, Computers as Theatre 85). Brenda Laurel has a wonderful figure
showing this path that also synthesizes with her idea of the blossoming geometries of plot in that
it shows multiple paths for the “flying wedge” (Ibid).

Figure 5: Brenda Laurels “Figure 3.2. In human-computer interaction, the shaping of potential is
influenced by people’s real-time choices and actions, pruning possibilities and creating lines of
probability that are different from session to session and person to person. The “flying wedge”
can be pointed off in different directions; thus, the program contains the potential for many
whole actions.” (Laurel, Computers as Theatre 86)
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As the player moves through the dramatic experience generated by the game, the number of
possible paths toward resolution narrows as does the type and specificity of the challenges
involved. The player's early interest in certain topics and methods of progressing throughout the
dramatic experience allow for dynamic personalization of those scaffolded narrative structures.
This continues until the player finds themselves immersed in a conflict crafted to move them
through a learning journey centered on topics that they've shown the greatest interest for and,
though modeling of their skill level, that meet their needs to achieve flow in experiential and
semantic challenges. Whereas most games move from rule based play to broader free play and
do not adapt their challenges and content to their players because their narrative is made up of
static data, interactive storytelling games build themselves around the player and their interests
broadly through dramatic experience until the purposes they serve are narrow and specific to
their interests and skills. Brian Sutton Smith notes “that the playful is disruptive of settled
expectations... [it] is the modern way we idealize play. Play is the way we used to speak of
ritual” (Sutton-Smith 148). When the play ritual of practice is complete, the urge toward mastery
is sated and many players move toward the chaos of free play. In interactive storytelling games,
freedom of action, or playing with the infinite, is the invitation, but mastery and then finding
areas for mastery, is the journey.
The player is given the opportunity to approach each new dramatic situation presented by
the game with a playful and open attitude, as described by Miguel Sicart, and to play with the
system in order to collaborate on building their world and refining it to their interests and skills.
Through this interaction, the interactive storytelling game builds a dynamic simulation alongside
a model of the player and their skills in order to create dramatic experiences that produce
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satisfying narrative experiences and mastery of the skills the system seeks to teach. Narrative
scaffolding and free play combine uniquely in interactive storytelling in a mixture that has great
potential for teaching computational thinking. They are also poised to teach computational
thinking because of the current state of interactive storytelling games, which currently rely on
text-based interfaces embedded in computers, and due to the timing of their emergence as a
genre.
Based on the research presented in this dissertation around computational thinking and
informal learning this chapter examines the essential features of a game that would teach
computational thinking through interactive storytelling and what sorts of personalization would
be desirable in such a design. This chapter also focuses on Interactive storytelling games using
personalization, free play, and structured mastery play to enact these features through diegetic
feedback in the dramatic experience.
The mechanics and core features of interactive storytelling games are unique as they
work together to provide a digital experience of free play, a key ingredient in learning. Digital
interactive storytelling games are unique in their affordance to teach computational thinking
through free play, narrative, and the use of physical computers. In addition, the synthesis of
models of the player, computational models of subject matter, and dynamic dramatic action
generation come together in interactive storytelling games to create open-world learning
environments that allow the player to explore the subject matter freely. They can roam from one
topic to another following their motivations through the dramatic action. With each decision they
will encounter a coherent dramatic possibility for action. Later these situations will be
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remembered as narratives with the player themselves at the center and have the benefits of
narrative-based learning. What's more, in interactive storytelling games what comes before
shapes the action that the player is encountering in the moment, so that remembering previous
experiences provides in game benefits. Recognizing previous lessons and situations will help the
player to better survive and to consolidate the learning that they have.
The unique affordances of interactive storytelling games to teach computational thinking
are also more urgent than other aspects of the genre for this particular subject. Input mechanisms
for games are evolving toward alternate reality, virtual reality, and haptic input systems. VR
gloves, the Hololens with its motion recognition, Xbox Kinect, and motion controllers like the
Wii Remote, the Oculus Controllers and others are becoming more and more normal, though the
technology is still far from being perfect. If the first interactive storytelling games are made to
teach computational thinking before these input devices overtake keyboard and mouse controls,
then these games will have an opportunity to teach computational thinking with computationally
appropriate controls. Designers today are still within a lifetime of the invention of the personal
computer and many other important innovations in the field of computational thinking. New
architectures are only now being recognized as important areas of computational thinking and it
was only since 2007 that the normalization of computational thinking in the K-12 curriculum
occurred. Designers and developers starting now can begin at the beginning of the genre and near
to the beginning of modern computational thinking, especially new forms of it centered on new
architectures. Through the fostering of free play in interactive storytelling games around
computational thinking at this historical moment, designers and developers can take advantage of
an unprecedented event when the synthesis of these inventions might have a transformational
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effect on culture. This will only happen, if designers and developers think critically about the
implications of their creations. Designer John Thackara wrote in his book In The Bubble, that in
our historical moment, we must be concerned with the connections between the big and small,
the macro and the micro, and that doing this “...involves a new relationship between subject and
object and a commitment to think about the consequences of design actions before we take them,
in a state of mind--design mindfulness--that values place, time, and cultural difference”
(Thackara 226). Before designers can think critically about how to foster free play through
interactive storytelling games, they must know what free play is and what its unique effects for
learning are.
UNIQUE FEATURES NOTED IN GAME STUDIES AND PLAY STUDIES
In the field of interactive storytelling conversations about what interactive storytelling
games are, whether it is possible to make them, and what qualities are most important in their
design are the most salient to this research. Brenda Laurel, Janet Murray, Chris Crawford, and
Andrew Glassner all define the characteristics and unique affordances of both narrative play in
digital form and interactive storytelling games and their mechanics. As mentioned earlier, for
this dissertation, I adopt a definition of interactive storytelling games as one that allows for open
text input and story generation in response to that input. In 2009, Noah Wardrip-Fruin did a great
deal to deepen the analysis of games, digital fictions, and software in Expressive Processing, and
his work not only concludes with a call to action for more critical analysis of these artifacts, but
with a call to create experiences that fit this dissertations definition of interactive storytelling
games.
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Though scholars have been engaged in research for the creation of these games since at
least 1976, interactive storytelling is a genre of digital games that we are only beginning to see
emerge. While many systems have some features of interactive storytelling systems, most
scholars would agree that at most a handful of fully realized interactive storytelling systems
exist. While the field is concerned with the creation of digital interactive storytelling systems,
analog play is incredibly informative, as argued by Dr. Barbaros Bostan and Dr. Tim Marsh In
their “Fundamentals of Interactive Storytelling.” In the article the authors define interactive
storytelling as “...a gaming experience where the form and content of the game is modified in
real time and tailored to the preferences and needs of the player to provide a sense of control
over the mutual discourse of play,” (27). This definition emphasizes both the influence and
overlap with gaming, personalization, and the mutual discourse of free play that interactive
storytelling systems seek to create. Few other systems have the potential to use modeling,
simulation, and diegetic feedback to create experiences with the powerful feedback of games and
piadia pleasures of free play.
Play is situated culturally and its use and definition are tied to its context, which shifts.
Henricks notes that an expectation of a single unifying definition of play will be disappointed,
but he also writes that it is crucial “... that scholars compare play to other, similar activities”
(Henricks, Play 152). As he often notes, play shares these qualities with many other activities,
but “What makes play different is the way these qualities combine” (Ibid]). Free play is a subset
of play activity which is less explicitly rule-bound than other types of play and often relies more
on self-regulation than play in sports or other forms of play that emphasize competition.
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The origin of the idea of free play can be traced back to Caillois and his book, Man, Play,
and Games, in which he critiques and expands upon Huizinga’s conception of play in Homo
Ludens. Play scholar Thomas S. Henricks 2020 book, Play: a Basic Pathway to the Self also
critiques and expands on Huizinga and Caillois. Henricks specifically expands and critiques
Caillois in his essay on Caillois and his theories, (Henricks, “Caillois’s Man, Play, and Games”).
Of major concern to interactive storytelling games and the play they foster is Caillois concept of
paidia, which is equivalent to free play in play studies. paidia is one end of Caillois spectrum of
play attitudes which is characterized by “diversion, turbulence, free improvisation, and carefree
gaiety.” (Ibid 167). As one of his major critiques, where Caillois points to ludus (rule based play)
as exclusionary to paidia, Henricks makes the point that these forms of play are joined and
balanced with one another throughout an activity and even in the design of sports and games
(Ibid 183). Henricks does not accept Caillois’ idea that certain forms of play do not combine or
do not combine well, or are not modern.
While Caillois saw paidia and the types of play associated with it as more ancient and
less civilized, Henricks points out that modern roleplaying games are combinations of these
forms. Interactive storytelling games, which use many of the same principles of modern
roleplaying games, could be described in the same words that Henricks uses here to describe role
playing games, “And contemporary role-playing video games bring all these themes into focus as
players become characters who wander through confusing environments, encounter random
occurrences they cannot predict, and contend with the difficulties presented both by the logic of
the game and by other players (Ibid. 182). Interactive storytelling games and roleplaying games
also have a similar combination of ludus and paidia. Roleplaying mimicry depends upon shared
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understanding, which involves unspoken, or spoken, rules about behaviour. As Henricks points
out, People cannot play 'pirate' or 'astronaut' in just any fashion; they must match their creativity
to their shared ideas about how pirates and astronauts normally look and behave” (Ibid. 181).
Where modern digital roleplaying games and interactive storytelling games differ is in their
feedback and enforcement of the rules. Modern digital role playing games rely on explicit
feedback and rules in the form of written stats, simulated dice rolls often shown to the player,
and conversational narrative rules and clarified boundaries in the form of branching choices in
dialogue.
Interactive storytelling games, as described in a previous chapter, use diegetic feedback
that may rely on similar models of players and their world, but that integrate any information
given to the player into the story and dramatic experience. This difference allows for priority
given to the player agency and paidia play, though it does not imply that the play is not orderly.
As Henricks points out, from a play studies perspective, he does not believe these types of play
are mutually exclusive, but rather balance one another. In interactive storytelling games, the
novel aspect of this balance is that the paidia is given priority through diegetic feedback and high
degrees of agency for the player, who may roam a dynamically generated world at their whim
and change it based on interactions and overriding the system or story. In modern times, this is
so novel for digital games, that it lends itself to disorderly play, such as with AI Dungeon, and
the players who dedicate their fan creations to the weirdest stories that the game and they make
together.
The work of learning sometimes seems to be at odds with play, at least with certain
modern connotations. Jane McGonigal attacks these connotations even as she defines play as
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consisting of dealing with unnecessary obstacles, a definition she borrows from Bernard Suits
(McGonigal Chapter 1). However; she synthesizes psychology and play studies to show that
work is not the opposite of play, and that in fact play could be defined as satisfying work, but
rather by her logic, depression is the opposite of play (McGonigal Chapter 1). Her sentiments
and logic have an analog in the writing of Thomas Henricks in Play: A Basic Pathway to the
Self. Henricks writes that he does not see play as self-discovery, or self-invention, but that play
to him is self-realization (Henricks, Play 37). He differentiates between self-discovery, which
implies the faculties found in play were always there, and self-invention which denies the role of
the material person who comes into play (Ibid) Rather, he writes that play is self-realization
because play is a dialogue between the self and forms of otherness (Ibid) He recognizes that
there are other paths to self-realization, some that may be more instrumental and more
meaningful to many, namely work (Ibid 37-38) He further notes that educational scholars John
Dewey and Montessori put a primacy on work and recognized the value of it in its material and
instrumental value to improve the lot of the participant (Ibid 38). Finally, he notes that play's
special interest is in the personal consequence of putting into action one’s vision of who one is
and what they are capable of (Ibid 37). Work has as it’s goal instrumental gain and may or may
not be done with a playful attitude. As Henricks writes, “Work, perhaps with a playful or
expressive spirit, is the chief vehicle of self-realization” (ibid 38). McGonigal echoes this
sentiment when she quotes Brian Sutton-Smith who said that work is not the opposite of play,
depression is (McGonigal Chapter 1).
If work and play are two methods of self-realization, then learning appears to be a vital
meeting ground for them. Play may even be an outgrowth of work, in that it is a method to derive
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pleasure from an activity of safe experimentation. As Huisinga writes though, play is an end in
itself, at the end of his introductory section in Homo Ludens explaining this, he writes, “As a
sacred activity play naturally contributes to the well-being of the group, but in quite another way
and by other means than the acquisition of the necessities of life” (Huizinga 1-9). Though
Huizinga makes clear that he sees play as a necessity, it is self-contained in his view. In thinking
about the relationship between play and work, Henricks goes on to write, “It may be that work
more efficiently develops us by encouraging us to refine and improve our techniques for
achieving goals that are pertinent to our life interests. But play distills experience and encourages
us to try new practices” (Henricks, Play 39]. Play is the playground of the mind, where humans
go to learn more about who they could be and how much they could do in a distilled and
summarized environment. And in interactive storytelling games, the limitations of that process
are built dynamically with the player, allowing the freedom to change roles, change settings, and
to try on new motivations and to distill those identities and capabilities into narratives after going
through dynamically generated dramatic action.
One of the most important works for understanding games based learning comes from
James Paul Gee, who in 2004 wrote the transformational What Video Games Have to Teach Us
about Learning and Literacy, in which he argues that video games must exhibit important
learning principles to teach their players to navigate their unique semiotic domains. He then
applies those lessons to the K-12 classroom.
PLAY CONFLATED WITH FLOW
Many of the qualities of free play as described by psychologists overlap with flow, and a
comparison of that term with free play is what allows a working definition for this chapter to
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come as a synthesis of the descriptions from Play Studies and Psychology. Mihaly
Csikszentmihaly wrote the book Flow in 1990 and in it he describes what he calls optimal
experience (Csikszentmihalyi 2–5) some of the key characteristics are that a person experiencing
flow loses track of the self, of time, and is being challenged to the utmost of their ability,
specifically exactly in the range that they are neither frustrated nor bored (Csikszentmihalyi 75).
From Stuart Brown's definition of Play (Brown and Vaughan 17) and from Gray's definition of
play one might make a case that Flow and free play are overlapping terms; however, a further
analysis shows how they differ and in considering learning games and play within an interactive
storytelling game, some important considerations of those differences for design.
As defined by Mihaly Csikszentmihalyi flow is a state that the mind may begin during an
activity that challenges the mind's ability and demands their attention within the range that
demands their full attention, but does not frustrate them (Csikszentmihalyi, chap.4). It is a state
that does not necessarily last during an entire activity and one that happens after years of
practicing an activity with great focus (Csikszentmihalyi 108) Mihaly Csikszentmihalyi does cite
games as a consistent activity to arrive at flow (Csikszentmihalyi 4). Modern games often pursue
flow and much has been written on it (Michailidis et al.)
Free play is not so much a state of mind as it is an attitude that one brings into a situation,
and in the case of games, an allowed or disallowed way of playing. Digital systems may enforce
ways of playing with reified rule structures that allow or disallow freedom of action. While one
could certainly get into flow while performing free play, the overlap of the two has more to do
with the overlap of those conditions necessary for either being overlapping. Brian Sutton Smith,
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in The Ambiguity of Play, notes a key problem with the conflation of these terms when he writes
after giving many definitions that,
Together, they may be interpreted as showing how multiple theorists
seek to grasp the essential character of variability for their own
theories of play. The variety of their concepts implies that the phenomenon
theorists seek to model (play) is itself as centrally mercurial
as Gould has suggested the variability in adaptation is. (223)
While flow, free play, and play itself are certainly overlapping phenomena, it is important to
distinguish them, at least operationally, in order to clarify the unique attributes of interactive
storytelling games for learning. One way to view these attributes is to understand that many
games personalize the challenge level of the game in order to keep a player in flow, but
interactive storytelling games personalize along at least two other axis, as well as this one. They
personalize the type of play, from free play to ludus, to match the motivations of the player. And,
in science fiction portrayals, they also personalize the locus of play, from semantic to
experiential. Personalization along all of these axis lead to a great deal of potential for immersion
and learning customization.
FREE PLAY AND LEARNING IN PSYCHOLOGY
Interactive storytelling games may end up being the first digital games that some play
scholars from other fields recognize as encompassing their idea of what is possible during play.
For instance Stuart Brown in Play writes that:
Another hallmark of play is that it has improvisational potential. We aren’t locked into a
rigid way of doing things. We are open to serendipity, to chance. We are willing to
include seemingly irrelevant elements into our play. The act of play itself may be outside
of “normal” activities. The result is that we stumble upon new behaviors, thoughts,
strategies, movements, or ways of being. We see things in a different way and have fresh
insights. For example, an artist or engineer at the beach might have new ideas about their
work while building a sand castle. A kid playing tea party might come to understand that
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good manners and social conventions can provide safety and power rather than being
something imposed merely to make her feel uncomfortable. Those insights weren’t the
reason they played, but they arrived as the result of it. You never really know what’s
going to happen when you play. (Brown and Vaughan 18)
Brown exclusively writes of digital games in his book, except to write about computer game
addicts and Brian Sutton Smith’s views on the dark side of play (Brown and Vaughan 177–87).
In the same section, he also implies that when play is destructive to the self, it isn’t play at all,
but the contradiction is clear. When one doesn’t know what will happen during play, one cannot
be sure of its consequences. At the same time, the type of play that Brown laudes is one with a
world of possibilities that allows for freedom of action and immersion in the activity, which also
ends up having unintended learning benefits. In describing these aspects of play in the wild,
Brown has also described the effects of immersion and freedom of action along with a coherent
simulated world in interactive storytelling games.
While the human instinct to play leads to the unnamable impulses of laughter and exploration,
the journey from paidia to ludus is the movement from curiosity to a love of learning. If paidia
draws our attention to objects of interest and amusement, ludus holds it there and allows for
refinement of understanding through play. These manifestations of play are driven by the same
drives. Where paidia drives the spontaneous discovery of fun and play in a moment, in order to
continue that pleasure, ludus refines it. From a learning perspective, the freedom of paidia allows
the learner to discover the topics most pleasurable to them whereas, ludus, “...provides an
occasion for training and normally leads to the acquisition of a special skill, a particular mastery
of the operation of one or another contraption or the discovery of a satisfactory solution to
problems of a more conventional type. (29) (Ibid 27-28). What is unique about interactive
storytelling games is that they provide a framework that can seamlessly move between these
146

poles of play and thus allow both discover and interest-driven exploration of topics and the
refinement of understanding of those areas of interest through ludic structures embedded and
generated dynamically in their dramatic experiences. The spectrum of piadia to ludus and the
very human experience of moving between the two while learning has never been so fully
experienced outside of a playground.
The play journey described in this chapter does happen over years in hunter-gatherer
societies, where free play and storytelling are the main learning technologies and work together
to provide children with experiential and semantic learning of their various identity domains. In
this way, digital interactive storytelling games mimic this learning structure, as do the tropes of
most Bildungsroman. Peter Gray, the developmental psychologist who studies hunter-gatherer
cultures, play, and learning. He espouses a radical pedagogy that has free play at its center. For
Gray this freedom is explicitly about play. However, Gray acknowledges the power of stories to
teach when he writes about the role of elders in hunter-gatherer groups. Elders told stories which
taught children about their identity and though the stories were aimed at the group as a whole,
the children were extremely attentive, and none were forced to stay and listen, but rather wanted
to listen to gain knowledge (Gray, Free to Learn 30). The stories gave hunting and gathering
meaning and connected them with their group and their environment. Everything that the
children and adults did was infused with play and existed on a spectrum of action and play
together, so that their stories gave meaning to their play and their play gave meaning to the rest
of their lives. Henricks, who Gray cites, writes, ‘“Play is not trivial endeavor. It is necessary for
comprehending what we can be and what we can do,” (Henricks, Toward a General Theory of
Play 210). Gray, and the anthropologists he writes of, give credit to the constant play of hunter-
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gatherers for their ability to deal with suffering and to laugh in the face of pain when others grow
angry and frustrated (Gray, Free to Learn 40).
Brown writes that play is purposeless, and qualifies this by saying that play activities are
not done for their practical value, but rather for their own sake (Ibid 17). In comparing this to
Henricks, Huizinga, and Calios as described earlier, there is a strong overlap; however, Brown
goes on to write about the practical purpose of play and that there must be one since it is
supported by evolution and he writes that “Play creates new neural connections and tests them. It
creates an arena for social interaction and learning. It creates a low-risk format for finding and
developing innate skills and talents'' (Ibid 49). Brown is not contradicting himself here, but rather
qualifying and specifying his definition. The individual animal or person may not be aware that
they are participating in play for these evolutionary reasons, since they ostensibly would answer
that they play for fun, and would balk at the idea of turning their play to practical mundane or
rote chores or other activities that required an unplayful attitude. As Brown writes play is,
“...voluntary—it is not obligatory or required by duty. Play also has inherent attraction. It’s fun.
It makes you feel good. It provides psychological arousal (that’s how behavioral scientists say
that something is exciting). It is a cure for boredom” (Ibid 17). Both of these attributes have
direct correllaries in the work of Henricks, Huizinga, and Caillois. What Brown adds is a layer of
brain science and evolutionary explanation that ties what Henricks has shown to biological
factors and an evolutionary narrative.
Brown’s third attribute, which might compared to Henrick’s episodic attribute, and Huizinga’s
principle that play is separated by special places and times, and Caillois idea of a second reality,
actually relates most directly to Flow by Mihaly Csikszentmihalyi. In this instance, while the
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play studies scholars were including ritual and other considerations into their understanding of
the relationship between the special treatment of time and place in play, psychology has volumes
to add about the human experience of time during play specifically. As Brown writes:
Play provides freedom from time. When we are fully engaged in play, we lose a
sense of the passage of time. We also experience diminished consciousness of
self. We stop worrying about whether we look good or awkward, smart or stupid.
We stop thinking about the fact that we are thinking. thinking. In imaginative
play, we can even be a different self. We are fully in the moment, in the zone. We
are experiencing what the psychologist Mihaly Csikszentmihalyi calls “flow.”
(Ibid 17-18).
Game designers are immersed in concepts surrounding flow and questions about the boundaries
between flow, play, and work abound in that field and the industry. Flow is also an important
concept for education, as flow directly relates to the attainment of mastery through challenging
activity. As Csikszentmihalyi writes, “Flow is important both because it makes the present
instant more enjoyable, and because it builds the self-confidence that allows us to develop skills
and make significant contributions to humankind” (Csikszentmihalyi 43). There is also a clear
corollary in the description of flow to Huizinga’s description of play as self-contained. Huizinga
makes the point that “We may well call play a "totality" in the modern sense of the word, and it
is as a totality that we must try to understand and evaluate it” (Huizinga 3). That play and flow
overlap so much does not necessarily mean that they are equivalent. One of the greatest
commonalities between play and work is that during both of those activities, people can enter a
state of flow.
The improvisational potential that Brown writes about is a quality of his play that immediately
coheres with free play, and is even a key element in thinking about free play as a moment to
moment experience, rather than as a broad overall experience. Moments of freedom may occur in
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even the most rule-bound games, or in mathematically definable formal closed systems, such as
music, but it is notable that in music improvisation and free play are so synonymous that an
entire volume was written on the the topic of improvisation and was titled Free Play:
Improvisation in Life and Art by Stephen Nachmanovitch. When read in concert with Brown,
this work extrapolates on Brown’s principles, as Brown does himself when he writes that while
in play, “We aren’t locked into a rigid way of doing things. We are open to serendipity, to
chance. We are willing to include seemingly irrelevant elements into our play. The act of play
itself may be outside of “normal” activities. The result is that we stumble upon new behaviors,
thoughts, strategies, movements, or ways of being. We see things in a different way and have
fresh insights” (Ibid 17-18). This explanation is notable because it also contains direct corollaries
to key attributes of Henricks, Huizinga, and Callios respective definitions of play, namely that it
is outside of normal activity. That it can involve chance, or as Brown writes later in the same
paragraph, “You never really know what’s going to happen when you play” (Ibid 18). His
concept that play is about discovering the new, which directly overlaps with Henrick’s
conception of play as being centered on self-realization, especially for finding new expressions.
His last concept also appears to be a novel contribution of Psychology to qualities of the
experience of play, and it is vital for understanding the learning potential of interactive
storytelling games. He writes, “...play provides a continuation desire. We desire to keep doing it,
and the pleasure of the experience drives that desire. We find ways to keep it going. If something
threatens to stop the fun, we improvise new rules or conditions so that the play doesn’t have to
end. And when it is over, we want to do it again” (Ibid 18). The self-sustaining attribute of play
as Brown sees it is something that is a unique affordance of games that can constantly adapt their
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challenge and content to a player so as to keep them from becoming boring. A well designed
game, and especially one as dynamic and complex as a collaborative storyworld built through
interactive storytelling, can be played for years and can lead players through memorable learning
journeys that can best be compared to years of schooling or tutoring in a subject. A play of an
interactive storytelling game who experiences the joys of free play and learning can become
immersed in the subject to a point of mastery, and indeed, that is most likely the narrative reward
many would seek.
Brown’s concept of play may actually be closer to free play than to what play studies call
general play, just as Huizinga was focused on agon or competitive play. The priority of freedom
in Brown’s definition and understanding of play becomes clear when he writes,
These properties are what make play, for me, the essence of freedom. The things
that most tie you down or constrain you—the need to be practical, to follow
established rules, to please others, to make good use of time, all wrapped up in a
self-conscious guilt—are eliminated. Play is its own reward, its own reason for
being. (Ibid 18)
Brown’s concept of play is also not centered on games, but includes activities as diverse as
“...art, games, books, sports, movies, fashion, fun, and wonder...” (Brown and Vaughan 11-12).
What Brown has defined in a more particular way than perhaps even Caillois is the freedom in
play, and what free play is from a psychological perspective. Despite his lauding of play being
done for its own sake, he does write in depth about how play is an invaluable adaptation for
learning and discovery through safe experimentation.
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BROWN PLAY AND LEARNING
Brown’s conception of how play and learning interact is a topic that spans his work and
intersects with animal psychology, human psychology, neural science, and illustrative anecdotes.
He writes a great deal on on social learning and skill building through “playful experimentation”
rather than through rote learning. Brown’s research began with a focus on the deprivation of play
and how many experts believed that it led to homicidal tendencies in people, which eventually
led to the formation of that National Institute for Play (Brown 94 - 95). To summarize Brown’s
perspective, play is the area where an individual, from any species that plays, may experiment
and find new methods, connections, and understandings of the world around them, especially in
play with others, where social connections are strengthened, understanding of others is tested,
and ones’ own skills are sharpened. In the most pertinent section of his work to interactive
storytelling games, Brown focuses on imagination and playing pretend. Here he is extrapolating
and correlating his own findings and observations with the writings and findings of scientist and
nobel laureate Gerald Edelman (Brown 35). Edelman writes about how our minds create flexible
maps of meaning to navigate our worlds. Brown believes that writing about how play refines our
symbolic maps of the world, which must navigate to make meaning. Brown writes that he
believes that this refinement and orchestration of details needed to keep the maps adjusting
happens through play (Ibid 36 - 37). Of playing imaginative play and playing pretend, he writes,
“Play’s process of capturing a pretend narrative and combining it with the reality of one’s
experience in a playful setting is, at least in childhood, how we develop our major personal
understanding of how the world works. We do so initially by imagining possibilities—simulating
what might be, and then testing this against what actually is” (Brown 36). Interactive storytelling
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is this process aided and dramatized with the reification of a collective imagination, as distilled
in the algorithms and datasets generating the experience. And when that experience is shared
with other people, the process is enhanced by the participation of other minds simulating and
testing in parallel.
GRAY ON LEARNING AND PLAY
While Brown shares a detailed theory of how imagination and play collide with learning
and neuro science, another psychologist, Peter Gray, attributes specific and overlapping learning
strengths to free play and storytelling as the most ancient learning technologies of humankind.
Gray defines free play as, “... play in which the players themselves decide what and how to play
and are free to modify the goals and rules as they go along” (Gray 7). In most digital games,
rules must be formed beforehand, or at least they must be defined algorithmically so they are
predictable by the player. While rules might be added during play, or taken away, they are rarely
formed and if they are, it is through a process that is procedural rather than improvisational. The
opposite is true during interactive storytelling games, whose dynamic dramatic experience might
contain whole new invented games for the narrative, or modify old ones, and whose rules of play
during normal interactive are formed through the storytelling in collaboration with the player.
The difference is subtle but has a large impact on learning. Peter Gray explains when he writes,
“Pickup baseball is free play; a Little League game is not. Free play is how children learn to
structure their own behavior” (Ibid). A player who is learning about computational thinking in an
interactive storytelling game collaborates on the structures that teach them, poses questions that
dynamically change what structure the experience and particular scene will take, and is free to
invent new situations or solutions within the confines of the simulation. Genuine discovery and
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exploration occur in interactive storytelling games in way that they cannot in other games
because interactive storytelling games simulate novelty through improvisation bound by rules of
simulations which the user can tweak.
Gray acknowledges the power of stories to teach when he writes about the role of elders
in hunter-gatherer groups. Elders told stories which taught children about their identity and
though the stories were aimed at the group as a whole, the children were extremely attentive, and
none were forced to stay and listen, but rather wanted to listen to gain knowledge, (Free to Learn
30). The stories gave hunting and gathering meaning and connected them with their group and
their environment. Everything that the children and adults did was infused with play and existed
on a spectrum of action and play together, so that their stories gave meaning to their play and
their play gave meaning to the rest of their lives. Henricks, who Gray cites, writes, ‘“Play is not
trivial endeavor. It is necessary for comprehending what we can be and what we can do,” (Play
as Self-Realization 210). Gray, and the anthropologists he writes of, give credit to the constant
play of hunter-gatherers for their ability to deal with suffering and to laugh in the face of pain
when others grow angry and frustrated (Free to Learn 40). Play allows for players to see their
situation from the outside and to transcend it. The free play of interactive storytelling games
would give a similar rich perspective on a subject that allows students to use fantasy to escape
patronizing voices. The unreality of a story allows the audience to imagine other minds and
themselves in other situations in ways that non-fiction does not.
NARRATIVE SCAFFOLDING AND THE PLAY JOURNEY
Play and stories compliment one another. When children learn computational thinking through
story-telling, they’re able to better model computational thinking in their play. Computational
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thinking is already part of what students learn when they model the world; teaching
computational thinking puts those lessons in relation to technology. When we understand how
modern computational thinking can help us amplify our attention and ability to personalize, we
can exceed student needs. One of the guiding principles of Peter Gray’s research is that mixed
age groups allow students to become teachers, to learn to nurture, and to reinforce their learning
(Gray, “Play as a Foundation for Hunter- Gatherer Social Existence” 512). When we teach
students computational thinking through narratives that are personal to them, we give them
power to share this knowledge and we make computational thinking teachers out of them. When
we make personalized narrative play social, we multiply the number of voices both learning and
teaching. When we teach future generations an understanding of the seeming magic of today's
technology, we empower them to multiply it again by enhancing and refining the technologies
that guide them.
This is the power of teaching with multidisciplinary tools and methods, of teaching the sciences
through the humanities and vice versa. And that synthesis is one of the most unique features of
interactive storytelling games that teach computational thinking. A multidisciplinary approach to
teaching computational thinking using narrative has been shown to not only help motivate
students through engagement with stories, but to help those new to computational thinking
through showing analogous structures in narrative, and to help those already integrated into
programming understand narrative and its similar structures (Cabo and R. D. Lansiquot; Cabo
and R. Lansiquot; Kelleher) Interactive Storytelling games generally have a player model in
order to create custom content and keep the stories generated fundamentally different,
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(Arinbjarnar 1 - 8). This model is a history of play with the system, and it is this model that
would allow interactive storytelling games to create personalized learning adventures.
Interactive storytelling games create and foster free play because through freedom of action, as
well as freedom of play structures. The game can move from extrinsic structures, such as points
in a basketball game, to intrinsic structures, such as playing with learning a new language for the
sheer joy of it in conversation with npcs. The rules of the game are diegetic and integrated into
the setting, there is no obvious restriction of choice in the player’s actions, and it subverts the
normal authority of digital games from a top down developer as authority over what happens and
computer as enforcer and executor of the developer’s will to a collaborative structure where the
player can alter or completely change the rules and events as they play. While many game genres
promote free play, such as building games in open worlds like Minecraft, only interactive
storytelling games pair this with the other major ancient learning technology of mankind:
storytelling. Other genres of storytelling games do not allow for free play in the same way that
interactive storytelling games do. Instead, because language is not the free and simulated toy that
it is in interactive storytelling, other games are restricted to creating free play around simulations
of objects. As Chris Crawford writes about the limitations of non-interactive storytelling games,
“it’s always things, things, things and never any dramatically significant interactions with people
in games” (Crawford, Chris Crawford on Interactive Storytelling xii). This is why computational
thinking games were either able to teach using predetermined puzzles with more rigid structures,
linear or branching narrative, or free play in construction which was restricted to experiential
learning.
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It is unique in the digital realm that through narrative scaffolding and freedom of action
interactive storytelling games can foster identity forming and searching free play that leads to
disciplined play toward mastery. Interactive storytelling games also have the potential to
integrate extrinsic motivations by placing them diegetically in the story. The following is a chart
that shows the differences between the three genres of games that we can compare in areas
related to teaching computational thinking through narrative free play and free play with
simulations.

Table 5: Computational Thinking in Games
Open World
Interactive Storytelling

Construction
Games

Branching Narrative Games

games

Currently Used for
Computational

Yes

Yes

Not Yet

Yes

Yes

Thinking
Teach Semantic
Knowledge through
Narrative
Teach Experiential
Learning through

Not Without
mods
(branching)
Yes

Not without a sandbox game
inside it
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Yes

Free Play
Foster Free Play
with Semantic and
Experiential

Not Without

Not without a second game

Yes

Yes

Often no

Solo or Social

No

No

Yes

Yes

No

With Diegetic Feedback

No

Yes

Yes

mods

Learning
Encourage Social
Learning
Create a Dialogue
With Experts
Protect Intrinsic
Motivations
Afford the Use of
Extrinsic
Motivations
In order to foster free play, activities must have freedom of choice, both in how the
interactors approach the activity and in how they respond within the limitations of the activity.
As Henricks points out, this does not mean that there is absolute freedom. There are constraints
in any context, as Henricks notes, “People cannot play “pirate” or “astronaut” in just any fashion;
they must match their creativity to their shared ideas about how pirates and astronauts normally
look and behave (Henricks, “Caillois’s Man, Play, and Games” 181). This is especially pertinent
to interactive storytelling games, which are the dig”ital equivalent of playing pretend. In
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interactive storytelling games, players collaborate on the dramatic action dynamically with the
system and each other. In many depictions and versions of interactive storytelling games,
including AI Dungeon, the players can edit rules on the fly and even change previous events to
suit their preferences. This aligns exactly with the necessary qualities to foster free play, namely
free choice of activity and the attitude of involvement. As in free form construction games that
teach computational thinking, players are free to roam from the topic and return to it as they see
fit or as their desire to learn about other subjects more immediately pertinent to them present
themselves.
Modern digital roleplaying games have much in common with playing pretend as well,
except that the story is on rails, very noticable rails. Even a story with thirty two possible endings
is more on rails than an emergent narrative game that has only one ending, which the player is
free to ignore and has a full spectrum of methods to reach. Playing pretend involves generating
the story as one plays, which is the specific kind of free play that Interactive storytelling games
make possible and foster. This aligns with Montessori methods, which allows students to move
freely from structured activities of their choosing and to explore them with guidance when
necessary. In this way, interactive storytelling games mimic the teaching method of Montessori
in that students choose from the many possiblities presented which to pursue, and then are
guided by a more knowledgeable teacher. The most effective interactive storytelling games
would undoubtedly have talented teachers playing alongside students, stepping into roles
themselves in order to make sure that the content was coming through and to add their own
particular methods to the story. These systems would give teachers that freedom and powerful
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teaching affordances to enhance their lessons, allowing them to generate in seconds what would
have taken them weeks or even years to prepare alone.
Free flow between interests One aspect worth highlighting that is unique in digital games
to interactive storytelling is the ability to transition seamlessly into a range of topics and content
that was not developed prior to the game and may have little or nothing to do with computational
thinking. While this might seem to some educators like a negative because it allows the game to
go off topic, it is this capability that allows interactive storytelling to give the player the feeling
of free play while still playing with the system. Players can always choose to approach a game
with different playful attitudes, and often they chafe against games that don't recognize their
attempts to buff the structure given to them. Interactive storytelling games have flexible dynamic
structures that build the dramatic experience around the player's actions and models of their
knowledge and motivations. An interactive storytelling game would be equally capable of
teaching a player who desired disruptive play as a hacker taking on an oppressive government as
one who wants to work for that same government but sees them as a force for order in a chaotic
world. The difficulty in design will be in thinking of how to guide and effectively limit the
choices without losing the sense of free play, rather than what most digital developers now
struggle with, giving a great enough sense of agency to make players feel that their choices have
meaning and are reflecting their creativity and identities. And as in a Montessori school setting,
if players want to learn about a different part of the world that has little to do with computational
thinking, or at least what they were previously learning about computational thinking they are
free to change topics and the content of the game while it's systems dynamically personalizes
both around them moment to moment.
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Nurturing intrinsic Motivations uses diegetic motivations to switch between activities that
are intrinsically motivated and extrinsically motivated. One must be careful in nurturing intrinsic
rewards and in utilizing extrinsic rewards to motivate those activities that are not currently
internally motivated. As Jane McGonigal points out in Reality is Broken, extrinsic reward
systems are valuable in order to motivate us to do challenging activities we do not currently find
internally rewarding; however, they can make internally motivated activities less rewarding and
can even lead to the extinction of internal motivation for those same activities (McGonigal 157).
While McGonigal points out that games can utilize either, and she describes in detail how Nike+
focused purposely on the use of avatars and measurement without reward in order to nurture
intrinsic reward for runners. However, moving seamlessly between the two is a unique
affordance of interactive storytelling games (McGonigal 159–64). Through the dynamic
generation of diegetic feedback and the world around the player, situations would arise within
the dramatic action to motivate the player to either pursue an activity for internally motivated
reasons or external ones, in the case of challenges the player would not otherwise wish to
attempt. The player model kept by the game system could track this and generate dramatic hooks
for likely motivations. As players became more intrinsically motivated, the game could guard
against extrinsic rewards extinguishing those internally motivated habits the game wished to
inculcate.
Even without design, the process of collaboratively telling a story with a computer
system that can effectively achieve this would ultimately lead players toward seeking goals that
they were intrinsically motivated to pursue. When there is no reward except those that the player
accepts and helps generate through play, then the structures in place will mirror the internal
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reward systems that the player is most interested in, or they will reflect the player's current desire
for extrinsic rewards.
But what does this have to do with free play? This is the same kind of feedback present in
free play pretend, though it is rarely written about. In playing pretend a player is fantasizing and
a key element to that fantasy is not only the reward system itself, but the identity of the player as
someone who desires that reward system. In playing cops and robbers, players can alternate and
try on different identities and different motivations. Players could easily move between playing a
justice hungry police officer and a corrupt beat cop, or a robber trying to earn money to save
their cancer ridden spouse or one who plans on making it big to open a casino in a third world
country and strip the environment of its resources. All forms of play and fantasy are available in
pretend, and the Montessori method offers a great deal of guidance in interacting with this
fantasy play which appears to be nearly ubiquitous in children, and is vital for learning for ages
seven to twelve, according to Montessori (Montessori 27). Interactive storytelling games built
with carefully considered affordances for fantasy modeled on the Montessori method would have
the same powerful hooks for learning and fostering the intrinsic rewards of learning in their
students. Those that also build with affordances for Montessori teachers could see their systems
improve and personalize to both student and teacher as they build fantastic story worlds together
centered on learning and free play.
As in the Montessori method, feedback for learners is not based on ranking, or other
external reward systems, but happens through natural social interaction and through the reward
of learning for its own sake, in the pleasures of mastery and discovery, and through the
application of what one has learned in other areas of one's life. Perhaps the best lesson offered by
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this type of play is how to structure one's own time in order to pursue internally motivated
activities. Extrinsic motivations are social (other) but does not usually use explicit feedback
Utilizes social and intrinsic interest in learning, a major lesson is to teach intrinsic love of
learning.
SYNTHESIZING INTRINSIC AND EXTRINSIC MOTIVATIONS INTO AN
ADVANCED FREE PLAY SYSTEM WITH SEMANTIC AND EXPERIENTIAL
LEARNING AFFORDANCES

The ability of using and transitioning between intrinsic and extrinsic motivations and
game structures in interactive storytelling games allows for unique personalization that goes
beyond challenge level or content interest, but to the core momentary motivations of the
participant, who is co-creating the activity. In writing about different modes of play that Callois
developed, Henricks notes that "Participation in sacred matters, as mentioned, involves the
subordination, humiliation, or even negation of the self" (Henricks, “Caillois’s Man, Play, and
Games” 183).In taking on a role within a game system, one participates in mimicry play. Even
when one's identity is closely aligned to one's own identity, the player is still mimicking
themselves, or modeling themselves as they envision their identity within this context. James
Paul Gee discusses this matrix of the self, the character, and the represented self in the play of
the character or avatar in his section on Tomb raider (Gee 114–21). He concludes that players are
constantly keeping all of these identities in mind as they play and are not wholly consumed by
any one of them, including the original self that existed prior to the game and continues to exist
after play (Ibid). In play that focuses on competition and chance, Henricks writes that the
assertive self who learns through the world through confrontation or opposition is primary, and

163

he writes that in mimicry (and vertigo) play, the yielding, embedded self who "enters the forms
of otherness and discovers the new possibilities of expression that are found in the expanded
identity" are primary (Henricks, “Caillois’s Man, Play, and Games” 183). In interactive
storytelling games, the type of play itself can be personalized to the player model and to the
actions of the player. If the player begins to take assertive and competitive action, the game
system can respond diegetically, perhaps even by placing them into a competitive skill based
game, such as a chess championship where the actual moves that the player takes become part of
the dramatic action. The game system can personalize this challenge based on its model and
available content, however sophisticated or well designed that may be, and thus challenge the
player at their level, or above or below it depending on what the system determines is best for the
player and the dramatic action in that moment. The player is also simultaneously dynamically
creating a story in an identity that they may or may not identify with and thus is participating in
discovering forms of otherness and new possibilities for their identity and their expression.
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CHAPTER 5
INTERACTIVE STORYTELLING PROTOTYPES THAT
TEACH COMPUTATIONAL THINKING
As stated in Chapter 2, Interactive storytelling games are a specific subset of the genre of
narrative games in which the systems of the game simulate a setting rife with narrative elements
and the central object that the player participates with through the mechanics of the game is a
dynamic story built through player participation in dramatic experiences through game systems
with game mechanics that reinforce this process. They are what Janet Murray calls the magic
storytelling genie (Murray, Hamlet on the Holodeck 14). Anything a player can think of, the
game will allow them to try. This is what Murray calls freedom of action (Murray, Hamlet on the
Holodeck 94). Finally, the quality of these games is mostly discerned by their consistency and
whether they give an immersive and highly interactive experience: i.e., their feedback/output
needs to make sense regardless of what the player tries, according to the relationship the
affordances have to one another as Murray describes (Murray, Hamlet on the Holodeck 93–94).
This quality, which is mostly up to the complex manipulation of story construction primitives, as
Murray defines them (Murray, Hamlet on the Holodeck 189), has until recently been so poor that
most games in this genre failed.
This chapter answers the question, what digital interactive storytelling games teach
computational thinking? The answer arrived at is none. There are two interactive storytelling
games that have the minimum requirements to be qualified as full games according to the
operational definition above. Neither teaches computational thinking. This in itself is evidence
that this genre is emerging since a plethora of games exist which teach computational thinking.
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The normal process by professional game designers of looking at example games for
comparative analysis is hindered for this genre. What follows is an analysis of these two games
and their potential for teaching computational thinking and a survey of games with similar
mechanics that teach computational thinking, of which there are many more than can be covered
in this chapter.
FAÇADE
Façade is an interactive drama in which the player uses their own name and gender and takes on
the role of a longtime friend of a couple, Grace and Trip, who are in a relationship ending
conflict (Mateas and Stern, Façade: An Experiment in Building a Fully-Realized Interactive
Drama 3). "Façade is an attempt to create a real-time 3D animated experience akin to being on
stage with two live actors who are motivated to make a dramatic situation happen" (Ibid). And as
is fitting with an attempt to recreate the feeling of improvisational or participatory theatre, "the
player, Grace and Trip can continuously move anywhere, use objects, speak dialog and gesture at
any time." (Ibid). The experience aims to be "20 minutes of emotionally intense, unified,
dramatic action" where the players actions "...should have a significant influence...." and
"Change in the plot should not be traceable to distinct branch points...." (Ibid). Façade was built
using advanced AI techniques of sequential logic based programming, along with 3 years of
handwritten dialogue to create 27 story beats (Mateas and Stern, “Writing Façade: A Case Study
in Procedural Authorship” 23). None of the text or lines spoken were generated during play, but
instead they were pieced together using several algorithms to determine how the player actions
affected the relationship with Grace and Trip (Ibid).
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What is the potential for a sequential architecture system like Façade to engage in
teaching computational thinking? Façade is an interactive storytelling game built out of modular
static lines of dialogue and artificial intelligence drama management, which creates a dynamic
one act play that responds to user input. In many ways, it represents the pinnacle of sequential
logic based interactive storytelling possibilities. While the game is an excellent object of study
for teaching about artificial intelligence techniques and natural language processing, in its
dynamic storytelling nature, it is unlikely it would change its plot in order to engage a player
who wanted to learn about computers or computational thinking.
The hypothesis tested below was that this sequential system would show an inability to
adapt to interacting around computational thinking. All of the dialogue lines are spoken and are
pre-recorded, meaning that any subject the player wants to discuss must be one that the
developers have thought of including beforehand. While certainly an interactive storytelling
game could be built as Façade was to teach computational thinking, if the player gave input that
was off-topic in any way, even by straying from the subject at hand by discussing an architecture
for computers that the player was interested in but that the developers had not thought to include,
then the game would attempt to move back to the topics it had ready.
The test of this possibility happened with the free version of Façade available online. During the
session, input steered the conversation around computers and tried to get the two characters that
the drama centers around to begin speaking about a topic that the player character claimed was of
vital importance to her. The non-player characters used the responses surrounding confusion and
misunderstanding and continued with their story beats playing out as if the player character had
taken passive destructive actions.
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Figure 6: Top left, right, and bottom left, the characters disengage, in the bottom right the
character seems to comment in line with the player, but ends up ignoring the player’s request.
Façade works by centering the conversation on the lives of the two npcs in the game and making
their story the central to the plot, and by bringing the game back to the plot where all the
possibility space exists. The tight authorial control means that Façade does not have the
flexibility of many imagined interactive storytelling games.
Given the high degree of labor needed to create Façade, and the lack of freedom of action in
diverse topics even when the work is complete, the potential for sequential logic based
interactive storytelling for learning would not give players the immersive experience described in
the previous chapter. Façade is also a singleplayer game and excludes social learning. While
games made with this architecture have the potential to be incredibly powerful when built for
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computational thinking, their lack of flexibility makes the illusion of freedom of action less
immersive on replay. In the end, three years to create twenty minutes of compelling dramatic
gameplay around computational thinking may not seem worth it for most developers.
AI DUNGEON (AI DUNGEON 2)
AI Dungeon, which has been updated into AI Dungeon 2, is described by its publisher as an
endless “text adventure game that allows you to do anything you can imagine” (AI Dungeon Apps on Google Play). The original AI Dungeon, as described in previous chapters, was built by
Nick Walton during a game jam where he was able to create a seemingly infinite text based
adventure that would respond to any text input from a player using neural net based AI (Harris).
The game allows players to select from a series of settings, based on its datasets generated from
thousands for writers on sites like chooseyourstory.com, and has significant updates that have
added coherency, more player actions, and much larger abilities to edit the text in order to direct
the AI toward the collaborative storytelling experience the player wants (Frauenfelder; Harris;
Salter). Because of the advancement in neural net architectures and work by companies like
OpenAI on text generation and recognition, Nick Walton built in a weekend what the interactive
storytelling game field has been seeking for decades. This section examines whether this
architecture has the potential to teach computational thinking.
The subscriber version of AI Dungeon 2, the commercial successor to AI Dungeon, uses
the OpenAI GTP-3 to power its text generation, which the company calls the Dragon model
(Vincent). The GTP-3 is a deep learning model which has one of the biggest databases and
largest sets of parameters available today (OpenAI API; Sagar). Text generation in deep learning
generally works by taking the users input, previous output from the game, and comparing it to its
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databases of text to find the statistically most likely replies (The Unreasonable Effectiveness of
Recurrent Neural Networks). Design concerns for this AI are an important part of creating an
interactive storytelling game because it would include how many words the system keeps
mapped and how far back it considers in its response. More parameters and vocabulary are not
always better, and many other factors come into play, chiefly what the data set is used to
generate the likelihood of responses. A computational thinking game might need to include
gigabytes of information on computational thinking concepts. Even in this case, with the current
state of deep learning, and with the basic principle of free play in mind, the designers and
developers of any interactive storytelling game using deep learning, do not know the exact
output after interaction. Using such a technology in a formal setting would require not only new
ways of computational thinking for its design and development, but for the creation of standards
for formal adoption. For this reason, this dissertation focuses on informal education settings.
In order to better understand the potential of a neural network based architecture for
creating an interactive storytelling game to teach computational thinking, a qualitative close
reading analysis of play sessions of AI Dungeon 2 were undertaken to answer questions about
capability and flexibility. Could AI Dungeon, which is not designed to teach computational
thinking, aid a playing in learning computational thinking through play devoted to that topic?
What could its failures and successes help game design researchers understand about the needs
of future neural net based interactive storytelling games designed to teach computational
thinking? Through this qualitative close reading analaysis, surprising answers arose.
The following are descriptions of two specific play sessions, using the GTP-3 Dragon model AI,
where the player’s goal was to get AI Dungeon to teach them about computational thinking and
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relevant facts around the topics the player’s choosing. More often than not the AI dodged the
questions or tried to get the plot back into other areas that perhaps had more data related to them.
The first play session was done using a scenario created by user Coconut_Cube that allowed
players to interact either with an emulation of a windows operating system or a Mac operating
system (Scenario View AI Dungeon). The play session happened in a Windows operating
system, and though the setting was ostensibly related to computational thinking concepts, little
impressive interaction about computational thinking before the story devolved into a drama
centered on characters that did not interact with computational thinking concepts. While some
results could be seen as impressively coherent and relevant to teaching computational thinking,
the most impressive interaction attribute was the way that the AI mimicked the language and fact
finding manner of a speech controlled, much less powerful, digital assistant. Two moments stick
out from this play session as worthy of analysis for game design research:
Table 6: Close Reading Windows AI Dungeon Playtest
Windows AI Dungeon Playtest (“Windows Adventure
Computational Thinking Playtest” Adventure View AI
Analysis

Dungeon)

After playing through many
actions trying to get specific
computational thinking
information, this is the first
> You say "What is a game disc"

time the AI responded anything

171

resembling real information.

It was odd that the AI was
focused on Game Discs even
though most games are now
delivered through online
A game disc is a small piece of plastic that contains the

software clients. The company

instructions and game data. When you place the disc in your

the AI was supposedly writing

computer, the data is read and the instructions are displayed on about, Blizzard, uses such a
your screen.

client.

Usually, you will need to type in a 4 digit code to unlock the
game.

This is not generally true.

The player wanted to
demonstrate the ability of the
AI to move between interests
of the player and to answer
specific questions that would
be outside the domain of most
> You say "What is Gnomeregan? "

game AI.
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This seems to be an answer
generated from fan pages and
the Blizzard page itself, though
Gnomeregan is a zone in World of Warcraft. It was occupied by it is impossible to know the
gnome refugees long before the beginning of the first War.

exact source for this response,

They were forced to leave their homes when the zone was taken as it is not a locatable verbatim
quote.

over by the Cataclysm.

The player was enjoying
challenging the boundaries of
the AI and trying to make it
stumble. It responded
> You say "How is data read by a computer?"

surprisingly well here.

You need a game disc in the drive to play.
Even this rather coherent and
After you place the disc in your computer, the instructions from informative response is a off
the game program are display on your screen. The program

topic and shows a lack of an

instructs the player to press specific keys or buttons as it

ability to really respond to a

commands.”

player.

After this first playtest, there seemed to be little hope that AI Dungeon would be able to add
value to computational thinking instruction without heavy modification. Though some of the
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responses were impressive, given that in any other digital game asked such questions nothing
nearly as coherent would return. Through the AI responses, it was obvious that this game was not
created to teach computational thinking. It did add some insight into design areas not considered
previously, such as setting and time period. Historical periods would allow players to learn about
evolving computational technologies from ancient automata run with ropes, pulleys and sand, to
compact discs and beyond. Also, a definite design consideration is how to limit and restrict
responses. How could a computational thinking teacher use this game, given that both the player
input and AI responses are editable in the latest version of AI Dungeon?
For the second playtest example, the player chose one of the main settings from the
singleplayer menu rather than a modification. The player chose cyberpunk, though fantasy is
recommended because it has the best database. The second example took ten commands to the
AI and 40 lines of narrative to reach a point where convincingly advanced concepts of
computational thinking appear. It also took one redo, a request a player can make to the AI to
have it try again at a particular line. Many of the answers before this avoided getting further into
computational thinking and coding at an advanced level and instead summarized with general
language, though some of this gave clear and rather detailed information, such as in the
following two interactions:
> You explain the difference between python and C#.
The woman listens to you speak, and begins typing in the commands to the game.
You explain the difference between the two languages, and she replies "I think I'll
start with python, it's easier to learn"
You are now learning C++. (“Cyberpunk AI Dungeon Computational Thinking
Playtest” Adventure View AI Dungeon)
This interaction illustrates how the game can embed and create a nearly seamless narrative
around computational thinking. There are still junk lines, such as “You are now learning C++”.
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This line not only did not relate to the original question, it also inaccurately remembered an
action the player previously took, learning C# and created a paradox about the presented story.
Did the character switch to learning C++ while their companion learned python? This is a fairly
typical problem in this first deep learning based interactive storytelling game. Still, what comes
next was incredibly surprising. In the previous playtest the player had confounded variables by
testing how well the AI jumped from one topic to another. In this playtest, only computational
thinking and programming related inputs kept the AI more focused and its responses became
surprisingly relevant, accurate, and informative.
Table 7: Close Reading AI Dungeon Cyberpunk 1
Cyberpunk AI Dungeon Computational Thinking Playtest
(“Cyberpunk AI Dungeon Computational Thinking Playtest”
Adventure View AI Dungeon)

Analysis
Specific concepts help to link
the AI to more advanced
computational thinking
questions.

> You say "Is C# a strongly typed language?"
The father looks over the program again, and begins tapping his
finger.

The integration of this accurate
Suddenly, he puts the papers down and stands up. "It's a

information was already much

strongly typed language"

more coherent and aware of
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previous inputs than anything
in playtest 1
This line seems like a junk
line. The father knew this
already, or is he saying that it
is good for the player character
He walks over to you, and says "That's good to know"

to know?

the original response to this
was off topic. The player took
the action to redo the response,
and gave the AI a chance to
respond more coherently. From
this point on in the story, the
computational thinking
> You say "What does it mean that it's a strongly typed

concepts become much clearer

language?" [note this line had a redo]

and more advanced.

The woman's father looks over the program again, and begins
tapping his finger.
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This level of detail and
accuracy is extremely
impressive, but what is more
impressive is that the response
is given diegetically. In the
previous playtest, the game
was emulating an operating
system and so gave responses
that sounded like a digital
assistant. Here the feeling is
that this woman's father has
some real knowledge about
computers as a character and is
able to respond to your
Suddenly, he puts the papers down and stands up. "It means

questions with a casual tone

that the compiler will complain if you don't declare the types of that still gets at the heart of
variables you're using.

some technical details.

> You say "How will the computer complain?"
The woman's father looks over the program again, and begins
tapping his finger.
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The father's impatience and
Suddenly, he puts the papers down and stands up. "It'll give you explanation is quick and
a compile time error. Here, try typing in some code"

believable.
This is an example of the AI
driving the story away from
constant questioning. The
player could rewrite or delete

You sit down at the computer and begin typing in the program. this response.

> You program a game in C#.
Here we see a montage that
You spend the day writing several programs on how to play a

adds no knowledge of

game, and finally choose the one that plays the best.

Computational Thinking

The next day, you meet up with the woman, and she shows you
the program you wrote.
In the last two lines, the game
refocuses on the player's
interactions with the woman
and seemed to be losing
"This is so much fun!

significant computational
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thinking detail.

This was an attempt to refocus
the game on advanced
computational thinking topics,
> You read the code line by line.

or at least specific ones.
This response is stunning. Not
only is it accurate, but it is
coherent with the actions the
player took. At this point, it is
clear that a modification of AI

The first line in the program is "int main(int,char**)". This line Dungeon could give
is a simple declaration: you are saying that the function that is

meaningful lessons on

about to come is the main function, and that there are two

Computational thinking and

arguments to the function.

coding.

The second playtest showed real coherency and capability to impart meaningful and advanced
computational thinking concepts and specific technical information diegetically. For further
study, building a detailed scenario around computational thinking would reveal volumes about
the potential for this game, not just future games, to teach in the subject area. Multiplayer games
with a student, or students, and teachers playing together would allow for a great deal of
coherency and accuracy in the story and the information shared and would allow for group free
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play, giving the kinds of social rewards many learners seek. In order to understand this
possibility and the limitations on it, an examination of the game is necessary. AI Dungeon has an
open enough community and modification capability to allow users to explore how interactive
storytelling games might teach computational thinking. To understand how this could happen, an
analysis of the game in more detail is necessary.

The interface for AI Dungeon allows for several actions and a free input of characters,
with a few choices to qualify how the input will be transformed to fit the story. One of the
biggest innovations of AI Dungeon is that it transforms user input into sentences that fit better
within what the AI is expecting for the next line. This aids in creating coherency. It was also the
most difficult programming task that Walton faced in creating AI Dungeon initially, (“How Nick
Walton Created AI Dungeon”; Boog). These are the advances that allow the storytelling building
blocks to go beyond the sentence or word level choices that would normally consume
development time, as they did in Façade.
The options are currently to have player input transformed as “Do,” (have the player character do
something) “Say,” (have the player character say something to the other characters or narrator)
“Story,” (directly add to the story what happens next as raw untransformed text). Other actions
are also available that help players to collaborate in the creation of their story. None of these
were available in the first version of AI Dungeon, which took whatever input the player wrote
and tried to transform it into the next line, usually if not always by making it into what is
currently the “Do” option. Players were responsible for adding other qualifiers if they wanted to
speak and it was nearly impossible to add a line to the story.
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Figure 7: Having the option to specify do gives the AI a focus and allows it to use relevant action
based parts of its data to generate the response.
The player has other options above the input bar. In order by icon they can 1) Report AI abuse by
line 2) Add world info that is hidden from the player which is triggered if one of the keys is
mentioned 3) Add something for the AI to remember, which can include style hints such as use
descriptive writing 4) Edit lines in the text to be whatever they want 5) Undo the last line 6)
Redo the last line 7) Resubmit and generate the last line again.
In the first version of AI Dungeon these options were not available and most of them allow for
greater user control. Through further design and development the game has become more
collaborative. Perhaps most importantly, the game has added a multiplayer mode and the ability
for players to create custom worlds to share.
For the purpose of analyzing what is possible with AI Dungeon, there are three core features
missing to turn it into a game that teaches computational thinking informally.
1) A guarantee of accuracy of information about computational thinking, and even better
about other subjects.
a) This could be solved through game mechanics by:
i)

Having error spotting in the AI’s answers as part of the game
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ii)

Having an expert as another player, part of whose role is checking the
accuracy of the AI responses.

2) A built in puzzle feature that is doing stealth assessment of the player
3) A goal of the AI to see competency and understanding in the player.
In order to test whether the last two were possible or would emerge from the system in some
small degree the player tried the following next two commands with AI responses included:
Table 8: Close Reading AI Dungeon Cyberpunk 2
Gameplay

Analysis and Explanation
The player wanted to prime the AI to

> You write a line of code.

language associated with writing code..
Instead of going with the player command,

The second line in the program is "printf(\"Hello

the AI acted as if the player character had

world!\")". This line is a simple declaration: you are read the second line. While this is still an
saying that the function that is about to come is the impressive description, it is off point and
printf function, and that there is only one argument not as convincing for continuity with
to the function.

player actions.

The player wanted to introduce an error
and test if the AI would catch it. Declaring
> You change the code to read printf(Hello world!) the string Hello world! without quotes
and execute the program.

would cause a compile error.
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The third line in the program is "return 0". This line
is a simple declaration: you are saying that the
function that is about to come is the return function, Again, the AI acts as if the player
and that there are no arguments to the function.

character wanted to read the code.

You are now finished with the first line in the

This is a similar line to now you are

program.

learning C++

> You change the code to read printf(Hello world!) The player chose to redo the line to see if
and execute the program.

it could do better.

You type in the command and hit enter. The
computer beeps rapidly and complains that there is
an invalid argument.

Now the AI immediately catches the error.
Not only does it catch it, but it shares the
correct solution. Unfortunately, it added

You try again, changing the argument to read

the solution and did not give the player a

printf(\"Hello world!\") and execute the program.

chance to solve the problem on their own.
This is a cohesive explanation of a
resolved error and tells a neat sequence of
events about a programmer introducing an

The screen now displays the words "Hello world!"
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error, fixing it, and succeeding. It does not

explain the error or give the player a
chance to fix the error on their own and it
took two submissions, most likely the
second reply went to the more accurate
and expensive to use AI model of OpenAI
After a resubmission, the AI is capable of recognizing that the line I wrote introduced an error
and it creates a neat miniature narrative around my character running the code, seeing the error,
fixing it, and the rewarding result of seeing the program execute properly. From a pedagogical
viewpoint, there are still important features missing from the behaviour. There is no scaffolding
of information or apparent model of what the player knows and doesn’t know. There is no
attempt to ascertain whether the player has any mastery over computational thinking concepts,
and the AI does not recognize a need for creating gameplay, such as coding puzzles.
Most importantly, to get to these responses, a player must have enough awareness of
computational thinking and programming to elicit them. While AI Dungeon has an incredible
ability to create moments of dynamic storytelling around specific computational thinking
content, these missing features would be vital to any effort to create an interactive storytelling
game that teaches computational thinking. To AI Dungeon’s credit, its responses read far more
like a game built to teach computational thinking at an advanced level than one that was not.
From this analysis and critical play, it is clear that not only is there great potential for
neural net interactive storytelling games to teach computational thinking, AI Dungeon has that
potential. By customizing AI Dungeon a player could create a world that would already focus on
computational thinking. Through multiplayer inclusion of experts, accuracy of AI responses
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could become part of a dialogue about computational thinking. While building an interactive
storytelling game using neural nets from scratch for the purpose of playing with computational
thinking concepts would give designers and developers great freedom, hobbyists interested in
creating informal learning settings already have a possible platform with AI Dungeon.
GAMES THAT TEACH COMPUTATIONAL THINKING
There is no shortage of digital games that teach computational thinking, directly or
indirectly. Some that are not included here for the sake of scope include: Minecraft, Autonauts,
Scribblenauts, Robocode, Codinggame, Codecombat, Vim Adventures, TIS-100, Shenzhen I/O,
Human Resource Machine, Factorio, Dwarf Fortress, Rimworld, Screeps, SQL Murder Mystery,
Elevator Saga, Untrusted, Duskers, Flexbox Defense, CSS Diner, and CodinGame.
This section also does not cover a swath of tools and communities that are devoted to
teaching and practicing computational thinking and programming. Some prominent examples
that are excluded include: code kata, code.org, codewars.com, Free Code Camp, Code Conquest,
and Code Academy.
While the tools and games mentioned above have a great deal of value to students and for
analysis into the creation of new computational thinking tools and games, they did not
individually illustrate concepts necessary to this research, or the sessions of critical play
undergone in them did not yield sufficient insight to merit inclusion. What follows are examples
selected for illustration based either on excellent play data or unique features within their genre.
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CONSTRUCTION OPEN WORLD GAMES
The genre of construction open world games with player set goals has a thriving community of
players who enjoy creating models of computers and building and constructing automated
systems (Weintrop et al.). Many of the games have seen players create other games inside their
games using systems that may or may not have been built for the purpose of creating
computational machines (“Tutorials/Redstone Computers”; “Man Uses World’s Most Difficult
Computer Game to Create … A Working Turing Machine”). The simulation of an interactive
storytelling game might include open world construction play as a possibility for those players
motivated by exploration and creative expression. Many examples of these games stand out, but
one in particular illustrates the potential for layered systems and the value of text based
interfaces for learning computational thinking and programming.
Space Engineers
Space Engineers is a 3D construction based games that allows players to build spaceships
and other machines and vehicles using modular parts, including computers, which can be
programmed using the C# coding language (Space Engineers). Players do not have set goals, and
do not need to use C# in the game unless they want to engage with this system. The coding in the
game happens through programmable blocks that can be used to automate a variety of objects in
the game, from Air Vents to Laser Antennas (Programming Guide - Space Engineers Wiki) 1. As
the player built wiki, the game’s only manual, says programmable blocks can be used to,

1

https://www.spaceengineerswiki.com/Programming_Guide/Action_List
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“...make autonomous mining drones, long-range player-killing torpedoes, automated welding
arms for ship construction and much more” (Programming Guide - Space Engineers Wiki). The
much more is a vast space collaboratively made by limitations of player creativity and the
simulation of the game.
Construction based open world games are able to evoke free play, as they have all the
necessary components to do so. The players are self-directed to their chosen activity and learn
what they need to in order to create projects of their own design, or in collaboration with other
players. As a game that encourages learning, Space Engineers follow closely on the ideals of
John Dewey and Maria Montessori, though neither are mentioned as influences.
Given that such a game exists and is viable, what would an interactive storytelling game that
teaches computational thinking add to the field? What unmet needs of players and learners would
be met with this different genre of game?
While Space Engineers allows for experiential learning and free play with the
environment and objects around it, as well as free play with other players, it does not allow for
free play with semantic concepts surrounding computational thinking. It also does not allow the
player to participate in creating or adding to the world they play in, in the sense that they cannot
design and add their own objects or break a coding limitation. The data that the players are acting
with is static, even though it is broken into fine grains and can be moved and put into new
relationships with the old data. While the modular dramatic action of the game allows for
emergent storytelling and narrative construction afterward on the part of the player, the system
itself does not incorporate or adjust its world based on these player interpretations and so the
process of dynamic storytelling is not an interactive part of the experience, despite its narrative
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potential. The system does not collaborate in sustaining any imagined narrative or drama in the
game, but rather simulates the physical aspect of interaction within a static setting.
Construction games have long been an area for a great deal of important computational
thinking play, and programmable toys based on similar principles, Mindstorms, were created
partially to teach computational thinking in the hands on self chosen project method. Mindstorms
are a great source of further research, as are construction based free play games that teach
computational thinking, such as Kerbal Space Program, Minecraft, Autonauts, Factorio, Dwarf
Fortress, and Rimworld (Kerbal Space Program; Persson; Autonauts; Factorio; Adams and
Adams; Sylvester). They are invaluable resources for considering how to create a simulation for
experiential learning within an interactive storytelling game. Games coupling construction open
world features and interactive storytelling features would be more time intensive to create and
would require a method to tie together what happens in one simulation with another.
BRANCHING NARRATIVE GAMES THAT TEACH COMPUTATIONAL THINKING
Narrative has been shown as an effective subject to teach in conjunction with programming,
which is a key part of computational thinking. Computer science majors gain an appreciation for
how their discipline is related to other fields and their writing improves, while non-majors have
greater adherence to the course (Lansiquot, Satyanarayana, Cabo 1). Teaching computational
thinking alongside other subjects, such as composition, can improve students’ performance in
both subjects significantly (Lansiquot, Satyanarayana, Cabo 1), which makes computational
thinking a useful starting point. Narrative is an effective scaffolding tool for high-risk students
without a background in programming or other subjects related to computational thinking (Cabo
and Lansiquot 1) The application of an interactive storytelling games could personalize this
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scaffolding to a degree that is impossible in branching narrative games. One hypothesis is that
this is because writing and narrative have similar structures to sequential logic programming
(Lansiquot, Satyanarayana, Cabo 1). There are several games that use a branching narrative
structure and teach computational thinking. Analyzing them can give game design researchers
insight into how narrative structures connect with computational thinking and what sorts of
settings and story worlds have widespread appeal when dealing with this subject.
Hacknet
Hacknet is an indie game fro mac or PC, available on steam, is a text based adventure
game where players take on the role of a hacker trying to infiltrate a mysterious network of
black-hat programmers (Hacknet). The game teaches not only about Unix-like operating systems
and command line coding, which is the main method of text interaction, but also requires the use
of real command lines, and teaches concepts about networking. The game allows for a puzzlesolution strategy and uses the affordances of the keyboard well to immerse the player; however,
the only arguable moment of free play occur while the player is trying to think of solutions to the
puzzles and fails, as this is when they are experimenting with many possibilities and inputs. The
rest of the game has set narrative nodes and does allow the player to choose domains relevant or
related to the static content. The level of play with these concepts is advanced; however, the
learning is not flexible and the puzzles have a limited, if broad, range of solutions.
One key learning from an analysis of Hacknet is that graphics do not need to be a major
feature of a game and might even detract from a game about computational thinking, as the
interaction with command line becomes a primary focus not only through the action of the game,
but through the constant view and focus on it visually and stylistically.
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Many other narrative games that teach programming directly through text input exist and
have similar advanced concepts such as: Robocode, Codinggame, Codecombat, and Codewars.
Examining these games can give game design researchers insight not only into their narrative
choices, but into how narrative can scaffold and focus lessons on computational thinking, as well
as how to structure narrative based puzzle systems on programming.
While True: Learn()
While True: Learn() is an indie narrative game available on steam for with humorous
tones about learning to use machine learning from an advanced programmer: your cat
(Luden.io). Coding plays an important part in this game, but it is notably different from Hacknet
and other similar games in that its focus is on teaching a particular advanced and highly relevant
set of computational thinking concepts, specifically surrounding data science and machine
learning. Its visual style creates metaphors to explain these concepts and the parody in the
narrative not only serves to increase entertainment but to make the often intimidating ideas
surrounding machine learning more approachable, as they are often laughably simple in
execution in the game. Learning to use humor and visual methods to convey information and
metaphors illustrates how much more would be required to create interactive storytelling games
with advanced meaningful graphics.
OTHER COMPUTATIONAL THINKING GAMES
Many other games exist that teach computational thinking that fall outside the categories above.
A great deal of them focus on elementary computational thinking concepts or greatly limit the
input of their players so that there are limited game solutions.
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Rabbids Coding
Rabbids Coding computational thinking game is a new educational game from Ubisoft that
focuses on teaching programming through visual coding and character movement/action. The
game uses popular humorous bunny characters to tach sequential logic thinking in a manner that
many games have before. This game, like many other beginner coding games, focuses on
specific instruction and visual coding languages. Though many beginner coding games focus on
visual language, so do some professional tools such as the Unreal Engine, which has a robust
C++ visual coding system.
CONSTRUCTIVIST TOOLS FOR TEACHING COMPUTATIONAL THINKING
In what at first seems an odd coincidence, two prototypes of educational systems that use
interactive storytelling mechanics focus on teaching computational thinking. First, there is
Storytelling Alice, an interactive storytelling prototype built with constructivist views around the
concept of teaching programming through narrative. This system, which grew out of the
programming language Alice, eventually inspired work by the same designer and developer,
Caitlin Kelleher, who then created Looking Glass, another narrative-based learning program that
teaches computational thinking. This seeming coincidence is actually an important affordance of
the combination of narrative free play, and digital games. It is also intertwined with science
fiction and its portrayal of an ideal informal learning system, which will is the subject of the next
and penultimate chapter. The newest version of the Alice programming language, Alice 3,
incorporates and builds upon many of the principles that appear in Storytelling Alice, and
Looking Glass.
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Alice 3 is a powerful, accessible, free tool meant to teach computational thinking with a
great deal of research showing its efficacy (A Brief Architectural Overview of Alice, a Rapid
Prototyping System for Virtual Reality; Cooper et al.; Moskal et al.; Dann et al.). It uses visual
programming with code blocks to allow users to create narratives through programming and to
share their animations with others. While in many ways these games could be seen as
indistinguishable from interactive storytelling games, and could even be considered a type of
interactive storytelling game, they do not connect with simulations of settings or worlds beyond
what the player creates for them. Their hybrid use of programming languages development
environments along with animation puts them on a spectrum closer to toys and tools than to goal
oriented narrative games. It is also worth noting that the narrative play is not necessarily around
semantic concepts of computational thinking and that the player has to look outside the
interaction with the system, even if it is within help manuals or articles within the system in
order to learn semantic knowledge about computer systems. They are highly motivated to do this
because of their system but the system does not add to their understanding of these concepts
through game play.
An interactive storytelling game will have a model of the player and would need to
consider these sorts of games as powerful motivators for many players. The narrative could then
incorporate challenges around constructing self expression using programming, especially to
motivate players who are interested in communication, social interaction, and autonomy.
CONCLUSION
Through comparative analysis many principles of design for interactive storytelling games that
teach computational thinking can begin to answer many game design questions and point to areas
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for further research into existing games. Here is a chart summarizing the findings of the above
critical analysis detached from the specific games analyzed:
Table 9: Findings Summary
Titles Built to Flexibility of
Teach

Sequential Interactive
Storytelling Games
Neural Net Interactive
Storytelling Games
Open World Construction
Games
Branching Narrative
Based Games
Computational Thinking
Instructional Tools

Computational

Computational Thinking

Narrative

Thinking

Scaffolding

Subject

Free Play

No

No

Yes

Mixed

No

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

No

Yes

No

Yes

Yes

No

Yes

If game designers are using iteration centered design techniques, prototyping would likely be
underway during critical analysis. For emerging games and blue ocean ideas (blue ocean is an
industry term for games in an uncrowded field trying to do something novel) a key factor is their
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novelty, so any analysis meant to benefit the design must focus on the novel value the game
provides. In the case of interactive storytelling games that teach computational thinking there are
three key novel values that are discernable from the above analysis.

1) Free play with semantic learning tools for computational thinking. (Narrative games
offer semantic learning and construction games offer free play with experiential
learning.)

2) Dynamic content and mechanics that adapt to the player and allow for switching
between free play and rule based play and extrinsic and intrinsic goal structures.

3) A strong player model of both interests, motivations, and skills and the ability to create
a structured scaffolded plan for learning embedded in a rich dramatic structure. The
Player is in control and guided by the system and its content/context. Synthesizes
constructivist, game-based learning, and narrative-based learning.

The guidance found in analysis of related games gives a great deal of insight into the creation of
interactive storytelling games that teach computational thinking. With this analysis, a general
hypothesis of how to create such a game could be made and tested through iteration. This is the
course many modern professional game developers would take and what Tracy Fullterton
espouses in her Game Design Workshop (Fullerton 16). Through the normal process of iteration,
design changes, feature changes, and experimentation would reveal further insights into the
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shape of a particular game design with its specific goals. However, were teams to take the
additional step of considering science fiction formally in their design, not only would they save
possible weeks of testing and design, they would learn why the particular emerging genre of
interactive storytelling games, especially ones built to teach computational thinking in the time
period of this writing resist iterative development without game design research into science
fiction and other speculative thinking.
The key reasons are discoverable in the analysis of science fiction, although they also follow
logically from the following premises:
1) Interactive Storytelling Games involve dynamic content creation in a manner previously
unseen in game design which could design content for years of play with materials
created in the first year of development.
2) Players of these games may never complete them, or may take years to complete their
entire learning arc, requiring research into speculative design and imagining future
outcomes of these games.
3) Design choices of games that can be played for years in order to master a subject will
undoubtedly have a great impact on their users, as if they were mentors or extracurricular
activities, and so they require, even as informal learning tools, speculations about deep
rooted design issues, such as espoused values of the mentoring system.
A quick read of these reasons shows that they center on a key issue. The development of neural
network based interactive storytelling games may only take a relatively small investment of
development for years of play. For most developers, this would be an exciting attribute;
however, it is also a reason to adopt one of the chief skills and attributes of science fiction: far
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future speculative design. Designers not only need to learn to be programmers in order to be
procedural authors, as the creators of Façade argue (Mateas and Stern, “Writing Façade: A Case
Study in Procedural Authorship” 7) they also need to become skilled at thinking through
connections and possible future worlds their design creates (Hensman; Greenfield, chap.25). As
Dourish and Bell authors argue, this skill is a key part of understanding how science fiction
shapes technology and how technology shapes science fiction (Dourish and Bell 778). Mastering
it is a necessity for would be designers of interactive storytelling games because the smorgasbord
of features, and possible features in individual play, that a single play through of an interactive
storytelling game can produce dwarfs the features and interactions of most triple A games.
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CHAPTER 6
SCIENCE FICTION CODESIGNING INTERACTIVE STORYTELLING GAMES
Public schools around the world are shut down. The education of children is left largely
in the hands of parents. Tribal-driven geopolitics have taken hold and deadly consequences run
rampant across the political, economic, and personal worlds. Often violence erupts from
misinformation, fear, and xenophobia. The environment is degraded and more and more clever
ways of protecting humans from their own polluting influence are the only things keeping many
illnesses at bay.
This is not just a description of the world in 2020 during the COVID-19 pandemic. This
is also a description of the grim near-future setting in Neal Stephenson's The Diamond Age
(Stephenson, The Diamond Age). Though it was published in 1995, scholars still plumb its
depths for lessons on topics as diverse as Trickster figures (Robert W.Guyker, Jr.) tribal-driven
geopolitics (Longan and Oakes) and "unsolvable conundrums of corporate capitalism" (Huereca
152). Even educational researchers have used this book as an object of study for higher education
reading (Cleaves). Game designers need to follow suit and use methodologies that utilize science
fiction to understand and extrapolate on ideas depicted in the novel as The Young Lady’s
Illustrated Primer. In The Diamond Age this book, that teaches anything and focuses on
computational thinking, was created to save a rich man’s granddaughter from an unexamined
life, copied illegally by its designer and engineer for his daughter, and again stolen by a young
delinquint who gave it to his sister, who in turn used it to escape poverty, ignorance, and sexual
abuse. Finally, the engineer and designer of the book, Hackworth, was blackmailed into creating
copies of it in order to educate thousands of refuge little girls in China.
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The vision of this book not only drove the characters in the novel to pursue it, to commit
serious crimes for it, and to devote energy to in the manner usually described as life-long quests
or vocations, but it inspired real cultural artifacts like the Kindle(Kozlowski), and Ethopian
educational readers (Ethiopian Children Learn From Diamond Age Primers: Science Fiction in
the News). Finally, the ereader he inspired appears in his science fictional world of Reamde,
where he writes both of how an ereader kept a character from feeling lonely, and the flaw that it
was useless to a passenger in a dark car because it couldn’t be seen in the dark (Stephenson,
Reamde 80). Stephenson inspired the kindle, and other e-readers with The Diamond Age, was
inspired to use them in his near future science about a real world consequences from an
MMORPG, and in turn made a critique of e-readers that may have inspired back lit capable
designs. This process is exactly the co-evolutionary spiral that information architect and writer
Adam Greenfeld discusses in his book Everyware (Greenfield, chap.25). As he writes,
Time and again, the stories we've told in the movies and the pages of novels have gone
on to shape the course of real-world invention. These, in their turn, serve as seed-stock
for ever more elaborate imaginings, and the cycle continues. (Ibid)
Reamde and The Diamond Age and the surrounding phenomena are proof not only that this
process occurs, but that games and game design are tightly woven into the same co-evolutionary
fabric of science fiction and technology. The Diamond Age is clearly inspired by text based
games, virtual reality, and educational games, and includes several depictions of video game play
as well as a blending of theatre and gaming that might as well have come straight out of Brenda
Laurel’s Computers as Theatre. Reamde’s entire plot revolves around an MMORPG creator who
is blackmailed by players of his own game using ransomware. While ubiquitous computing has
adopted formal science fiction methods such as science fiction prototyping, game design and
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game design research still use science fiction informally; however, circumstances similar to what
brought about formal science fiction methodology in ubiquitous computing are present in the
genre of interactive storytelling games.
The need for science fiction as a methodology in interactive storytelling games is
analogous to the need for science fiction prototyping in the development of chipsets at intel,
where the idea for science fiction prototyping began with Briand David Johnson (Hensman 1).
Because the lead time from first design to volume manufacture of major chipsets is so long,
typically 7 to 10 years,” and because they needed a method to predict a range of futures Intel
adopted Brian David Johnson’s science fiction prototyping methodology (Ibid). Brian David
Johnson defines science fiction prototypes as , “short stories, movies and comics that are created
based on real science and technology” which he says is not a new idea, but that science fiction
prototypes “use these fictional creations explicitly as a step or input in the development process”
(Johnson v) Game design research needs this methodology in order to be able to effectively
design the complex games of the future, such as that depicted by Neal Stephenson’s The
Diamond Age. These games have so many procedural elements necessary to their creation that
the lessons from handcrafted games must be applied with incredible intention if any of their
prototypes are ever to move beyond a testing phase. Game design challenges that would
normally be possible through iteration, would now take longer than a lifetime to playtest without
formal tools aiding in the process, and research effectively pointing toward the first possibility
spaces to explore. Game design research can and should formalize processes that many
institutions concerned with intentional future making have long practiced: using science fictional
inspirations in their creations. This chapter extends Marie-Laure Ryan’s science fiction analysis
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in order to show how science fiction criticism can become a formal part of science fiction
prototyping as well as establishing a formal practice of reading science fiction and science fiction
criticism alongside game design.
The design researchers, Dourish and Bell, wrote an article that argues for the analysis of
science fiction as part of the field of ubiquitous computing. The main argument of their paper
rests on the premise that ubiquitous computing is unique because it involves designing, not just
for improved algorithms or computational tools but for the "...reconfiguration of the relationship
between people and their everyday lives, based on responsive environments and embedded
computation: a form of collective imagining" (Dourish and Bell 769). Another main reason
interactive storytelling games, especially ones that teach computational thinking, need formal
science fiction based methodologies is that these games are part of embedded computing, as are
many of the games that inspire them. Games of this magnitude and interactivity become a
classroom and a place where information is stored and interacted with dramatically. They are a
collective imagining, both with the designer and developers and the player and with any other
players who help dynamically create the dramatic experience. As Bostan and Marsh describe,
“interactive storytelling is more oriented towards a responsive, simultaneous and continuous
message exchange which is based on player choices, preferences or playstyle. (Bostan and
Marsh). The responsiveness noted means that they will integrate into daily activities. AI
Dungeon is already a mobile or PC game. If one looks at science fiction, then one can see that
when these games advance further they may even respond to environmental as well as player
cues, according to player preferences. Unsurprisingly, the Primer from Neal Stephenson’s The
Diamond Age is an example of such an integrated interactive storytelling game. Not only does
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the book’s story evolve around what happens to Nell without her explicitly explaining it, it also
shifts its learning goals to meet needs that become apparent from her environment, as when she
learns karate to protect herself from her mother’s abusive boyfriend (Stephenson, The Diamond
Age 180–82). Like many other games, interactive storytelling games will be played on phones,
tablets, and other portable devices that are embedded in the students' everyday lives. As
imagined by Neal Stephenson, they can include contextual recognition of the student’s situation
to integrate into their student model and understand the student motivations and needs.
From science fiction and critical analysis of computational thinking free play tools, the
potential educational contact with many students would be equivalent to an entire subject area
throughout the years of their schooling, and the game itself would likely take on a form, or
multiple forms, embedded throughout everyday objects of the student’s life. Educational
interactive storytelling games are a form of embedded computation, and so designing for them is
a manifestation of that particular brand of collective imagining in design which Dourish and Bell
say requires the use of science fiction. The Kindle is a ubiquitous computing device just as the
Primer. In the 90s, Stephenson imagined a ubiquitous computing device that uses an exemplary
interactive storytelling game to teach computational thinking. A designer who wrote a science
fiction prototype for an interactive storytelling game without reading about the Primer would risk
missing important design considerations and inspirations. Through an analysis of The Diamond
Age work and science fiction criticism surrounding it, this chapter argues for two science fiction
based methodologies: reading science fiction and science fiction criticism as part of the
development process and creating science fiction prototypes informed by that reading.
Furthermore it seeks to create a synthesis that shows why designing interactive storytelling
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games that teach computational thinking is a vital issue that demands immediate attention from
game design researchers and game designers.
SCIENCE FICTION PREDICTS GAME DESIGNS
The imagined worlds, games, and inventions of science fiction can offer inspiration,
guidance, and warnings when taken as case studies in design. Science fiction performs the
visualization of prototypes for future technological environments,” (Dourish and Bell 769).
Through this process science fiction enacts and exemplifies the skill of predicting the
consequences and trajectories of technologies and their connections to human culture. This
process happens even as it also raises expectations for technology that are then often
disappointed (Dourish and Bell 769 - 770). These expectations are often far more inflated by
science fiction than technology could immediately gratify; however, it often also happens that
the failures to meet expectations are either failures of imagination or understanding in design.
These failures often mix problems with technological capability and failure to imagine other
cultures or user experiences. In the examples Dourish and Bell point out, “...voice recognition
does not distinguish between accents; video-conferencing is not picture perfect; and most sensing
technology is hardly seamless” (Dourish and Bell 770). Another factor to consider is what
science fiction is chosen as many writers include such technological failures both to critique
utopian ideas of technology and to enhance realism in their writing.
The more detailed the science fiction, the more direct its influence may be, especially on
emerging genres of games whose features are only just beginning to take shape. As Ubiquitous
Computing Researcher Adam Greenfield writes, advances in technology and science inspire
science fiction and science fiction in turn inspires technological innovation. These phenomena
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are “locked in a co-evolutionary spiral” (Greenfield, chap.25). While this dissertation is
concerned primarily with how science fiction can guide designers to more thoughtful games with
better societal consequences, it is equally important to note that interactive storytelling games
will continue to influence science fiction and that influence will again seed more technological
change. The Primer from The Diamond Age is clearly influenced by games and even mentions
the famous educational game heroine Carmen Sandiego (Stephenson, The Diamond Age 122).
When designers can acknowledge and formally accept their influence from science fiction, their
communities can start to progress toward a better understanding of how science fiction fits into
the nexus of their design. When they analyze science fiction and build upon the designs in it,
they can start to invent games that go beyond what science fiction imagines. They can work
within their limitations to generate results that even speculative fiction authors might never have
dreamed possible.
For interactive storytelling games in particular, science fiction holds a vital place in their
design. The link between the imaginations of the design community in interactive storytelling
games and science fiction is evident in the language and analogies used by the community to
describe and specify their emerging vision. From Murray's use of the Holodeck in the title of her
pivotal work, to Marie-Laure Ryan’s extensive writing on The Diamond Age, the influence of
science fiction on the field of interactive storytelling is undeniable and ubiquitous. Aside from
the influence, designers need to either imagine how these games will work from scratch, or they
need to research those features and how they have been imagined previously in science fiction.
Science fiction offers guidance in understanding how to design for this emerging genre of games
and even how to use the affordances of this genre to teach computational thinking.
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From Anne Balsamo’s article “IPhone, I Learn,” readers can find a glimpse at the kind of
integrated analysis design researchers can formally incorporate from The Diamond Age. She
analyzes “The Young Lady’s Illustrated Primer,” while writing about how modern smartphones,
especially the IPhone are the “techno-embodiment of the perfect mother” (Balsamo 253). After
noting that his “prescience...makes him one of the most fascinating twenty-first-century science
fiction authors,” Balsamo explains the Primer by writing that it is “a piece of advanced
nanotechnology that uses interactive paper to create a book with special properties: through a
process of imprinting, the book bonds with its owner/reader to serve her as a lifelong,
individually attuned learning portal” (Balsamo 253 - 254). Imprinting includes the AI of the
book discovering everything it can about its owner and individualizing its content to that owner
to a high degree. The personalization of this AI is not only catered shallowly to interests but uses
environmental cues to predict the goals the owner needs. In order for the owner to achieve a
computational thinking lesson, they must be safe, sheltered, and able to read, so the Primer is
able to teach skills that lead to all of these needs being met, and for this reason, Balsamo argues
that it also explores the idealized techno-mother. Learning is the main nurturing path that the
Primer follows and Balsamo goes on to write that:
The Diamond Age, is an evocative fable about learning in a digital age. The Primer
encompasses key features we yearn for in new learning devices: network access,
configurable data delivery, customizable information aggregation, imaginative expansion
capacity (that grows along with the user), and a recommender system to connect the user
with other people (known or not) who have something to teach. (255)
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These features are not primarily attributable to interactive paper, though that futuristic tech 2
further embeds the Primer into its various owners' lives. Rather, these properties are attributable
to the flexible interactive storytelling experience that fills the Primer’s pages everytime one of its
owners seeks its nurturing lessons.
While science fiction has already had an impact on the design and vision of the field of
interactive storytelling, can its analysis be formally adopted to specific game designs? Can close
reading like that Anne Balsamo engaged in become part of the iterative game design cycle? This
depends greatly on the specific game in question, but any interactive storytelling game will
encounter expectations from the player that come from their experience and awareness of that
genre from science fiction. Those who want to play interactive storytelling games probably have
had that desire inspired by the holodeck, or at least the promise of technologies that reference it.
AI Dungeon does not pose itself as a holodeck and neither does Façade. The creators of Façade,
Michael Mateas and Andrew Stern, are definitely aware of that vision as part of the nexus of
expectations that their players bring to the experience (Mateas and Stern 1-2). Reading either
game’s explanations of their work often sounds like a defense for the lack of holodeck features
and difficulty in creating their game as they envisioned it, which succeeded in the field in a way
that no previous game had. This is noticeable especially in the section on Agency where they
write that it took three years to create “only,” 27 beats and that this created “...far lower global
agency than we initially hoped for” (Mateas and Stern 23). The authors felt that they did not take
full advantage of the power of the drama manager’s capabilities and they qualify that Façade

2

More accurately, near future, as this Gizmodo article describes: https://gizmodo.com/engineers-have-figured-outhow-to-make-interactive-pape-1844918464
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does not generate sentences, only sequences(Mateas and Stern 23). The creators would not have
had to defend their lack of procedural content, or would not have started with a higher
expectation of global agency, without that expectation in the field and the field would not have
had that expectation without science fiction examples to inspire it.
Nick Walton has created AI Dungeon, which overcomes the challenge of dynamic
content creation through the use of neural nets, and thus achieves global agency near that of
science fiction. Chris Crawford criticized this solution for its lack of control over content;
however, in reading Walton's interviews, he does not have the same apologetic tone for a lack of
features that the creators of Façade did. He also did not spend nearly the same amount of time on
visual features that Façade did, perhaps because he was unaware of the expectation that many of
the field had for those features to be coupled with content creation, or perhaps because he created
his game originally as part of a game jam and a text based adventure had a much more
manageable scope. AI Dungeon focused on agency and procedurality, and using the new pattern
based architecture it was able to achieve far more than Façade on those fronts in a fraction of the
time.
PLAYING AN UNTELEVISED REVOLUTION
What Walton leveraged that Façade did not for its content creation was computational
speed. While the Façade system is incredibly flexible and can string together many permutations
of story beats, the story beats are fixed content, static data as Chris Crawford would call them
(Crawford, Chris Crawford on Interactive Storytelling 156), and the responses of each of the
characters are written as lines in a play. This lends authorial control to the voices and
dramatically increases the time for creation. Writing the script portion of Façade took three
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years; Walton created the basic structure for his game in a weekend and has been improving it
since its creation in 2018. However, the data set that he uses without compensation to its writers
has been continuously edited for more than a decade (Salter; Help & Info > About Us >
ChooseYourStory.Com). His contribution to the content is a set of procedures for changing user
input into text for the story that the neural nets can use for their analysis of the most likely next
words, but the actual content is based on the probability that a particular neural net learned for
the next word. Those probabilities come from his dataset, in other words, from the creative work
of the writers on chooseyourstory.com.
This method has been used with a fair amount of success to mimic authorial style from
authors with large corpuses of work, such as Shakespeare and JK Rowling (The Unreasonable
Effectiveness of Recurrent Neural Networks). The same basic technology has been used to create
internet Deep Fakes, which are used in popular culture often to create images of people, usually
celebrities, saying and doing things they did not actually say or do. This technology has a
terrifying side to it which has been extensively written about (Bailenson and Hancock; Chesney
and Citron; “Breaking News Radiolab”). For interactive storytelling games this tech will be used
for creating dynamic content from text, to illustrations, to sound and beyond. If AI Dungeon
could seamlessly tie these technologies together, the game could become a collaborative movie
writing/watching experience between an AI and a player/interactor.
How does the incredible speed of computation create new learning affordances for the
design of interactive storytelling games, especially with regard to how they teach computational
thinking? The speed allows for computer to generate an amount of content for a single user that a
community would need years to create. It allows for a coherence with underlying simulations
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and facts that would take years of research to refine. And both of these vital parts of the
experience can happen in seconds and adjust to changes in content or the simulation in even less
time, making the systems flexible to new content and to a constantly updating model of the
player's understanding of the content. In other words, these affordances allow for creating
teaching content at superhuman speeds. And since all of the interaction in these games is
currently limited to interaction with a computer and a computer interface, the affordances for
teaching computational thinking are tangible and immediately apparent.
The speed with which content can be created is the cornerstone of the digital interactive
storytelling game. Whether that content can be tied to scaffolded lessons and simulations is an
open development question. The most difficult aspect concerns the limitations on the
possibilities of explainable AI. Denning and Tedre question whether explainable AI could ever
be achieved and point out that though many organizations, especially military ones, are funding
research toward it, explainable AI has yet to be achieved (Peter J Denning and Tedre 77). The
main obstacle is that neural nets, which are modeled on the structure of neurons, are as
explainable in their decisions as the body system they model after (Ibid). The same pattern
recognizing parts of our mind that develop based on pattern recognition and reward and
punishment rules are as mysterious to us as the operation of neural nets. One can examine the
weights, and the training data, and see how patterns become recognizable, but seeing the cause of
a pattern does not yield the explanation of any underlying non-subjective truth, if there is one at
the bottom of the behavior.
So content generated by neural nets will most likely always have a certain lack of control
in its generation. Anomalies are possible and in large enough use cases they are most likely
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unavoidable without strict rules about what output is allowed. The content must be guided by
design and computational thinking, which is one reason that using the first interactive
storytelling games to teach computational thinking could be an important step not only in
advancing the field, but in advancing the understanding of designers who play and want to build
this genre of games.
Designers, writers, and creators of interactive storytelling games are procedural authors.
As Mateas and Stern, the creators of Façade write:
As the granularity of the atomic pieces of story content (e.g., dialogue, emotion and
gestural expression) becomes very small, and the procedures to sequence and combine
them into a coherent narrative performance become primary to the realization of the
experience for the player, the author’s activity shifts from that of a writer of prose into a
writer of procedures; that is, into becoming a programmer. (7)
In Façade the writers actually controlled every line of dialogue that could be spoken by the npcs,
but not the exact order or context they would be spoken in. Instead they plotted the conditions
under which those pieces were allowed to be spoken. This kind of statistical direction is the only
kind available to the procedural writer who utilizes neural networks. Through data set selection,
weight tinkering, and programming in word lists for high use or no use and focal point texts,
these authors create the possibility space of the player. These are the narrative primitives that
process-driven creators will be using and which Janet Murray wrote about (Murray, Hamlet on
the Holodeck 190–91)
The speed of computer technology means that the rules of the simulations and bounds of
content creation will be vital for the design and development of educational interactive
storytelling games. So how does science fiction give guidance to the creation of interactive
storytelling games that teach computational thinking?
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SCIENCE FICTION GUIDES GAME DESIGN
Having built up what design principles and analyzed modern heuristics about the design
of interactive storytelling games to teach computational thinking, ‘‘’Resistance is Futile’:
Reading Science Fiction Alongside Ubiquitous Computing.” Bell and Dourish write that
What we have attempted to demonstrate here is that by reading the ubiquitous computing
literature against science fiction literature, and by examining these two different yet
related ways of conceiving of the relationship between science and society, we can cast
light upon the contexts in which technology is deployed and the narratives that motivate
specific sorts of designs—narratives of progress, individualism, surveillance, etc.
Reading the research literature as in some ways ‘‘fictive’’ is not intended to denigrate or
dismiss it; rather, we want to draw attention to the ways in which both science fiction and
the research literature are founded upon acts of collective imagination and that any
imagination of a possible future is grounded in expectations, frustrations, and
understandings of the present. (778)
Designers and researchers interested in interactive storytelling games must do a similar
simultaneous process of close reading of game design research and science fiction. One method
of doing this is to analyze science fiction as game design primary source documents in order to
show a parallel technique for analysis. This is in the spirit of what game design researchers Paul
Coulton and Alan Hook call for in their writing on game design research, (Coulton and Hook
98).
For those interested in designing interactive storytelling games to teach computational
thinking, The primary science fiction to engage with is Neal Stephenson’s Primer depicted in
The Diamond Age. The Primer is an interactive book that tells a set story from beginning to end
in an anfractuous, or ever expanding way. It is an interactive storytelling game which teaches
computational thinking in an informal setting. While the details of the vision also include many
technological specifications, such as the ability to electrically shock those who would use it
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without permission, not all of these features are necessary to design a modern interactive
storytelling game for teaching computational thinking. This aspect of analyzing science fiction
will aid designers and researchers from sticking dogmatically to any feature depicted and thus
creating a purely derivative experience. The text interaction and its specific focus on teaching
computational thinking, not just programming, is exactly the vision that warrants analysis both to
understand the potential of interactive storytelling for this purpose, and to critique that vision in
order to inform important game design knowledge.
Fortunately, many major scholars have already begun this work and I have only to extend
it using the methods I describe above, to illustrate my specific points about the Primer and
learning computational thinking through interactive storytelling systems.
With the aforementioned methods, close reading, and support from science fiction
criticism, this argument will extend Marie-Laure Ryan’s thesis that the fictional educational tool
the Primer, as created by Neal Stephenson in his seminal novel The Diamond Age, is the ideal
adaptive and immersive storytelling system, by arguing that the Primer also represents the ideal
vision of interactive storytelling systems teaching computational thinking under the collective
imagination that it emerges from. Additionally, this chapter will consider and critique The
Primer from the standpoint of current educational research and in light of its potential influence
on digital interactive narrative systems, as Stephenson himself hoped designers and developers
would. (Stephenson “Innovation Starvation,” 13). Furthermore, the chapter will trace the
influences and overlaps of the Primer in the case studies examined in previous chapters. Finally,
the chapter will end with a critique of the shared vision that it illustrates by focusing on the lack
of social learning depicted in the Primer, on the emphasis of the individual learning over the
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learning community, and in the lack of examination from these perspectives on the conversant
designs of interactive storytelling games.
SCIENCE FICTION CRITICISM INFORMS DESIGN
Reading Diamond Age alone would inspire and guide design of interactive storytelling
games that teach computational thinking. Analysis of the world, especially collaborative design
analysis, would build upon that inspiration and guided design. Reading science fiction criticism
of that work could move that design into the realm of intentional future making. Ultimately, it
would likely lead to relying less on more stuff, and more on people, as John Thackara prescribes
in his book In the Bubble: Designing in a Complex World (Thackara). An essential science
fiction criticism author for Diamond Age and any design guided by the Primer would reference
Marie-Laure Ryan throughout the process. She chose the Primer as her example of the ideal
immersive and adaptive storytelling system in science fiction (Narrative as VR 20). Her analysis
is key to understanding how to design systems that uphold the vision that she describes, as well
as for understanding how the themes of Diamond Age relate to the design of the Primer depicted
in it.
Other science fiction scholars can give context to Marie-Laure Ryan’s insights. In
support of the expansion of methods and methodology and to understand how to use MarieLaure Ryan’s work, this chapter engages with Seo-Young Chu’s argument in Do Metaphors
Dream of Literal Sleep? where she argues that the lyric and narrative form of science fiction
makes it both figurative. Her thoughts and examples expand the possibilities for methodology
and the depiction of technology in The Diamond Age as both figurative and literal. Graham
Murphy and Sheryll Vint’s edited collection, Beyond Cyberpunk, helps place the work that
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Marie-Laure Ryan analyzes, Diamond Age, in context as it grew from cyberpunk, steampunk,
and nanopunk roots. Her work contextualizes the differences between Diamond Age and those
science fiction works it inherits from. Ralph Miranda Huereca describes how The Diamond Age
moved beyond many of the tropes of cyberpunk and helped define post-cyberpunk. Darko Suvin
in Metamorphoses of Science Fiction shows how the mirror of science fiction "..is not only a
reflecting one, it is also a transforming one," (25). One of the major arguments in this work is
that science fiction is the literature of estrangement, and the relationship it traces to earlier works
on utopia and of satire helps situate Diamond Age and the science fictional setting and writing in
it, especially its own homage to Dickensian literature.
With the foundation of Darko Suvin's understanding of the placement of science fiction,
this chapter’s research turns to Istvan Csicsery-Ronay Jr.’s concept of mutopia as an
indeterminate grey area between dystopia and utopia, which helps to contextualize the extension
of Marie-Laure Ryan’s argument through both a critique of the interactive storytelling system
and holding it up as an ideal for comparison. This informs game design choices and helps
establish a connection between science fiction, informal learning research, and game design
research.
In addition, several other critics help place The Diamond Age and the conversation within
a larger science fiction criticism context. For instance, Jo Walton's What Makes This Book So
Great, not only discusses another of Stephenson’s novels, Anathem, but adds useful commentary
to the importance of setting in science fiction. Adam Roberts Science Fiction will guide the
discussion of terminology and historical context. Anne Balsamo’s “Moving Data: The iPhone
and the Future of Media,” illustrates a mapping of Stephenson’s Primer onto current technology,
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and is in conversation with the previous chapter’s explorations into the importance of diegetic
feedback. Samuel Delaney’s multiple works on the language of science fiction assist an analysis
of the descriptions of technology in The Diamond Age and his essay "Racism and Science
Fiction,'' is important for analyzing the treatment of phyles in Diamond Age, which designers
should not disregard as a setting feature, but should rather consider what design choices in the
Primer are influenced by that part of the setting, contribute to it, and cocreate it. The Futurians
Damon Knight helps put Stephenson’s own essay about the golden age of science fiction in
context. Insights from Biomedia by Eugene Thacker gives further understanding of the
nanotechnology in Diamond Age. Raymond Williams’ analysis of culture and society and the
origins of those words inform an analysis of the many phyles in Diamond Age. Frederic
Jameson’s work tying together history and narrative helps with the analysis of the context and
inheritances of the depictions of phyles.
In addition to specific extensions of Marie-Laure Ryan’s argument and the groundings
works in science fiction, several important essays also inform an analysis of Diamond Age. The
importance of teaching criticism and subversion, and also informal learning practices, can
emerge from an analysis of Robert W.Guyker, Jr.’s essay, “Trickster(s) of Neil Stephenson’s The
Diamond Age.” As there is so much literature and terrain to cover not only in science fiction
criticism in general, but in direct conversation with Neal Stephenson’s The Diamond Age, and
Marie-Laure Ryan’s argument about it, only works that serve to further the understanding of how
game design research can incorporate science fiction and science fiction criticism into the game
design process more formally, and for that reason, with works that relate to specific design
choices surrounding the central question of how to design interactive storytelling games that
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teach computational thinking in informal settings. This analysis and parallel close reading allows
for a more reflective design process which is less beholden to technological determinism and
assumptions that come from not examining the co-creating science fiction surrounding game
design technologies.
The contribution of this dissertation is an expansion and elaboration on the ongoing
conversations about how to approach game design research for and about game design. By
choosing a specific wicked design problem for an emerging genre of game that has complex
cultural, social, and technological intersections, this dissertation illustrates the need for game
design research and calls others to join the conversation about the design of these specific games
or similar emergent experiences. Through this analysis and exploration of possibility space and
design choices, a clear path for further research through, about, and for game design emerges.
Along with teaching computational thinking as a transformational technology, the Primer also
explicitly teaches the player to transgress the expectations of their society and to think beyond
the possibilities directly given to them. This would be nearly impossible in a branching narrative,
which is training players through experience to recognize only a series of premade thoughts to
choose from in their responses.
READING SCIENCE FICTION FOR DESIGN
A game that has all the narrative prebuilt, could also never adapt to a player’s environment.
When Nell and her brother run away from home, they spend the night on a beach with many
would be kidnappers, some of whom approach her, but the book is aware of her surroundings
and quickly picks up on her need to know not to go with these strangers (Stephenson, The
Diamond Age 225–27). Not only does the Primer recognize that its player has new more
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important needs that seem to loosely correspond to Maslow’s hierarchy, but it is able to use
context clues from the environment as extra input to change the learning goal of the story on the
fly. Examining how this might be accomplished would have seemed impossible only a decade
ago, but now with more important natural language processing systems and sensors being made
for self-driving cars, science fiction prototyping might lead to clever designs that would allow
for such a feature, or a much simpler one where to user was able to manipulate their learning
goals manually. For science fiction guided design, the first and most vital step is to engage with
the primary documents. As a case study of this process, Neal Stephenson’s Diamond Age
provides an important guide for designers of interactive storytelling games, especially those for
learning, and those concerned with teaching computational thinking.
The Primer, as described in this novel, is a nanotechnology and AI-driven book that
bonds to and adapts to teach its owner as a bespoke tutor. The lessons it presents come in the
form of personalized narrative games with game-like elements and powerful simulations that the
reader can play with as they progress along their own story. Their story mimicks and adds a grim
fantasy layer to their current situations and the novel most closely follows the player story of
Nell, an abused little girl who manages to use the lessons of the Primer to find an escape from
her harsh conditions and ultimately work toward self-actualization. Along with other
personalized lessons, the Primer takes her through years of learning about computational
thinking, until she is able to innovate a transformational technology that not only rescues her, but
transforms her society. In this way, Neal Stephenson imagines and dramatizes the transformation
power of learning and the possibilities of interactive storytelling games as learning tools. He also
recognizes the vital role of computational thinking in near future societies and its
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transformational power as a subject. Several features of the Primer are emphasized in Diamond
Age as both key for understanding computational thinking and for giving transformational
learning to a student. The first and most emphasized is the lesson of transgression.
INCULCATING SUBVERSION WITH DARK FAIRY TALES
The Primer’s backer, and it’s initial designer, Lord Finkle - McGraw, wanted to instill subversive
values in the users, and in fact, this is the primary reason that Lord Finkle - McGraw, wants to
create the Primer. As he says to Hackworth in their first meeting, “...in order to raise a generation
of children who can reach their full potential, we must find a way to make their lives
interesting,” (Stephenson 24). He goes on to say that the schools of their culture fail to do this,
and that he plans to make sure that his granddaughter does not suffer the same fate, (Stephenson
24). He has watched a generation of those who came into his society to follow values he espouse
fail to move beyond them when necessary and fail to ensure the survival of his cultural group, or
as the book calls them, his phyle.
As Marie Laure-Ryan writes about the Vicky (Neo-Victorian) leader Lord Finkle McGraw, “Realizing that Vicky society is not a perfect world but only the best equipped for
survival among current cultures, McGraw hopes that the Primer will prevent his granddaughter
from passively accepting neo-Victorian values, and that it will instill in her the subversive
spirit necessary to help mankind evolve toward higher forms of intelligence (Ryan 334)”
McGraw ultimately fails to instill meaningful subversiveness in his granddaughter, who rebels
by simply joining an opposing phyle; however, he does succeed in instilling it in the formerly
staid engineer, John Hackworth, whom he hired to lead the design and creation of the Primer. As

217

Ryan writes, “When Hackworth is done with the project, he sneaks out of New Atlantis into
Chinese territory to make an illegal copy for his own daughter, Fiona...” (ryan 334). This exact
copy does not make it to Fiona, but rather is stolen by Harv, brother of Nell who has been
previously introduced as a primary protagonist. The theme of subversion having transformational
effects is thus seeded, and Hackworth goes on his own transformational journey of transgression,
which ends with him inventing a transformational technology in coordination with an older Nell,
whom he unwittingly taught computational thinking through the Primer. Nell herself is rescued
and able to join Hackworth through a much earlier subversion by Dr. X, who helps Hackworth to
copy the original Primer, and “...who intercepts the code and mass-produces slightly inferior
copies. These copies are destined for thousands of Chinese baby girls who are being sneaked out
of the Coastal Republic, where their lives are threatened
by cultural attitudes toward female children (ryan 334). They become the mouse army and fuse
new Chinese ideologies with ancient ones, leading a rebellion started to save their heroine,
Princess Nell. And all of this subversion is ultimately rooted in the clear theme of the
transformational power of education, which motivated Lord Finkle - McGraw, Hackworth, Harv
(who wanted to educate and protect his sister), the judge who sentences Harv, but does not
require the return of the book from Nell, and Dr. X who in coordination with the same judge
assures the education and housing of the thousands of orphans. The story of the orphans
illustrates how education as contrasted with Harv and parallels Nell’s own story, shows how rich
inculcating a desire for learning can render a human life, and how sparse and tragically flat the
willfully ignorant life can be.
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Designers who read science fiction to improve their designs will also find themselves inspired by
the themes and purposes that their works imbue their stories with, and may find that the profit
motive that is so often primary in industry takes a second seat to other more worthy goals.
Stephenson’s own work seems full of design choices guided by research and understanding of
how games and education mingle.
Not long after, Lord Finkle - McGraw uses a fairy tale by Coleridge (82) about a vengeful raven
to give Hackworth the design goal of using dark fairy tales to instill the attitude that he hopes his
granddaughter will have. As he writes at the end of the letter with the poem,
Coleridge wrote it in reaction to the tone of contemporary children's literature, which was
didactic, much like the stuff they feed to our children in the “best” schools. As you can
see, his concept of a children's poem is refreshingly nihilistic. Perhaps this sort of
material might help to inculcate the sought-after qualities. (83)
They then design the Primer to use dark fairy tales for this purpose. Educational games
researchers at the MIT education arcade agree that dark fairy tales do well for students. They
write, “Games aimed earnestly at kids tend to fall into one of two traps in the way they address
their audience: they are either flattering or patronizing,” (Klopfer et al. 40). By allowing for a
mixed identity for the player character and for their situation and circumstances, children do not
get bored and have more to identify with. And the identity that is already closer to their own
allows students to feel closer to the fictional character they play, or read about in Nell’s case.
James Paul Gee writes that this process of gaining new semiotic domains for one's identity is
eased when the identities that the player uses have more in common with the identity the player
already believes they have outside of the game (Gee 59-60).
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Learning to transgress is also important for innovating in computational thinking. Many of the
most difficult problems in computational thinking require new approaches and new insights that
demand diverse perspectives. Denning and Tedre quote a software heuristic “...the structure of
the software winds up resembling the organization that built it” (52). Without diverse teams and
perspectives, software would fail to account for many edge cases. Researchers published in
Scientific American point to numerous studies that show diversity helps in innovation (Phillips).
One reason is that groups with diverse backgrounds and perspectives do not adhere to the same
norms and so are able to overcome the limitations of their own perspectives in collaboration with
one another.
Science fiction criticism also offers insight into how and why dark fantasy, which does not
patronize the learner, can be an effective pedagogical too. When Marie-Laure Ryan writes about
Nell and the other users of the Primer, she notes the powerful and enduring effect of fantasy. She
writes, ““Their parallel life stories, developed in alternating episodes, thus demonstrate the
enduring educational value of fantasy and...the nurturing effect of oral Storytelling.” (MarieLaure Ryan, 336). The fantasy creates a meaningful journey for each player of the Primer and
puts them at the center of their own story. It also creates metaphors around the major struggles of
their life and through those metaphors connects the problems of the larger world to their story,
including the problems of culture and technology. The nurturing effect which Ryan mentions is
also vital.
Peter Gray, the evolutionary psychologist, also writes about how hunter-gatherer groups
have oral storytelling as one of two major educational methods and play areas for their groups
(Gray, Free to Learn 30). The method of storytelling and the specific mechanics of it mirror that
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of the Primer. One storyteller tells many stories, often more than once, and members of the
audience can probe and ask questions, allowing for the story, and their understanding of its
details, to expand. When Stephenson describes the Primer’s similar quality he calls it
anfractuous, or ever expanding in detail though it has a fixed beginning and ending (Stephenson,
The Diamond Age 343). This structure is one that designers and developers would also note
would make the transition from node and branch based storytelling to interactive storytelling
simpler. Having a fixed start and ending to a story means that the content would always have a
coherency that it needed to comply with, making certain generated content less likely than others
or forbidden entirely. Fairy tales often have known or predictable structures that would
disappoint the audience if they were missing, so there is another argument for starting with
games with fairy tale style narratives.
Another aspect of the Primer that mimics what Gray found in hunter-gatherer groups is
that the audience is not held to listen in either case. In the hunter gatherer groups that Gray
studied, he and other anthropologists found that audience members could listen or leave as they
wished and that different members of the audience paid varying degrees of attention as they
wished. In interacting with the Primer, Nell can skip or return to different parts of the narrative,
and even write or rewrite her own sections so that they match what she believes or her own story
more closely. AI Dungeon updated to include this ability and the mechanic gives the audience a
much greater degree of agency than in the previous version. This voluntary interaction with a
text and with the storytelling helps create the feeling of free play and to develop a feeling of
autonomy in the player who learns that their internal motivations are enough to propel learning
and that they seek understanding without authority figures forcing them to. For this reason, one
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design principle of interactive storytelling games might be that they have an advantage in
informal settings, where learning and play is voluntary.
Stephenson shows us, and Ryan analyzes the impact of free play on the character’s
learning. The interactivity of the text allows nell to offer input to the system and, "The text
immediately adapts itself to her specifications" (337). The open dynamic nature of the interaction
with the story means that Nell can experiment with many paths in order to find the right one and
it also means that practice is filled with the slight variation that keeps repetitive moments in
games from getting dull. This principle in game design is used in production through the
technique of procedural generation and before neural networks, was incredibly difficult to
achieve with text. The dynamic nature of the story allows her to learn karate through rote drill
led by the Primer and thus “...enables her to learn on the fly how to deal with her current
situation, such as needing to defend herself against her mother’s boyfriend" (337). Her problem
solving and learning then take her to a beach where she and her brother Harvey spend the night
in danger of kidnapping. The book transforms this situation into a dangerous scenario with
pirates, which no matter Nell's experimentation will not allow her to escape. Her methods of trial
and error with the Primer continue throughout the book, and as Marie Laure-Ryan writes,
"...when Princess Nell needs to solve a problem, interactivity takes the form of an exploration of
many paths, leading into different possible worlds” (337). These paths are only able to sustain
the interest of Nell for years because they personalize to her, and allow her to make every choice
she can think of, thus giving her the feeling of agency and true pretend play and trial and error. A
branching narrative with four choices would not give nearly as much experiential learning. As
mentioned in the previous chapter, free play and open input in interactive storytelling games is
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vital, and here through the imagination of a science fiction author, readers, designers, and
researchers can see a dramatization of why in powerful fictional player story case study.
SCIENCE FICTION PROTOTYPING
Once designers and researchers have read the science fiction related to their genre and perused
the criticism, and then formally discussed it in development meetings, the next step would be to
put their own spin on it with science fiction prototyping. The main reason this is an important
step for interactive storytelling games, as was discussed above, is that the iterative process meant
to make a project in less than five years will rarely work for the play cycles of interactive
storytelling games. Many players will have wildly different play experiences that will last more
than five years, and so using playtesting as the main tool to understand player experience is
impractical, though that does not mean that playtesting would be useless. Instead, the process of
playtesting could be integrated into the development process after or during science fiction
prototyping.
This dissertation does not seek to create science fiction prototypes, but rather to give an
overview of the process as it is carried out in ubiquitous computing and to suggest alterations to
make this methodology fit into game development practices. Brian David Johson, who created
the methodology while at Intel, has written a book on how to approach science fiction
prototyping within relevant industries called Science Fiction Prototyping: Designing the Future
with Science Fiction. The work steps readers through the five step process of creating a
prototype, goes through what research is being done and has been done to show its effectiveness
as a method, and gives case studies of the different types of science fiction prototyping that has
been developed (Johnson). This work is a good starting point for any designer who wishes to go
223

through the process and for researchers interested in adapting the process to game design. This
process could easily integrate into the preproduction steps of most game development teams and
could help them understand what needs are being met by their game in the present and in the
range of futures they imagine (Johnson, chap.3). Since the publishing of this work, more
scholarly praxis using it has happened and one of the most promising for interactive storytelling
games directly relates to the holodeck.
One of the most related practices now in use that would specifically inform the creation
of science fiction prototypes for interactive storytelling games is described in the article “The
Holonovel — A Powerful Methodology for Prototyping and Creating the Future,” by Jim
Hensman. Hensman, who is from the Serious Games Institute, makes an observation in his short
article that shows clear overlaps with views of the Primer and analysis of that science fiction
here:
However, what follows from the observation that the holodeck can be considered
as the culmination of the development of immersive reality technologies is that
the holodeck and holonovel concepts can be used, particularly within the Science
Fiction Prototyping format, as a means to help develop these and related
technologies....(Hensman 5)
Since the holonovel is an interactive storytelling game, using the format to imagine interactive
storytelling games could be incredibly productive for creating experiences that would have the
necessary affordances to become holonovels. For instance, a holonovel requires a 3D virtual
representation and haptic interaction capabilities. A modern interactive storytelling game might
create settings and focuses for their games that utilize actions like these and it might also
examine in what areas technologists believe the holodeck will be the furthest off in the future,
such as with force recognition. Hensman also spends the first part of his article explaining that
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science fiction prototyping is widespread and that the applications are far reaching and not
specific to a single industry (Hensman 1). However, specification is the work of adapting this
method for games, and in order to do that, this dissertation suggests that the Primer is a nearer
future version of the total immersive game that Hensman, and Ryan, write about. Using the
Primer as a template and science fiction prototyping new Primers could lead to designs that are
nearer to what is possible within a decade and could also help designers use affordances that
early interactive storytelling games are more likely to have.
CONCLUSION
One of the most vital tasks that formally recognizing and including science fiction into
design research and game design practice can have is to make the mythic influence of science
fiction more apparent and critically analyzed by the audience in the technical class of society
already creating the transformational technologies that science fiction first imagines. Nick
Walton is an important modern example of a computer scientist with a great deal of drive and
talent who has not yet taken it upon himself to learn about the cultural and societal implications
of what he is creating. While Walton is just one person, the nexus of those around inventions like
AI Dungeon does not yet seem to consider whether what they are creating should be created at
all, or whether it should be created in the way they imagine it, which is often derived informally
from science fiction, or even indirectly from science fiction as the presence of the idea is spread
without the original source included.
In “Trickster(s) Of The Diamond Age,” Robert Guyker Jr. chooses to end his essay on
the mythic foundations and extrapolations of the Primer and The Diamond Age with what might
be seen as a warning. First, he draws the parallels between our society in 2018 and The Diamond
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Age, which he writes, “...is very much a product of twentieth-century thought and paradigms.
However, it retains valuable lessons for the twenty-first century audience coming to terms with a
world inculcated and insolated by a mediated environment” (Guyker 108). The damage and
misinformation that can spread with such cultural structures are clear in 2020 and are dramatized
in Stephenson’s depiction of the near future. He then goes on to end with this warning thought,
Whether this meaning avoiding development of devices like the Primer, I leave to a
greater multidisciplinary conversation. It does, however, give one pause to advance
uncritically into such projects based out of mystified speculations, articles of faith,
“racting” (and thus reified) as empirically established data—or worse: naturalized. (109)
This mirror’s Stephenson’s own imploring of the designers and developers to use science fiction
not only for inspiration, but to start a conversation about how to best approach new technology
(Stephenson, “Innovation Starvation” 13). Ultimately, science fiction is already inspiring
technology and often inventions like interactive storytelling games seem nearly inevitable once
they are conceived of, but what has certainly not proven inevitable is the consideration for how
these inventions fit into society, compensate and improve the lot of those involved, and help
solve human and societal problems. The setting of The Diamond Age is particularly well suited
to illustrate these points because it is neither a utopia or a dystopia as many science fiction
settings. It is a mutopia, as used by Hayles when she writes that mutopia is “the hybrid offspring
of utopia and a reality too complex to fit into utopian formulae” (Hayles 133). This adds not only
to the believability but also to the detail of motivations and plans undertaken by the characters.
Undoubtedly, it also added to the page count. The complexities of social change come through,
as in the case that it took a community of empowered caring and thoughtful individuals to
catalyze a positive societal change. Hackworth was not chosen to design the Primer because he
would finish it fastest, but because he would create the best version of it for Finkle-McGraw’s
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granddaughter and perhaps that is the shortest way to understand how science fiction can
influence the design community for the better and why there is a mandate for thoughtful formal
inclusion of it in our design processes. The design is not ultimately for the short term gains of
today, but it will effect what long-term gains are possible tomorrow, on an individual and
community level. Our inventions and designs, like science fiction itself, are built for tomorrow
and should consider the citizens of today and tomorrow in their construction.
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CHAPTER 7
CONCLUSION
“Imagination does not become great until man, given the courage and strength, uses it to
create. If this does not occur, the imagination addresses itself only to a spirit wandering in
emptiness.” (Montessori 27–28)

Interactive storytelling games have a vast potential to become transformational in the
educational realm. The time to create games in this genre is now; those who pioneered modern
computers are still accessible, and the affordances with scripting controls are direct in a way that
will not last. The need that we have to understand how computational technology shapes our
lives, and how we shape computational technology will never have the conjunction that it does
now. The decisions that designers and developers make today will shape this technology for
generations, the more people understand that these decisions are not inevitable, or certain, the
more they feel the urgency to collaborate in their design. There is no algorithm for game design,
writing, or human-centered creativity in any field, though human creatives can use algorithms to
help. The technology to begin making genuine interactive storytelling games, the equivalent of
Janet Murray’s magic genie, is there, but that genie needs to be nurtured by real people. That
nourishment comes from the best source of future speculation culture has produced: science
fiction. When Albert Einstein discovered the principles of relativity he used his imagination to
do experiments he had no way of performing in the physical world. When Maria Montessori
reimagined education she shifted the paradigm of how educators saw children. When Neal
Stephenson wrote The Diamond Age he envisioned in great detail how an interactive storytelling
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game could transform the human potential to understand and interact with computers.
Stephenson’s work is a dramatization of the potential of early interactive storytelling games to
teach computational thinking. Each of these visionaries dreamt of a synthesis of the patterns
around them and put them together in a uniquely human way. They did not blindly grind away at
iterations until they found what they thought was the best solution. They dreamt and worked with
passion to see their dreams fleshed out in enough detail that others could see their visions as a
reality. If game designers are to create the transformational educational games they’ve been
dreaming of for decades, they not only need to have the same devotion, they need to use the
same methods to see where they could go before they get there.
The task of this dissertation has been to determine a direction for the collaboration
between speculation and design that would yield the greatest aid to designers now. The
hypothesis that followed has been that designing interactive storytelling games for teaching
computational thinking with the aid of science fiction and science fiction criticism through new
game design research methods could make these games a reality. Such collaboration would also
enhance the quality of the games, by making sure designers addressed known challenges with
them in an informed way, thus it would enhance the speed of iteration by narrowing the scope of
early designs and by making clear the challenges to iterative design. Through the exploration of
this topic, many areas for further research are now clear.
FURTHER RESEARCH
Science fiction is often more revealing of the time in which it is written than it is about
the future. Understanding science fiction can help designers and design researchers develop with
the concerns and aspirations of the present in mind. As John Thackara explains in his book In the
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Bubble: Designing in a Complex World, Ethical concerns surrounding design are not separate
from good design (Thackara). Designers and design researchers have a responsibility to not only
make products that bring joy to their players, but to enrich the lives of those players in whatever
way they are able. In the case of educational interactive storytelling games, this is true on a level
that most game genres have not yet encountered. As the science fiction critics of his work make
clear, it is not an accident that Neal Stephenson sets The Diamond Age in China and roots the
philosophical questions of the work in the ideas surrounding its culture. In Confucianism, as
Neal Stephenson shares through his character Judge Fang, a Confusian judge, society is
responsible for educating everyone, as there is no class when it comes to education and, "...the
extension of knowledge [is] the root of all other virtues" (Stephenson, The Diamond Age 105).
While the characters in Stephenson’s book create the Primer without years of extensive testing,
they do not originally intend it for thousands of people, but for a specific training of one person.
Knowing the effect of the system on the learner was not part of their process, but it is the subject
of the novel, and in three out of four cases this untested technology failed to produce the desired
result. Since the desired result was to produce a mind that could break the paradigms of their
own culture and subvert them to a transcendent state of survival, perhaps one out of four wasn’t
bad.
If designers and developers immediately begin creating interactive storytelling games as
they are now, and as Stephenson depicts them as doing, their design will be rushed, or worse
careless. They may be remembered by the first who use them as little more than curiosities.
Those who play interactive storytelling games may play them for years and with good design
they may have the same level of influence as a favorite teacher, or an entire school. With great
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design, they may teach the computational thinkers that untether the world from technological
determinism, dehumanization, and factory model education. While this dissertation has
attempted to guide those game designers and game design researchers toward those lofty goals,
there are many other areas for research that may yet prove as important as the formal inclusion of
science fiction in game design.
The two existing interactive storytelling games, Façade and AI Dungeon, show the possibility of
these systems and a spectrum of design principles and development strategies to create them. In
both of these games, players type in anything they want and the game improvises responses that
are passably coherent and provide new dramatic experiences that the player interprets and
transforms into narratives they can share with others. Interactive storytelling games are just that:
games built around storytelling play with dynamically built interactive stories. The story content
of most games is static and unchangeable by the player, even adventure games with thousands of
choices. Through a combination of open input and fine grained content creation, both of these
prototypes create dynamic dramatic experiences that allow for free play.
The two existing interactive storytelling games that currently exist are very different, as
discussed earlier. While Façade is a game built around a single scene where the player interacts
with two characters in a failed marriage, AI Dungeon is a text adventure with a choice of popular
genre settings where the neural net based AI allows for practically infinite possibilities (The
Story of Facade; Vincent). Both allow for a high degree of agency. Façade was the first digital
game to give players a high degree of what the creators of Façade call local and global agency
(Mateas and Stern, “Writing Façade: A Case Study in Procedural Authorship”). AI Dungeon
surpasses the degree of freedom that Façade achieved through its use of neural nets, especially
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when using GTP-3 from OpenAI (Rao; Frauenfelder). While both Façade and AI Dungeon are
interactive storytelling games, from a software architecture and design perspective they represent
very different worlds and approaches to creating interactive storytelling games. They also have
different affordances for those who would use them to create educational systems. Façade relies
on more traditional, albeit rather advanced, sequential logic programming that mixes and
changes story beats and single lines of dialogue based on a detailed player model and open
player input to create the dynamic scene the player experiences. AI Dungeon uses terabytes of
data to fuel an AI driven response that determines the most statistically likely letter to appear
next after user input. Game designers face major issues in this genre, and they vary based on the
developer’s choice of architecture. These are the areas that seem most important for further
research--after investigating the use of science fiction and science fiction criticism--to design
interactive storytelling games that teach computational thinking.
INTERACTIVE STORYTELLING AND ANALOG GAMES
Many of the writers most important to this work make clear their reliance on the norms of
analog roleplaying games and theatre for understanding what interactive storytelling is and could
be. This dissertation makes the argument that the affordances Janet Murray describes make
digital interactive storytelling have new and research worthy potentials for education, especially
for understanding computational thinking. However, this is not to say that there are no analog
interactive storytelling games or that other analog experiences such as theatre or renaissance
faires are unworthy of study, only that they are beyond the scope of this dissertation. To explain
the genre of interactive storytelling games and why they are not simply digital roleplaying games
with another name, Chris Crawford does an entire history of storytelling and digital roleplaying
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games, with a clear respect for the analog form and its versatility (Crawford, Chris Crawford on
Interactive Storytelling, chap.1;10) In Hamlet on the Holodeck, Janet Murray makes the clearest
distinction of how the digital affordances she describes create a wholly new experience when she
explains while writing about navigation in the text based adventure game Zork
The dungeon itself has an objective reality that is much more concrete than, for instance,
the jail on the Monopoly board or a dungeon in a tabletop game of Dungeons and
Dragons—or even a dungeon in a live-action role-playing game—because the words on
the screen are as transparent as a book. That is, the player is not looking at a game board
and game pieces or at a Dungeons and Dragons game master who is also in his or her
algebra class or at a college classroom or campsite in the real world. The computer screen
is displaying a story that is also a place. The slamming of a dungeon door behind you
(whether the dungeon is described by words or images) is a moment of experiential
drama that is only possible in a digital environment. (Murray, Hamlet on the Holodeck
82)
This line of thought shows the main justification to study digital interactive storytelling apart
from analog interactive storytelling; digital affordances transform the experience into a more
immediate and objective reality. But it also shows the reliance and underlying similarity of
playing pretend with analog games. Research into the differences between the two is ongoing
and diverse; it is important for designers and may provide inspiration for hybrid experiences that
were not possible before the advent of modern digital tools for the genre, such as the GTP-3 AI
that AI Dungeon 2 utilizes.
Finally Brenda Laurel seems to spend as much of her writing in Computers as Theater on
analog experiences as digital ones, and with great diversity. She writes at length about medieval,
improvisational, and participatory theatre, analog roleplaying games, and the design of
Renaissance Faires as inspiration for digital design (Laurel, Computers as Theatre 59–61;
87;121; 200–09). Researchers interested in analog influences on digital design could do much
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worse than to rely on her work. However, one article which this dissertation refers to consistently
and which Chapter 2 references for its definition of interactive storytelling games points very
specifically to the next step of research down the analog pathway: showing that tabletop
roleplaying games are interactive storytelling games. In “Fundamentals of Interactive
Storytelling Games” Bostan and Marsh argue that analog roleplaying games are interactive
storytelling games where the dungeon master is the drama manager (Bostan and Marsh). They
specify that their definition includes both analog and digital games where the qualifying
definition is:
From our point of view, interactive storytelling is a gaming experience where the form
and content of the game is modified in real time and tailored to the preferences and needs
of the player to provide a sense of control over the mutual discourse of play. (Bostan and
Marsh 27)
They show in detail how analyzing analog roleplaying games as interactive storytelling games
can give designers insight into how to customize digital games in the genre, or in related genres
(Bostan and Marsh). Following their line of thinking to find new methodologies and discover
other affordances of interactive storytelling games, as well as more ancient forms of play in this
genre, would have great benefit to game designers and game design researchers. This area of
research has more potential resources than many others, more available games to analyze, and
can show how analog games might transform and be transformed by digital interactive
roleplaying games.
INTERACTIVE STORYTELLING AND VR
As much as interactive storytelling is among Janet Murray, Brenda Laurel, and Marie-Laure
Ryan, all of whose voices permeate this work, so is virtual reality. Often the topics are so
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intertwined in the work of these authors that they are difficult, if not impossible, to untangle. One
reason for this is that combining interactivity and immersion is the common goal for all of them.
The reason Murray writes about the four affordances she describes is to illustrate how they can
be used to foster and sustain the “...characteristic pleasures of the medium, interactivity, and
immersion” (Murray, Hamlet on the Holodeck 94). The two are not only linked but reinforce one
another, as Murray writes when explaining how her affordances relate, and finally to what
purpose they synthesize, “When we are immersed in a consistent environment we are motivated
to initiate actions that lead to the feeling of agency, which in turn deepens our sense of
immersion” (Ibid). The link she sees between virtual reality and interactive storytelling is
clearest when she writes about the the Brontë sisters in her passage “Virtual Reality in Haworth
Parsonage” where here she details how the girls used vivid visualization, which she equates to
virtual reality to create their textual adventures, which they took together and fed off one another
in an interactive process of writing together (Murray, Hamlet on the Holodeck 162–70). Murray
is not alone as a multifaceted literary scholar who bent her talents to the digital medium, nor is
she alone in seeing the seamlessness of participatory text as virtual reality.
While Murray shows are the hows and whys of text and virtual reality merging in interactive
storytelling, Marie-Laure Ryan explains the vision and the desire as an outgrowth of the quest for
total art. Marie-Laure Ryan’s interlude on The Diamond Age in her work Narrative as VR, which
forms the critical spine of Chapter 6, ultimately makes the argument that,
It is symptomatic of the utopian nature of this quest for the ultimate artistic experience
that the most perfect synthesis of immersion and interactivity should be found not in a
real work but in a fictional one: the multimedia ‘‘smart’’ book described in Neal
Stephenson’s science fiction novel The Diamond Age. (Ryan, Narrative as Virtual
Reality 20)
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Virtual reality as a technology is less important to her argument than it is as a metaphor “..for
the fullest artistic experience, since in the Platonic realm of ideas VR scores a double 10” (Ibid).
Both Murray and Ryan point toward VR as an important area of research, not only for its
technical capabilities that combine with interactive storytelling games in a would-be holodeck,
but for the idea that our virtual worlds can become a kind of reality when they are immersive
enough.
Laurel’s interest in virtual reality is grounded not only in these similar motivations, and in a
desire to evoke free play as Murray notes (Murray, Hamlet on the Holodeck 149–50), but in
development experience, its ability to stir adult imaginations, and its surprising effects on
agency. As she writes, “...simple types of agency are often responsible for the “breakthrough”
experiences reported by many people who have used virtual-reality systems” (Laurel, Computers
as Theatre 141). Murray writes several times about Laurel’s experiences with VR and specific
projects she was a part of, using these as examples to glean insight into VR. In writing about the
Placeholder installation by Brenda Laurel and Rachel Strickland, Murray’s thoughts line up with
Laurel’s previous comments about agency, “...some VR installations of the 1990s are so visually
present that interactors think they have touched things in the virtual world, including one
another, even when they have not” (Murray, Hamlet on the Holodeck 60). These are certainly
some of the breakthrough moments that Laurel was writing about.
All three of these authors point toward a large area for research into the overlap and
unique phenomena when virtual reality and interactive storytelling games synthesize. While the
ideas in this section share a great deal with the arguments of this dissertation, virtual reality is
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such a large topic and has so many particular aspects that to have included it would have been
out of scope for this dissertation.
INTERACTIVE STORYTELLING GAMES AND OTHER GENRES
Originally this dissertation contained sections describing other genres of games that
allowed for free play and the learning of computational thinking. Many such games exist, such as
Space Engineers, Minecraft, and even toolsets that depend on narrative such as Storytelling Alice
and Looking Glass. These case studies could have formed the framework of an entirely different
dissertation devoted to constructivist perspectives and integrating these teaching philosophies
into interactive storytelling games. Ultimately, because these games would still need to
incorporate science fiction methodologies in order to successfully integrate interactive
storytelling mechanics, this dissertation came first. Also, while open world construction games
can often teach experiential CT they were found unable to teach semantic CT without narrative
structures, and those structures did not support free play. Finally, while open world construction
games do support free play, they do not easily shift play styles or provide narrative scaffolding,
and often rely on peer-to-peer based learning through player made wikis and tutorials just to
learn to play the games. The integration of these games with interactive storytelling games is
certainly a fruitful area for research, as is an understanding of how branching narrative games
teach computational thinking in order to inform narrative scaffolding structures in interactive
storytelling systems. While these topics come up in Chapter 5, neither is given the space to
become the full researched area that it could be due to the scope of this dissertation.
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INTERACTIVE STORYTELLING TEACHING OTHER SUBJECTS
There is nothing that prevents the educational affordances of interactive storytelling
games from applying to other subjects. More thorough research into how these affordances
operate in interactive storytelling games in other subjects was beyond the scope of this
dissertation and would have proven difficult given that only two interactive storytelling games
exist and neither are designed for teaching. Still, research into how games-based learning,
narrative-based learning, and personalized learning as well as the versatility of play styles in
interactive storytelling games would give vital insight to those designing them for education and
is a necessary step for any developers who want to build them. The research should consider the
affordances not only of the genre, but of the controllers used. Smartphone games and keyboard
based games give very different affordances for play than VR games with two hand-based
controllers. The space between the Primer and the Holodeck is vast and the two afford very
different arenas for learning.
INTERACTIVE STORYTELLING GAMES GUIDE SCIENCE FICTION
As discussed in Chapter 6, science fiction is equally if not more influenced by innovation in
technology. The co-evolutionary spiral of Adam Greenfield mentioned previously in the section
on science fiction prototyping is not one way. Studying how science fiction is shaped by
interactive storytelling games will undoubtedly be an interesting area for science fiction
researchers and game designers interested in writing better science fiction prototypes; however,
while it was a clear direction from this research, it was also clearly off topic in this dissertation.
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Research projects in this direction might do well to look at the writing of Marie-Laure Ryan and
Adam Greenfield as a starting point.
COMPUTATIONAL THINKING GAMES AS A DATASET
Chapter 3 explores computational thinking and its relation to interactive storytelling. It
shows how computational thinking is both an important learning objective for interactive
storytelling and how it is a vital subject for designers and developers in that genre to learn. In
particular, it takes an in-depth look at the digital affordances described by Janet Murray and the
relationship of those affordances to two other key voices in the field: Chris Crawford and Brenda
Laurel. Another voice left out of the conversation in that chapter who has a great deal of worth to
say is Noah Wardrip-fruin, whose insight and technical rigor make his work of particular interest
to those who want to understand how to best use processes for expression. His book Expressive
Processing, is all about this potential, and in it he makes the argument that the walls of plot are
much easier for players to find than the walls of other more process-driven content, such as
physical spaces or play with inanimate objects (Wardrip-Fruin 412–13). Though he notes that
many are disappointed and even critique using fiction in games, he writes:
Rather than abandon fiction, it seems a better solution might be to begin to integrate
narrative movement into the simulated world, using techniques of the sort explored
during decades of research on story generation and interactive drama. (Wardrip-Fruin
413)
Much of what he calls for echoes the other voices analyzed in that chapter; however, he also calls
for analysis of code as text, which would definitely aide writers and designers of interactive
storytelling games who must, as Stern and Mateas point out, become programmers (Mateas and
Stern, “Writing Façade: A Case Study in Procedural Authorship” 7). That analysis and work first
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needed to be proved as an important step and the work Wardrip-Fruin would guide the research
into code analysis of projects like Façade and AI Dungeon. Such work would include excerpts of
code not only to give connotation meaning, but to examine them as processes and to extrapolate
their potential outcomes as models of language space and participation. This research would be
invaluable to would-be authors of process-driven narrative and is the kind of work those authors
also need to do independently in order to become familiar with their expressive tools. For this
dissertation, devling this far into software studies was beyond the scope of the project, but
proving that such work is necessary was a major portion of this project.
SCIENCE FICTION PROTOTYPING PRAXIS
The nature of this dissertation’s research was to discover science fiction methodologies in
academia and industry and to make the case for their need in game design and game design
research. The field of ubiquitous computing was one of the first to formally adopt science fiction
based methodologies into its development and one of the most wide-spread methodologies:
science fiction prototyping. As discussed in Chapter 6, science fiction prototyping was used to
imagine and prepare for possible futures at intel where the chipsets took 6 to 7 years to develop
(Hensman 1). This dissertation did not undertake science fiction prototyping praxis in order to
include a further argument for the need of analyzing science fiction criticism in order to better
understand the context of designs and areas for design research. As explained by their inventor,
Brian David Johnson, science fiction prototypes are “...short stories, movies and comics that are
created based on real science and technology” in order to “...use these fictional creations
explicitly as a step or input in the development process” because they “...offer a way to imagine
and envision the future...” (Johnson vii). Undertaking this praxis by creating science fiction
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prototypes that follow Johnson’s methods, or refined methods made from it, and developing
working prototypes based on the science fiction prototypes is a natural next step for this research
and is already underway. While the project started with this goal in mind, this dissertation was
necessary in order to integrate the methodology into the field of game design and game design
research and to understand the particular ways science fiction prototyping would operate with
interactive storytelling games. It was also vital to understand why they were necessary for that
genre to best direct the science fiction prototyping toward those design challenges it is best
suited to aid. Science fiction prototyping with this research as a guide is the next research
project.
SYNTHESIS CONCLUSION
Three major voices from interactive storytelling have guided this dissertation: Brenda Laurel,
Janet Murray, and Chris Crawford. Each has lent important perspectives on the two existing
interactive storytelling games and on potential games in that genre to teach computational
thinking. In addition, the major methodology this research proposes was inspired and guided by
the work of Marie-Laure Ryan and her in depth analysis of the primer from The Diamond Age.
This research took the perspective that the primer is not only a representation of idealized art, but
of idealized learning from the two most ancient learning technologies: story and play. In order to
support this hypothesis, this dissertation synthesized the work of psychologists, sociologists, and
play theorists to show the importance and possibility of free play in interactive storytelling
games. And finally this research attempted to show that speculation guided by science fiction
and science fiction authors is one of the only avenues of design for this emerging genre that is in
need of formal recognition.
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Iterating on interactive storytelling games, especially ones with educational goals, would be
impossible since playtests would take years and would only represent a fraction of playthroughs.
Even formal methods using tools like machinations.io would create models that showed onesided views of these games and would leave out the most important property: their synthesis of
story and play enhanced by digital affordances. If developers, players, designers, and other
collaborators on interactive storytelling games are to see their educational power come to fruition
they must use their imaginations with the same discipline and rigor that authors like Neal
Stephenson have. They must not waste time in ignorance of these meticulously imagined design
examples or the volumes of critique on them. Furthermore, if they are to transcend limited
authoring tools they must learn to create procedurally by understanding computational thinking
and by ultimately becoming programmers. Without that understanding, the finesse of authorial
control they desire will forever elude them in this genre. If this genre is to transcend derivative
works, it must teach its audience to create their own works so that those who are most familiar
with the form, the interactors, or players, can collaborate, modify, and ultimately create their
own visions from what will be years of experiential knowledge with interactive storytelling
games. It is time for the author to let go of their control and become the bard once again, only
this time they must also embrace the digital to become the cyberbard that Murray envisioned. A
future of engaging and enthralling storytelling, gameplay, and education await; we have only to
imagine that future with enough courage, guidance, and discipline to see the details take shape.
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Christopher at the Games Research Lab. He has attended numerous conferences and has three
publications in academically reviewed collections. He strives to embody both the practical
project based experience he has gained in the industry and the inextinguishable curiosity that he
pursues in academia.
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Education
The University of Texas at Dallas, PhD (ABD), Art and Technology, 2017- 2021
Vancouver Film School, Vancouver, BC, 2013 Honors Diploma: Game Design, Class 31.
MFA in Creative Writing Temple University, Philadelphia, PA, 2009-2011
Magna Cum Laude, B.A. English Literature and Creative Writing, Illinois College, Jacksonville,
IL, 2003- 2007
Study abroad - Hertford College of Oxford University, Oxford, England, Fall 2006
Experience
● Research Assistant Narrative Systems Research Lab & Games Research Lab
August 2017 – Present
● Quest Designer and Lead Writer, Sword Twin Studios, Vancouver, BC, Canada
January 2016 – March 2017
● Analog Game Design Partner with Jay Cormier, Vancouver, BC, Canada
January 2013 – Present
● Game Designer and Technical Artist at pixelmolkerei AG, Chur, Switzerland
November 2015 – August 2017
● Associate Technical Artist EA, Burnaby, BC, Canada
November 2014 – April 2015
● Assistant AI Designer and Writer Candlelight – Propaganda!, Vancouver, BC, Canada
May 2014 – October 2014
● Technical Teaching Assistant: Game Design & Programming Vancouver Film School,
Vancouver, BC, Canada
March 2014 – October 2014
● Game Designer and Developer Victory Square Games Vancouver, BC, Canada
January 2014 – March 2014
● Instructor of Record – Literature, Writing, & Tutor for Math and Nursing Lincoln Land
Community College, Springfield, IL
March 2012 – December 2012
● Tutor; Head of Education Sylvan, Champaign, IL
October 2007- August 2012

● First Year Writing and Creative Writing Instructor Temple University, Philadelphia, PA
September 2009 - May 2011
Awards and Scholarships
●
●
●
●
●
●
●
●
●
●
●

2018 - HelloGoGo Game Travel Grant - Phi Kappa Phi
2017 – McDermott Fellowship
2014 – Two Unsung Hero Awards
2013 – Excellence in Code, Best Final Game
2012 - Digital Multimedia Certificate
2009 - Teaching Assistantship at Temple University
2007 - American Poets Prize at Illinois College
2007 - Achievement Award in Creative Writing: Poetry, Illinois College
2006 - Gertrude Hahn Travel Award, Illinois College
2003 - 2007 Trustee Scholarship, Illinois College
2003 - First in Texas State in Academic Decathlon Scholastic Division

Presentations and Publications
2021 July - Upcoming HCII publication - invited author - “Designing Interactive Storytelling
Games to Teach Computational Thinking”
Electronic Literature Organization – 2020 Conference Proceedings – “The Borders Between
Linear Narrative and Interactive Forms”
PCA Presentation -2018 - Agency and Narrative Panel - Improvisation in Analog Games: Yes,
and in Digital Narrative Systems? Eric Shadrach Miller
Claridge Lecture in English Studies – Illinois College - 2017
VFS Presentation on Narrative in Games 2017
Implications: Volume 6 Issue 2: “Vitamin G for Healthy Human Habitat,” Co- authored with
Frances E. Kuo, Ph.D

