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Abstract. Most of the human knowledge is contained
in text. Automatically generating content based on the
meaning of a body of text is no trivial task. We focus
on the domains of educational games in EBooks and
gamified class material as test cases. We provide an
initial conceptual model to automatically generate:
(a) simple educational games from textual content in
EBooks, or (b) narrative frames for gamification of
online courses, from the textual content of courses
hosted in Learning Management Systems.

Keywords. eBook; artificial intelligence; natural lan-
guage processing; question generation; video games;
educational games; gamification

1 Introduction
Educational games can help people learn disciplinary
knowledge. Games also provide new theoretical mod-
els for disciplinary research, such as game theory in
economics, operations research, finance, regulation,
military, insurance, retail marketing, politics, conflict
analysis and energy. Although, it has not been dis-
cussed much, games may also represent knowledge.
Just as visual representations (diagrams, photographs
and videos) provide certain unique informational ad-
vantages over text alone, perhaps game interaction pro-
vides unique informational characteristics to represent
knowledge that text and non-interactive visuals do not.

As a simple example, in chess the situation where
any move is a bad move, but the player is forced to
move, is termed zugzwang. This concept might be a
metaphor in other fields, such as military science or
political science. However, educational games alone
are currently important burgeoning resource. The need
for artificial intelligence (AI) to automatically design
and generate educational games can be concretely il-
lustrated by several case studies.

1.1 IMapBook
To address the literacy crisis and decline in children’s
recreational reading, one of the authors invented a
new form of book, IMapBook (Gill and Smith, 2013),

that adds games and social interaction into web-based
eBooks. Students read pages of text, come to a game
that can only be won by comprehending the previ-
ous text, then read on. Teachers can monitor stu-
dent’s progress in eBooks, and form student discussion
groups. Student discussions can be monitored in real-
time by teachers. Additionally, teachers can use an ad-
ministrative system to download a variety of reports on
students’ progress.

With some seven high-impact, peer-reviewed jour-
nal publications, numerous dissertations, studies con-
ducted in five different countries and occasional use in
school systems, IMapBook has been a moderate suc-
cess. However, the ultimate goal for IMapBook is for
it to be used by a large number of educators and stu-
dents, at least in the hundreds of thousands.

As in the educational games movement at large, the
bottle neck with IMapBook is the skills, resources,
time and money needed to create high quality educa-
tional games. In the first couple of years, IMapBook
researchers created arcade-style games, where a core
educational need was morphed into a game mechanic
and then, with iterative improvements, into eBook with
games that worked well in classrooms. This required
astute instructional designers, programming expertise,
artists to produce assets and the funding, time and or-
ganization to iteratively improve games through alpha
and beta testing in classrooms. This took a team of 10
people a minimum of one and a half months to create a
short eBook with one game. In the next two years, the
IMapBook researchers embraced a lower labor model,
using an in-house authoring system to create simple
game-like interactions such as conversations with char-
acters, where players, in response to questions from
avatars, clicked on word-buttons to make responses.
See Fig. 1.

With this system, a team of three-four researchers,
in one week, could create one such short eBook with
one game and one small-group discussion. While one
eBook a week is an improvement over one game a
month, it was not fast enough for a mass market.

A look at the steps in the process reveal new bottle-
necks. Researchers/designers: (1) read the text for the
eBook finding key points in the narrative or in the con-
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Figure 1: Screenshot of a conversation with a charac-
ter game in IMapBook

tent to place a game, (2) brainstorm game ideas, (3)
select one idea and flesh out a game script, specifi-
cally questions and answers to those questions and foils
(incorrect answers), (4) refine the script, (5) input the
script into the authoring system, (6) test and refine the
game, and (7) add avatar images for character expres-
sions, neutral, happy and sad.

The current authors hypothesize that natural lan-
guage processing (NLP) and other forms of AI can au-
tomate steps one through five. Such automation would
allow IMapBook to enter the mass market. It also
would have huge implications for educational games in
general. Since much of educational knowledge is rep-
resented in text, such text to games automation could
similarly move educational games to a mass market po-
sition, where educational games could be quickly cus-
tom generated. The next case study illustrates another
such similar need.

1.2 Gamifying a University-level Course
The second use case is related to gamifying a
university-level course, i.e. modifying and tailoring the
existing course materials to fit the paradigm of gamifi-
cation and the platform of choice that is implemented
to support and ease the use of gamification concepts in
educational practice.

The platform of choice (Classcraft1) features many
techniques of gamification, including but not limited to
avatar creation, special powers, experience points and
levelling, achievements, task-oriented progress, mech-
anisms of boosting positive and discouraging negative
behaviour, and many others. As opposed to standard
class materials, a unit of content in Classcraft is for-
matted as a task, consisting of an optional story and
an optional assignment (at least one of those must be
specified). Several tasks can be found in a single quest,
which has, in addition to the tasks, a beginning and an

1For further information, visit: https://www.classcraft.com

ending node that consists of a story only.
The standard course materials are divided into parts,

each of which is usually delivered in one week of the
semester. These parts are naturally translated to quests
in the gamified setting of choice, while assignments
usually performed during classes can be modelled as
tasks.

The greatest challenge that emerges when standard
course materials are translated into the gamified envi-
ronment is related to the effort of creating a story that
can be used to create a setting for the used elements of
gamification, and that can be set in the chosen imagi-
nary world, while containing the concepts semantically
related to the contents of the applicable course materi-
als. Generating such a story is important, as it helps
immersing students in the gamified world, and deliver-
ing them the fundamental ideas of the course material
in a context that is removed from the rigid constraints
of the real world, i.e. the story can easily feature e.g.
situations where the core concepts of the course ma-
terial are applied. In other words, a concept such as
intelligent planning might be described through a story
not strictly by formalised expressions, but for example,
as a set of movements and actions that a seer gives to a
blind knight who is saving a dragon’s prisoner.

Generating such stories is a time-consuming pro-
cess. With a system that can generate basic plot
points in a world of a chosen context could speed up
the process. Furthermore, the authors hypothesize
that having a system that can automatically generate
outlines of a story based on the given textual input
content (the course materials) could make it easier to
generate stories and narrative course-related content,
and thus ease the process of students understanding
the content. Ultimately, it would be helpful to have
additional serious games (e.g. simple assignments
or quizzes) be generated automatically based on the
provided course materials and their textual content,
that would be integrated into the gamified world and
that might be used for revision and self-assessment.

The rest of the paper is organised as follows. The
following section contains a brief overview of the pub-
lished research related to the topic of this paper. Sec-
tion 3 describes the proposed approach on a concep-
tual level, followed by Sec. 4 presenting an example of
what the final product of the system using the proposed
approach could look like. Finally, Sec. 5 features the
concluding remarks.

2 Related Work
As a specific problem in the broader context of auto-
mated programming, and by extension software engi-
neering (Cook, 2020), automated design of computer
games is a problem that has been researched since at
least the beginning of the millennium (Orwant, 2000).
The Extensible Graphical Game Generator (EGGG)
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contained some prior knowledge about the domain of
the game described in a language that is similar to that
used by the modern-day interactive fiction tools, such
as Inform 7 (G. Nelson, 2019). A textual description
of a game, as presented by Orwant (2000), is trans-
formed into a graphical Perl program that is easily ed-
itable. Thus, with minimal effort put into customising
the generated content, a number of games were gen-
erated, including: chess, poker, rock-paper-scissors, to
name a few.

M. J. Nelson and Mateas (2007) propose an ap-
proach to formalising mechanics used by the games
that are to be generated, use them to generate games
and employ the assistance of WordNet and Concept-
Net to perform some basic reasoning in the process.
Furthermore, the authors consider generating games to
be a problem-solving activity.

The modern approach to automated game design and
automated computer game generation is enhanced with
popular AI methods, such as the approach of Guzdial
and Riedl (2018) where machine learning that gener-
ates new games based on approximate representations
of existing games, and the recombination of the knowl-
edge contained in those representations via conceptual
expansion; the approach of Sarkar and Cooper (2020),
who argue in favour of the concept of creative machine
learning (ML) – a set of ML approaches that are pop-
ular in the domains related to various forms of the
arts, but somewhat neglected in the domain of video
games; or the approach of Cook (2020) and Cook et al.
(2012) that utilises co-operative co-evolutionary sys-
tems to automate game design of Metroidvania and ar-
cade games.

Ultimately, methods of AI are used in various ways
for specific game-development-related tasks (Yan-
nakakis and Togelius, 2018), such as game balancing
(Pfau et al., 2020), level and content design (Kano,
2020; J. Liu et al., 2021), or player modelling, etc.

Using the concept of analog and video games in the
context of education is not a novel idea, yet the for-
mal inclusion of gamification as the idea of featuring
game-specific concepts in a non-game environment of
higher education is still growing, and could be consid-
ered to be in its infancy (Grosseck et al., 2020). Gam-
ification combined with traditional teaching methods,
such as classic lectures and reading, can improve learn-
ing effectiveness in almost every educational field, es-
pecially in science, technology, engineering, and math-
ematics (STEM) education (Legaki et al., 2020).

In the context of education, Dicheva et al. (2015)
identified use of gamification elements such as badges,
leaderboards, points, levels, progress bars, virtual cur-
rency and avatars, of which the most popular are
badges, leaderboards and points. Badges should be
awarded as individual awards for activities that require
independent work by students. (Kiryakova et al., 2014)
explained that badges in gamification can be given to
students for achieving certain skill or level of knowl-

edge and that badges should be displayed in students
achievement for social recognition and to engage moti-
vation. Freedom to fail, current feedback, evidence of
progression and storytelling are some of the essential
elements of gamification that could be used in educa-
tion (Rabah et al., 2018). Freedom to fail, a concept
of formative assessment, occurs as one of the choices
users can choose on their path of the game. Frequent
feedback, as already necessary in traditional education,
is a critical element for a player to know how they per-
formed in game. Evidence of progression is seen in
the form of levels or tasks and storytelling puts learn-
ing in a realistic or a fantasy context. Furthermore,
storytelling and coherent narrative can be observed as
engagement mechanisms in educational games (Arm-
strong and Landers, 2017; Iacono et al., 2020; Mader
et al., 2019).

According to Huang and Soman (2013), gamifica-
tion in higher education lets students approach new
knowledge and skills through fun environment, and
minimises negative emotions and lack of motivation
that students encounter in traditional forms of educa-
tion. Also, gamification in education can be a power-
ful tool for achieving learning objectives when imple-
mented properly.

The approach to be used in including gamification
in education, especially higher education, and achiev-
ing success is still a problem to be solved (Ahmad et
al., 2020; Arruzza and Chau, 2021; Murillo-Zamorano
et al., 2021; Toda et al., 2018; Vinichenko et al., 2019).
The recently increased popularity and use of eLearn-
ing systems opened new opportunities and a stronger
foothold for gamification in higher education (Lengyel,
2020; Yamani, 2021). Using the elements of gamifica-
tion does not necessarily lead to an environment some
might classify or perceive as childish, as serious games
represent a valid choice (Almeida and Simoes, 2019).

The system proposed in this paper is to be used for
automatically designing a video game that is educa-
tional or that can be used in educational purposes. One
of the first tasks that the authors want to tackle is au-
tomatically generating meaningful questions based on
the text input given to the system. Automatically gen-
erating questions is an application domain of NLP that
uses various algorithms of NLP and methodologies to
generate questions from a given text input (Khullar et
al., 2018; Pan et al., 2020; Rakangor and Ghodasara,
2015). Higher education, and education in general, is
a welcome application domain for automatically gen-
erating questions (Atapattu et al., 2017; Hendered and
Jönsson, 2020).

The approach that the system described in this pa-
per intends to use is based on semantic analysis of the
input text and recognition of key entities and their re-
lationship – an approach that is already somewhat es-
tablished in the context of automated question genera-
tion in higher education (Diez-Sanmartín et al., 2020;
B. Liu et al., 2019; Mazidi and Nielsen, 2014). Further
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work and development would allow the system to auto-
matically develop simple educational video games, as
described farther in this paper.

3 Conceptual Model
Automated generation of simple educational games
from large swaths of knowledge content is closer than
it seems, in fact eminently doable. See Fig. 2 for a gen-
eral conceptual model detailed in this section. From the
long-lost library of Alexandria, to monks hand copying
volumes in medieval churches, to Gutenberg’s press,
to eBooks, to web-pages; most of human knowledge,
past, present and future, is contained in text.

It takes three neat technical tricks to transfer key,
core, concepts to learning games. First, we abstract
knowledge from books, using NLP to extract entities
and their relationships from texts. This step can be im-
plemented using services that can use, but are not lim-
ited to, NLP algorithms or methods, such as the one
described in (Pirnay-Dummer and Ifenthaler, 2010).
Second, we map those key entities and their relation-
ships to a simple computer language that represents a
few game mechanics. Third, an interpreter provides
the game-play experience to learners. The former is
planned to be supported by an extensible set of pre-
defined game mechanics providing support for various
games that follow a common implementation template.
The second step might be further adapted if some of
the state-of-the-art methods are utilised, such as GPT-
3 (Brown et al., 2020) or similar. Figure 2 shows the
basic conceptual scheme.

The most complex and challenging part in the de-
scribed process illustrated in Fig. 2 is converting
the recognised and extracted entities contained in the
source text, and their relationships, into a simplified
syntax that is adapted to be used as an input in the
process of generating a minimal viable product, i.e.
a game-play experience for learners, or at very least
an easily editable game prototype based on the simpli-
fied syntax. The ultimate goal of the system described
herein is to generate a real-time game that is based on a
source textual content, and is applicable to learning en-
vironments. Although this translation itself is not nec-
essarily extremely complicated, the prerequisites of it
might be.

Although implementing the above described process
sounds daunting, even in the light of recently pub-
lished research on automated game design and auto-
mated game generation (discussed in Sec. 2), breaking
it down to smaller problems that can be tackled one at
a time renders it as a highly solvable problem, espe-
cially when the research and development are carried
out for specific application domains first, and a general
model is built based on the performance of those more
specific. Furthermore, the research of this paper is con-
strained to specific types of games with a specific pur-
pose, as opposed to proposing a general approach that

aims at being able to automatically generate any type
of a video game. The complex structure of such a com-
plex process can be broken down to services that can
be considered microservices (Lewis and Fowler, 2014)
in the context of implementation. Such microservices
should be fine-tuned and efficiently organised.

Organisation of microservices, and distributed
microservice-based systems is the main goal of the or-
chestration platform (Schatten et al., 2020) that is be-
ing developed as the integral part of O_HAI 4 Games
project, thus rendering it as a perfect foundation and
companion for building the system described in Fig.
2. This platform is being developed as a specialised
platform for orchestrating microservices that feature
and use various methods of hybrid artificial intelligence
(HAI), which is a welcome feature for the approach
presented in this paper.

The first step towards the mentioned ultimate goal
is modelling and developing a system that can gener-
ate real-time games for the IMapBook platform. Such
games use a simple description based on Extensible
Markup Language (XML). Their structure and imple-
mentation are presented below, in Sec. 4.

Although the example of an IMapBook game de-
scribed in Sec. 4 is extremely simple, the initial goal
of the proposed system is to be used to automatically
generate serious or education-oriented games based on
predefined templates, such as various kinds of games
utilising the platformer-genre-specific game mechanics
(e.g. connect-four, or bubble shooters, or classify-the-
elements, etc.), or boardgame-style multiplayer video
games that would enrich the educational aspects of
playing a game with social elements, thus enhancing
the experience and the process of learning through in-
teraction, socialisation, and healthy competition.

4 IMapBook Game Example
Two parts, (1) A simple computer language that rep-
resents a few game mechanics, and (2) an interpreter
provides the game-play experience to learners, exist in
IMapBooks. In IMapBooks, eBooks and their games
are represented with a simple XML.

For instance, the simple conversation with character
game where players click on buttons with words to an-
swer a character’s questions (pictured in Fig. 1) is rep-
resented by this code (a simplified excerpt of the actual
XML) for a page in the eBook. The first line of XML
code below defines an eBook page of type 2, mean-
ing a text game page, which includes lexicon buttons,
graphics and text messaging with feedback (see Fig.
1). Other page types include text pages, graphics only
games and text games with no graphics. This type of
game was developed to exercise students’ inferences, a
key part of reading comprehension.

<page type_id="2" chapter_number="" hidden="n"
↪→ timeout="0" timer_last="1" timer_next="1">
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Source content (text)

O_HAI 4 Games orchestration platform

Knowledge extraction
(entities and their relationships)

Game mechanic or story
outline representation

(e.g. XML, story grammar, etc.)

Minimal viable product
(easily editable game prototype or
natural language story summary

based on the representation)

Figure 2: Conceptual model of the proposed approach

Figure 3: Screenshot of the state machine conversation
with a character game in IMapBook

This next section of code defines the first part of a
state machine used for simple text game interaction,
with a lexicon of word buttons, two states and a tran-
sition. The player gets some initial game directions
from the character, "What are the four questions I am
wrestling with? Please put only one question at a time
into the text area, then click on the check mark to sub-
mit." The player clicks on a sequence of words, on the
buttons (Do, hate, know, him?, I, trust and love) to cre-
ate a response and then clicks the check mark.

<state sound="" xloc="8.981481481481483" yloc="
↪→ 21.578514993281487" label="" url="">

<text>
<![CDATA[What are the four questions I am

↪→ wrestling with? Please put only one
↪→ question at a time into the text area,
↪→ then click on the check mark to
↪→ submit.]]>

</text>
<image file_name="LotT-arena.png"></image>
<lexicon label="" text="" error="Please try

↪→ again.">
<word type_id="2" sound="" icon="" word="live

↪→ without"></word>
<word type_id="2" sound="" icon="" word="Do"><

↪→ /word>
<word type_id="2" sound="" icon="" word="hate"

↪→ ></word>

<word type_id="2" sound="" icon="" word="know"
↪→ ></word>

<word type_id="1" sound="" icon="" word="him?"
↪→ ></word>

<word type_id="1" sound="" icon="" word="I"></
↪→ word>

<word type_id="2" sound="" icon="" word="trust
↪→ "></word>

<word type_id="2" sound="" icon="" word="love"
↪→ ></word>

</lexicon>

The next section of code shows counter transition
(type=1), which requires four correct inputs (trigger=4)
to go to the next state (state 1, defined by the following
code section).

After the player clicks on word buttons and clicks
the check mark, the IMapBook eReader interpreter at-
tempts to match the text input with the "responses"
coded into the transition below. If there is a match
(for instance, "Do I hate him?"), it outputs the
text_output to the player ("No way. I know that I
don’t hate him."). If the response is an incorrect re-
sponse (type 2), then the character’s avatar changes
(avatar = "3"). Note that the next text_output, "Do
I trust him?" is a correct input, receives a response
of "Absolutely. This is the question that burns inside
of me." and the character’s avatar changes (avatar=2).
Note that this code is simplified for clarity, so there are
only two inputs, even though four correct inputs are
required to make the state machine move to the next
state.

<transition type_id="1" variable_idx="-1"
↪→ trigger="4" next_state_idx="1" label=""
↪→ scenario_id="0">

<response type_id="2" sound="" weight="0" bits
↪→ ="0" asub="n">

<text_input character="0" avatar="0">Do I
↪→ hate him?</text_input>

<text_output character="4" avatar="3">No way
↪→ . I know that I don’t hate him.</
↪→ text_output>

</response>
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<response type_id="1" sound="" weight="0" bits
↪→ ="0" asub="n">

<text_input character="0" avatar="0">Do I
↪→ trust him?</text_input>

<text_output character="4" avatar="2">
↪→ Absolutely. This is the question
↪→ that burns inside of me.</
↪→ text_output>

</response>
</transition>

</state>

The next section of code shows the next and last state
of the game and page. Note that each game requires
one blank state, such as this at the end of the game. A
game can include as many states and transitions as the
designer desires.

<state sound="" xloc="69.83532934131736" yloc="
↪→ 22.37442922374429" label="" url="">

<text>
<![CDATA[You did really well. Select > to read

↪→ on]]>
</text>
<image file_name="LotT-State-happy.png"></image

↪→ >
</state>

</page>

As mentioned, this conversation with character
game, with simple avatar images that change expres-
sions, uses a state and transition model, where transi-
tions from one state to another are made based on "trig-
gers." For instance, in the first state, a transition can be
made by by making four correct inferences (those that
start with response type_id="1"). There are a variety
of other transition types, for instance time out transi-
tions. There are other types of games represented with
this simple XML language, for instance drag and drop
games and hot spot games which can use simple anima-
tions. All of these games can include sounds, as well
as speech to text synthesis as inputs and text to speech
synthesis for output.

The web-based eReader is an interpreter for these
games. Students read along in text pages until them
come to a game page and then play the game. This
simple XML language to represent games, and the
eReader game interpreter are a proof of concept. It
is much easier to generate this XML language that
represents the game, in intermediary form, than to
generate the more complex needed for game systems,
such as Unity, Construct 3, etc.

The simple XML language that represents games
and the web-based eBook system that interprets the
games, can gradually be expanded to include a greater
variety of games.

4.1 Use case two, proposed approach
Use case two requires a slightly different approach.
Similar to case one, it takes the text content from an
online/hybrid course, and generates entities and rela-
tionships. However, instead of generating a simplified

description of a game mechanic (XML), it would gen-
erate an outline for the plot of a story, using story gram-
mar (Mandler et al., 1977).

Story grammar is the idea that stories within a cul-
tural tradition follow very similar patterns. In west-
ern story-telling, the grammar typically follows these
steps: (1) setting the stage: initial situation, including
introduction to the setting and main characters, (2) con-
flict between characters or within a character (internal
conflict) or between the character and the setting (man
against nature), (3) protagonist (or his/her agents) at-
tempts to resolve the conflict, or attempts to achieve
sub-goals in resolving the conflict, (4) climax and (5)
resolution of the conflict.

For case two, the story grammar plot would use
the course content entities and their relationships, but
also need to draw from a library of possible narrative
themes (e.g., common fantasy, science fiction or adven-
ture themes) and be framed in a way that lends itself to
gamification of a course, e.g., attempts to resolve the
conflict would need to be casts as tasks by the protago-
nist’s agents. Also, perhaps some of the content in the
course would need to be personified.

The final step for case two would be using the story
outline as input to an NLP algorithm or an advanced
neural network model such as GPT-3 to generate a nat-
ural language story summary that would be used as an
introduction to the gamified course.

5 Conclusion
This architecture provides a way to automatically gen-
erate an arbitrarily large amount of games to support
learning in any number of texts, including expository
or fiction text. Once the basic architecture is created
and run as a proof-of-concept, the system can gradu-
ally be expanded to include a wider range of games.
This provides a means to create a vast repository of
knowledge in an interactive, game form. If interactive
game representations of knowledge elucidate other im-
portant aspects of knowledge, different from text, di-
agrams and video, perhaps the automatic generation
of educational games from text could expand knowl-
edge exponentially in ways reminiscent of the Guten-
berg printing press.
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