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Preface

The Joint Conference on Serious Games 2023 (JCSG 2023) took place at Trinity Col-
lege Dublin, Dublin, Ireland, from October 26–27, 2023. This year’s conference served
as a gathering point where participants with a wide variety of backgrounds, such as
researchers, designers, developers, writers, artists and more could present and discuss
innovative topics and challenges encountered in the emerging and developing field of
serious games.

In this edition of JCSG, we received 57 submissions from 21 countries. Following
a comprehensive single-blind peer-review process with an average of 2.6 reviews per
submission, we selected 18 full papers and 9 short papers. Reviewers’ feedback was
provided to the authors to facilitate the subsequent correction and improvement of their
final manuscripts. The selected papers covered various topics, categorized as follows:
Technology and Systems (four papers), Theoretical Aspects (four papers), Health and
Wellbeing (four papers), Extended Realities (six papers), Soft and Social Skills (four
papers), and Academic Skills (five papers). The contributions were presented through
traditional talks and presentations.

Furthermore, a selection of authors whose submissions were not accepted for pre-
sentation were given the opportunity to showcase their work through posters or exhibits.
A total of 14 contributions of this nature were presented. These posters and exhibits
were displayed within an exhibition area at the conference.

The theme for the 2023 edition of JCSG was “Serious Games, Serious Stories,” and
while some papers reflected the theme, the overall collection of papers reflected the wide
range of topics that are relevant for serious games. The themewas reflected strongly in the
conference keynotes, whichwere given byBrendaRomero andHartmutKoenitz. Brenda
Romero is a BAFTA award-winning game director, entrepreneur, and Fulbright award
recipient. She entered the video game industry in 1981 and is currently the CEO and
co-founder of Romero Games. Hartmut Koenitz is a professor at Södertörn University
and a specialist in interactive digital narratives and video games. He considers these
mediums as dynamic systems capable of representing and enabling critical perspectives
on complex topics.

We extend our gratitude to the authors for submitting their papers and participating
in engaging discussions. Additionally, we thank the keynote speakers for providing
high-quality insights into the field. Our acknowledgment also extends to the Program
Committeemembers for their diligent reviews, the dedicated volunteers who contributed
during the event, and the steering committee members who played a key role in shaping
the conference.

October 2023 Mads Haahr
Alberto Rojas-Salazar

Stefan Göbel
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Technology and Systems



Open Game Data: A Technical Infrastructure
for Open Science with Educational Games

David J. Gagnon(B) and Luke Swanson

University of Wisconsin – Madison, Madison, WI 53706, USA
{djgagnon,lwswanson2}@wisc.edu

Abstract. In this paperwedescribe a technical infrastructure, entitledOpenGame
Data, for conducting educational game research using open science, educational
data mining and learning engineering approaches. We describe a modular data
pipeline which begins with telemetry events from gameplay and ends with real
time APIs and automated archival exports that support research. We demonstrate
the usefulness of this infrastructure by summarizing several game research projects
that have utilized and contributed back to Open Game Data. We then conclude
with current efforts to expand the infrastructure.

Keywords: Learning Games · Assessment Games · Learning Engineering ·
Game Data · Educational Data Mining · Open Science · Research Infrastructure

1 Introduction

Effective human collaboration and coordination may well be the most powerful force
in the universe. In this paper, and the project it describes, we contribute motivations
and tools for collaborating and coordinating educational game research. This project
is a direct response to both the promise of learning games for teaching, learning and
research, as well as the challenges faced by game researchers.

One of the most obvious challenges is made clear in the 10 min after every talk the
authors have given, when inspired graduate students come up to us and ask, “Howdo I get
involved?” We are not satisfied by the most obvious answer to this question, which is to
relocate oneself to one of the handful of large research institutions that have an in-house
game studio, secured distribution, built research infrastructure and have an established
research team with expertise in data science. What is the alternative? For many, it is
to develop small versions of all these components once again, leading to educational
game projects that are designed by novices, ad hoc infrastructure, small sample sizes
and narrow studies. But what if there were a way to collaborate?What if there was a way
to build from ongoing, well designed game projects with existing audiences, datasets
and even sample analysis code so that the researcher could focus on their experiment and
not all the apparatus required? What if a studio could adopt data driven design practices
and better understand their players without having to develop all their own technology
and in house expertise?

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
M. Haahr et al. (Eds.): JCSG 2023, LNCS 14309, pp. 3–19, 2023.
https://doi.org/10.1007/978-3-031-44751-8_1

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-44751-8_1&domain=pdf
http://orcid.org/0000-0001-5126-0476
http://orcid.org/0000-0002-8455-7441
https://doi.org/10.1007/978-3-031-44751-8_1
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This is the pursuit of Open Game Data: to open educational games research to a
wider audience than we see today. We are looking to decouple learning game studios
and research teams, so they don’t need to be at the same organization. We are looking
to modularize technical infrastructure so that a given studio or researcher can leverage
useful portions of a data collection and analysis pipeline that serve the unique needs of
their project, getting 99% of what they require for free and only having to contribute the
final 1%. In the end, we believe that this collaboration will accelerate discovery in fields
such as human computer interaction, machine learning and learning science, and in the
end, produce better, more effective learning experiences for students.

The approach is not just an idea, it is happening today. Currently, a shared infrastruc-
ture is already collecting millions of rows of research data daily, from numerous learning
games, and making those data and related analysis approaches available online for free.
Open-source libraries are available for studios to integrate into their game. Hundreds of
datasets are available for download, and many have code samples to explore, analyze
and visualize the data. It’s time to collaborate and coordinate!

2 Background

2.1 Games for Learning

While there are certainly critiques of digital games for learning [28], the overwhelming
evidence favors their usefulness when applied appropriately. Educational games have
been empirically shown to enhance students’ understanding of targeted concepts, as well
as their information processing skills [4, 5]. Games and situated virtual simulations have
also been linked to increased motivation and interest [20, 22].

Scientifically based simulations and games provide contexts for representing and
interacting with the world. When properly designed, they allow players to affect, exper-
iment, and observe consequences in the simulated world in ways that are representative
of the real world. Thus, simulations and games can produce situated learning experi-
ences tied to disciplinary-specific concepts and language [9, 37]. James Gee [9] posits
that well-designed games can situate players perceptually, narratively, and socially in a
way that leads to empathetic embodiment for complex systems, thus prompting players
to develop new ways of thinking, knowing, and being in the world, what Shaffer [32]
calls an “epistemic frame”. Because players’ actions within simulations are mediated,
reducing danger and cost while expanding or compressing time, perspective, etc., games
provide a useful means of teaching complex concepts, particularly ones that cannot
be experienced directly [13]. A challenge, then, is to produce designed experiences that
align and balance context, goals, challenges, and feedbackwith desired student behaviors
and learning outcomes [18].

2.2 Videogames as Instruments for Skills and Knowledge

There is increasing interest in using games as instruments and assessments [15]. This
interest in grounded in the facts that: (1) games can engage players in authentic situations
that resemble what they will encounter in real-world situations and (2) the telemetry of
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digital games can allow for collecting rich data that can be used to build computational
models that reconstruct the entire problem-solving process, instead of only looking at
the final outcomes of the problem.

Frameworks such as evidence-centered design (ECD) [21] formalize a method for
designing games as psychometrically valid evaluations, leading to what Shute et al. [34]
calls stealth assessment. This approach has been successfully used to assess conceptual
understanding of academic topics, as well as persistence, and problem-solving skills
using game play interaction data [42].

2.3 Analytics and Educational Data Mining

An alternate, but compatible approach to evidence centered design leans into the affor-
dances created by the amount of data produced by games and the use ofmachine learning
to extract insights. This approach, commonly referred to as educational data mining [35]
uses fine-grained interaction data from a digital system to support educationally relevant
conclusions. The method does not necessarily require the game to be designed in any
particular way, but “mines” the data that is available to buildmodels and draw inferences.

Supervised approaches utilized “labeled” data to train models. These labels can be
internal to the game, such as a “quit” event where the player leaves a challenge before
it is completed. The labels can also be provided by a researcher based on observation of
the player or game play. In either case, models are trained using numerical or categorical
“features” that describe some segment of gameplay along with the labels. If successful,
the model can take a new set of features and accurately predict the outcome label. Recent
work has demonstrated the use of supervised educational data mining approaches with
game log data to effectively predict quitting, off-task behavior [2], wheel-spinning [12,
26], detect the learner’s goal [6], as well as assess the learners science content knowledge
[8, 30].

Unsupervised approaches provide insights into players without the use of labeled
data for training. For example, clustering analysis has been used to develop a taxonomy
of play “styles” [38], and latent class analysis has been used to develop learner typologies
in relationship to learners’ prior knowledge and domain interest [36].

2.4 Open Science for Education Research

OpenScience is amovement that seeks to leverage newpractices and digital technologies
to increase transparency and increase access in scholarly research. It can be summarized
as a form of scientific enterprise in which every step of the scientific endeavor is made
available for others to inspect, critique and reproduce. Open Science is a response to a
series of issues that have been raised with the way science is conducted and the latent
structures that exist within scientific practice. These problems include high failure rates
of replication studies [19], publication bias [29], high rates of false-positives [11], and
cost barriers to accessing scientific research [23].

Open science for education encourages sharing artifacts at each stage of research
[17, 40]. While specific terms may differ slightly, the following components of open sci-
ence are common (0) Preregistration wherein researchers document their study protocol
before executing the study [41]; (1) Open access to make research results available after
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publication; (2) open data as a way to publish the raw data before analysis; (3) Open
Analysis to share the process by which the final results were obtained from the raw
data; (4) Open Materials ensure that the tools and instruments used as an intervention
or to collect data are available. Researchers are thereby encouraged to be as transpar-
ent as possible during the research endeavor and widely share artifacts outside of their
immediate research team.

The transparency ofOpen Science not only combats some of the problemsmentioned
above by making every part of the research available for critique, but also may serve as
a catalyst to accelerate inquiry and diversify those involved. Research that adopts any of
the open practices also decouples the expertise (and cost) required to participate in that
phase of research from the others. The availability of Open Data allows researchers to
repurpose data in pursuit of a novel research agenda from what was originally in mind
when the data was collected, saving significant cost for the secondary use. Similarly,
OpenMaterials allow researchers to reuse interventions and instruments to be repurposed
for new audiences, contexts or modified to support new research without having to
develop thesematerials from scratch. OpenAnalysis allows potentially complex analysis
procedures to be leveraged with other data, bootstrapping the efforts of the new research
project.

2.5 Open Game Data as a Platform for Open Science with Game Data

OpenGameDatawas initially developed at the FieldDayLab atUniversity ofWisconsin-
Madison to explore data being generated by their owngames. Followingyears of informal
collaboration with researchers at CarnegieMellon and University of Pennsylvania, a few
larger research projects required game datasets to be able to be moved quickly between
institutions to support the collaboration. Open Game Data was developed to serve those
immediate needs while beginning to tun attention to expanding the network of who was
collaborating.

OpenGameData is an online infrastructure designed to facilitate several components
of Open Science, namely Open Data, Open Analysis, and OpenMaterials. The technical
system is designed to capture, store, transform and disseminate player interaction data
from learning games. A website provides links to game source code, publications based
on these data and analysis code utilized by those investigations. This infrastructure has
already evolved through several iterations and it’s own progress has been documented
and disseminated openly at https://github.com/opengamedata.

OpenGameData builds on the insights of previouswork. It borrows the ideas ofmod-
ularity between data providers, data stores and data consumers as well as the definition of
a cross-project logging schema from xAPI [1], but is not well suited for high-frequency
data created by games due to the verbose JSON structure. Open Game Data is also
inspired by Data Shop [16] to create a public repository of learner datasets that are
used by researchers beyond the initial authors but is most appropriate for instructional
tutor data. Finally, this work builds upon the goal of a reusable system for analyz-
ing educational game data that was demonstrated in ADAGE [25], but has since been
abandoned.

https://github.com/opengamedata
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3 Open Game Data Technical Infrastructure

We now outline the technical elements of the Open Game Data infrastructure. This
includes a general pipeline for event data processing, a set of design decisions to ensure
the data and pipeline work well across game genres and levels of granularity of research,
and a description of our implementation of this design.

3.1 Levels of Granularity in Game Data Analysis

The goal of this infrastructure is to enable analyses that provide an understanding of
game player experiences. We support such research by generating data suitable for a
diverse range of analytical approaches. Thismay include anything from simple statistical
summaries of a group of players to full in-engine replay of an individual gameplay
session.

These approaches generally require the ability to track interactions between a player
and a game, potentially across multiple sessions or repeated playthroughs. Further, dif-
ferent approaches often require different levels of granularity. The Open Game Data
pipeline directly supports four levels of granularity: event, session, player, and popula-
tion. This is not a comprehensive list of all possible granularities but represent the most
common use cases we have encountered.

• Event data: An event represents a single interaction between player and game. This
could be an action taken by a player, such as clicking a button; a reaction by the game
system, such as a change in a score display; or a marker of progression, such as the
player completing a level [24]. We further identify two classes of events:

– Game events: These events represent objective moments of gameplay, encoded
in the game system itself. These are the most common kind of event data, and
include click and navigation events, changes in the game state, and movement of
the player through a game’s progression system.

– Calculated events: These are derived events that are not explicitly a part of the
game. These events can be generated during analysis of the game events. This
category includes events that are based on arbitrary thresholds, orwhose definitions
might change over time. For example, an “idle player” would be best implemented
as a calculated event.

• Session data:This level of granularity comes from aggregating events across a game-
play session, in order to extract some understanding of the session as a whole. We
define a session as the time from a player opening the game application to the time
the application is closed. It is generally assumed that a session represents only one
player’s interaction with the game; however, it is possible multiple players could take
turns in a single session.

• Player data: In the same way session data is generated by aggregating events across
one session of gameplay, player-level data is generated by aggregating events across
all of a player’s sessions. For some games, session and player data have a one-to-
one relationship; that is, the game does not keep track of a player across sessions,
assuming instead that each session is a unique, one-time player.
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• Population data: In this case, events are aggregated to generate data about a popula-
tion of players. Practically, this data tends to be based on aggregations of player-level
data, rather than raw aggregation of events. For example, where a player-level feature
might be the total score on a puzzle, an equivalent population-level feature may be
the average player score.

3.2 A Pipeline for Event Data Processing

In order to provide data for analysis at each level of granularity, we have developed a
pipeline for the collection, processing, and distribution of game event logs. Our pipeline
begins with the collection and storage of raw game events, and includes a series of data
transformations, yielding calculated events and feature data. It ends with distribution
of data suitable for games researchers and data scientists to perform analysis, model-
building, or data visualization.

This pipeline is agnostic to game genre and allows for complete customization of
the set of calculated events and features for each game of interest. Further, our pipeline
is independent of any specific data storage solution or game platform. We achieve this
flexibility by enforcing a specific schema for all events, creating a common structure
for inputs to the pipeline. So long as a mapping can be defined to place existing event
data into the form defined by the schema, our pipeline provides a uniform interface for
processing events into the granularities discussed in Sect. 3.1 (Fig. 1).

Fig. 1. The Open Game Data pipeline consists of four segments, namely game clients, logging
and storage, data transforms, and data sharing.

The Open Game Data Event Schema
There are two goals in designing a single standard for event logs. The first, as discussed
previously, is to allow for a single interface to process event log data. The second is to
ensure that gameplay is logged in sufficient detail to allow a full reconstruction of the
session. Any given event log should answer a few questions, including when did the
event occur? what happened? who was the player? where was the player in the space
of possible game states? which version of the game was being played? Our schema is
designed to ensure these questions are answered by each event. The full list of schema
elements is included in Table 1. These elements can be grouped into the following
categories:
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• Identifiers:We include three identifiers with each event, namely an app ID, a session
ID, and a player ID. The app ID indicates which game logged the event. Session IDs
are uniquely generated each time a game application is started and are included with
each event until the application is closed. Lastly, the player ID is an optional identifier,
which may be used by games that implement a player code or similar mechanism to
track users across multiple sessions.

• Timestamps: The timestamp category includes an eponymous UTC timecode indi-
cating when an event occurred in absolute time, as well as an event sequence index,
sometimes called “session index”. The first event within a session is given a value
of 1, the next 2, and so forth, ensuring that the precise order of events can be recon-
structed. This addresses a potential issue where some storage systems do not with
sufficient granularity to uniquely order the events in a session.

• Versioning:Games regularly change over time as developers add new content or tune
existing content to create a better play experience. Thus, it is necessary to include
versioning information with event logs. The schema includes three “versions.” App
version indicates the sequential version of the game itself. An optional app branch
(sometimes called “app flavor”) may be included. It is often useful to distinguish
between official release versioning and temporary experimental versions, as in A-
B testing, where multiple variations of a game are deployed in parallel. Lastly, log
version indicates a version of the logging schema and internal structure of the event
data or game state elements for a game. These may change in response to changes
to the game itself, or to address shortcomings of the earlier logging code.

• User Data: Beyond merely identifying the player, it may be helpful for some games
to track general information about a user. This may vary from game to game, so
our schema defines a user data element as a dictionary, possibly empty, that maps
sub-element names to values. The choice of sub-elements is completely left to the
implementer, but all chosen sub-elements should be included with every event. That
is, regardless of the specific details of an event, the user data should always have the
same structure.

• Game State: It is often useful to understand the game-specific context in which an
event occurred. The schema thus includes a game state element. Game state is a
dictionary mapping sub-element names to values. These could include the current
level, the player’s current score, or the position of the player character on the game
map. Again, the specific structure of the game state dictionary is decided on a game-
by-game basis, but within a given game the structure should not vary from event to
event.

• Event Data: This category includes an event name, an event source, and event data.
The event name is a string indicating the specific type of event that occurred. Exam-
ples might include text_click, level_complete, or display_image. We recommend a
convention using a noun_verb format (e.g. text_click) to name player action and
progression events, and a verb_noun format (e.g. display_image) for system feed-
back events. Event source simply indicates whether the event was generated by the
game, or created in post-processing. Finally, event data is a name-value dictionary,
like game state and user data. Unlike those other elements, the internal structure of
event datawill vary across events. For example, a text_click might have only a single
sub-element containing the text that was clicked. On the other hand, a display_image
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event might include sub-elements for the name and dimensions of the image file being
displayed. Note that all other elements of the schema have been common across all
events in a game. Regardless of a game’s details, every event includes identifiers, a
time, and version information. Based on the details of a specific game, we can define
data that describes a user or a game state, which again has a common structure across
all of that game’s events. In this category of schema element, we finally address spe-
cific details that vary by event type. This is a conscious design choice; by isolating
event-specific details to a few elements, we are able to maintain a generally uniform
interface for the pipeline to interact with event data.

Game Clients
Processing of event data necessarily begins with the collection of event logs from the
game itself. Logging should be loosely coupled with the game, such that it does not
impact the player’s experience in any meaningful way. To this end, our infrastructure
provides client libraries (currently available for Unity3d and JavaScript development
environments) that may be included as modules in a game project. These reduce the
need for ad-hoc implementations, shortening development time.

To integrate a client library, the game developer should first play through their game,
identifying each distinct type of event, and specifying the appropriate event data elements
for each event type. Logging can then be implemented via calls to a logger function in the
programming interface of the appropriate client library, which is designed to encourage
best practices and will structure data according to the event schema described in the
previous section.

Game Log Storage
As events are sent from instances of a game, they must be received and stored for later
analysis. A key concern here is scalability. For example, over the last three years, we have
collected approximately 1.5 billion individual events across 17 games. This staggering
amount of research data needs to be stored inexpensively and accessed rapidly.

In order to decouple the receipt of data from any one storage vendor or technology,
Open Game Data provides a simple “catcher” PHP script as an intermediate between
game client and storage. While many vendors provide APIs to directly interact with
storage, this intermediate ensures already-deployed games will not need to be modified
in the event of migration to a new storage system. The “catcher” is designed to only
insert into storage, never modifying or removing existing data. This simplicity helps to
minimize maintenance costs, which typically outweigh storage costs.

We utilize a two-part data storage solution, consisting of “short-term” and “long-
term” databases. Data is initiallywritten into the short-termdatabase, and a daily automa-
tion script copies all new events to long-term storage. Events remain in short-term storage
for one week, leaving a time buffer for detection and fixing of any copy errors, before
data is lost. The short-term database, then, maintains a relatively small and stable size,
growing only as new games are added to the system. This makes it suitable as a data
source for real-time tools, which need fast access to only the most recent events. The
long-term database, on the other hand, grows daily. In order to maintain performance,
this database should be segmented by time so that it does not need to search through
years of data to find a given session or segment of the population.
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In our implementation, we use a locally-hosted MySQL database for short-term
storage. This system is relatively slow and expensive at scale, but fast for small datasets.
For long-term archival storage, we turn to 3rd-party vendors, in this case Google’s
BigQuery. By using a 3rd party product, we further reduce maintenance costs, and the
cost for raw storage at the time of writing was approximately $10/year for each year of
data stored.

Data Transformations
The most complex stage of the pipeline is data transformation. This phase can be viewed
as a sub-pipeline, with steps for generation of new events; extraction of session, player,
and population features; and training and evaluation of models. These transforms are
performed nondestructively, such that old data is never directly modified. In addition,
the transforms use a “one-pass” approach that ensures each piece of data need only be
retrieved once from storage, saving data transfer times that often plague ad-hoc feature
engineering.

The first transform adds new, calculated events to the overall event dataset. These
are produced by “detectors”, and we refer to this as the detector phase. As discussed
previously, the game should only log “objective” events that are accounted for by the
game system itself. This transform handles the “other” events that may be based on
shifting or subjective definitions.

The next transform is the “feature” phase, in which “extractors” convert the event
stream to a set of summary descriptions of sessions, players, and/or populations. Each of
these three levels of granularity may be calculated in parallel during this phase. A feature
may be a simple summary statistic, such as a count of button clicks, or a compound data
structure, such as a list of levels completed.

The third transformation takes feature and event data and produces trained machine
learning models of player behavior. Implementation of this stage of the data transfor-
mation sub-pipeline is a matter of future work; we discuss it further in Sect. 5.

All data transforms are implemented in Python, the primary programming language
of data science. To maintain flexibility and modularity, each event detector and feature
extractor is written as an individual Python class. Each of these classes implements a
filter for types of events to analyze, an update rule that executes on each accepted event,
and a generation rule that produces either a new event (in the case of a detector) or a value
(in the case of a feature). This makes it easy to add or remove detectors and features,
allowing specific configurations for different analyses.

3.3 Data Sharing and Automation

The primary unit of data sharing in Open Game Data is the dataset file. The goal here is
to provide easily-shareable files in a consistent, automated way. We also provide APIs
for live, dynamic access to data. Together, these not only enable the use of different
toolsets for game data analysis, but provide resources to support our goal of creating a
community for open science.

File Production. File outputs from theOpenGameData pipeline aremeant to be easily-
shareable, both in terms of ease-of-access and ease-of-use. Files are given in a popular,
vendor-agnostic tabular form, tab-separated value (TSV) files.
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Monthly file generation is automatedwith theActions feature of theGitHubplatform.
These export scripts generate files for each game with the prior month’s raw events.
For games that have some event detectors or feature extractors, files are created with
combined raw and generated events, session-level features, player-level features, and/or
population-level features. These are automatically uploaded to the Open Game Data
website, discussed in a later section.

APIs. The Open Game Data RESTful APIs provide real-time access to data for web-
baseddata tools.WeprovideAPI endpoints for eachof the levels of granularity previously
discussed. To maximize compatibility with the existing Python implementation of the
data transformation stage, the API endpoints are developed in the Flask framework.
This framework is itself written in Python and designed to run Python pto service API
requests, so the same code can be used for the APIs as file generation.

Website. The Open Game Data website is central to the overall mission of the project,
serving as the primary end-user interface for discovering and accessing open data, open
analysis, open materials and open access research products. The front page of the site
describes the project, encourages participation from various stakeholder groups, and
most importantly, links to the individual game pages (Fig. 2 left). An API call populates
the page on load, cataloging the games that are currently available and a count of the
number of gameplay sessions available for download.

Clicking each of the games triggers the load from another API that retrieves every-
thing available for that game (Fig. 2 right). Each month of data available for the game
is displayed as a graph and clicking on a month loads the data pipeline. Currently, the
pipeline provides links to downloadable files for the raw events, calculated events and
calculated features at the session, player and population level. Also in the pipeline are
links to the analysis code that was used during each transformation. For example, click-
ing on the detectors link in the pipeline will link to the GitHub repository and subfolder
where each detector’s python code is stored.

Each game page displays published research artifacts that utilize the game’s data.
The publications link to the openly available document itself, typically a PDF file, as
well as to a GitHub repository for any analysis code that was used to write that paper.

Finally, each game page provides a link to the game’s source code itself. In line with
the Open materials component of open science, this provides the research community
transparent documentation of exactly how each game is designed and how it produces
data. It also provides a significant starting asset for modification in service of a novel
but related research endeavor.

4 Use Cases

4.1 Visualizing Game Play and Student Change

Cool It was a game designed to teach design principles of cryogenic engineering, an
advanced topic within mechanical engineering. Pfotenhauer et al. [27] describe how
game telemetry data, captured by the technology that would eventually become Open
Game Data, allowed research designers to develop visualizations of player actions and
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Fig. 2. The homepage (left) and a single game page (right) on the Open Game Data website

differentiate between expert and novice behavior. At the end of this work, the team
was able to visualize a player model that described their understanding between each
independent and dependent variable in the game’s simulation andwatch a player develop
those understandings over time.

Lakeland is a game designed to teach about the systems of farming and phosphorus
runoff that cause algae blooms in lakes. The game targets grade 7–9 students learning in
earth systems and life sciences. In 2021, Scianna et al. [31] used open game data captured
over the month of December 2019 in combination with a method known as epistemic
network analysis (ENA) [33] to visualize and contrast player’s initial and second attempts
playing Lakeland (see Fig. 3). The researchers found that the more expert players (the
blue network) responded to gameplay events differently than the novice players (the red
network). ENA analysis of game logs provided a way to see that novice players received
more negative feedback from the game system and that feedback was connected with
players’ development of short term responses. In contrast, experienced players utilized
more long-term strategies and did more of their planning in relation to the availability
of new resources.

4.2 Deriving and Visualization Player Typologies

Educational game designers will always be interested in ways to understand their audi-
ences and how those audiences are interacting with the game. Swanson et al. [38] used
data from Lakeland, in combination with the unsupervised K-means clustering algo-
rithm to mathematically summarize 30,000 unique player sessions into a small number
of categories that could be qualitatively described. The researchers describe their pro-
cess of feature selection, dimension reduction and algorithm tuning to sort each play
session into clusters, then describe these clusters in relationship to each other and key
features of the game’s design. They performed this operation three times to explore
clusters of player actions (i.e. strategy), clusters of game feedback and clusters of player
progression in the game. The results were visualized with radar plots and qualitatively
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Fig. 3. An ENA visualization of new (red) vs. returning (blue) players of Lakeland (Color figure
online)

interpreted (see Fig. 4 for an example). The analysis revealed the comparative size of
different experiences (i.e. howmany players used each strategy or progressed in a similar
way) and suggested specific changes to the design to better align with the game’s goals.

Fig. 4. Player action clusters for Lakeland

4.3 Predicting Outcomes on External Learning Measures

Many would argue that any learning game acts as an assessment of the players’ skill
and knowledge [9, 37], but assessment experts would caution that any use of a game
to assess must first undergo a validity assessment. In Gagnon et al. [8], researchers
embedded traditional multiple choice assessment items into the game to measure stu-
dent understanding of key concepts within each of the games. The study utilized two
games, Crystal Cave and Wave Combinator. In Crystal Cave, players are tasked with
arranging differentmolecules tomaximize the stability of the resulting structure. InWave
Combinator, players are presented visually with a wave and must adjust two signal gen-
erators to produce a resulting wave that closely matches the original. For both games,
researchers found that a logistic regression model trained on features of approximately
5,000 gameplay sessions was able to aid the prediction of how students would perform
on the embedded assessments.

In a more complex example, Kim et al. [14] studied Wake: Tales from the Aqualab,
a game designed to teach the scientific practices of experimentation, modeling and
argumentation in the context of aquatic life science topics such as food webs and pho-
tosynthesis. For this project, learners played the game for 5–7 class periods over two
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weeks, then were given a performance assessment, developed from existing measures,
to score their post-game understanding of each science practice. Following the work in
progress paper, the team will be identifying key performance metrics of the gameplay
data and using them to build models that predict scores on the performance assessment.

4.4 Learning Engineering to Empirically Validate Design Theory

Educational video games are as much art as they are science. Learning theories cer-
tainly (should) inform the design process, but many decisions from art style, character
representation, user interface and even music are made by the creative team. As Clarke
et al. [4] conclude in their game efficacy meta-analysis, video game studies have moved
from empirical studies assessing if games are useful for education and into a phase of
attempting to understand how different components of their design support learning, and
for whom. We believe that Learning Engineering may be the methodological approach
to answering this call.

Learning Engineering is an emerging method for iteratively leveraging empirically
based experiments to improve learning outcomes, specifically with digital learning inter-
ventions [3]. Common practices include A/B testing, educational data mining, and
dataset generation. Applied to game research, learning engineering allows a design
theory to be tested in terms of specific learning outcomes, producing evidence for or
against the validity of a given theory.

Gagnon et al. [7] utilized learning engineering practices to study the design of Jo
Wilder and the Capitol Case, a grade 3–5 history practices game. As part of the research,
the team developed four distinct versions of the script, embedded questionnaire items
into the game, then randomly deployed the different versions to over 11,000 students. The
results surprised the designers, showing that none of the designs led to higher completion
rates, and that some of the design choices were a poor fit for the age group.

Another study by Slater et al. [36] utilized the same Jo Wilder and the Capitol
Case dataset but with different analysis approaches. This team began by developing
a five group taxonomy of player attitudes using Latent Class Analysis, then studied
these groups’ reactions to each of the four scripts. The research highlighted the effect of
different scripts for each audiences.

4.5 Developing Real Time Analytics to Support Instruction

Inspired by work such as Holstein et al. [10] with instructional tutors, Swanson et al.
[39] utilized the real time components of Open Game Data to develop a web-based tool
that would provide educators with insights into their students’ learning experience while
they were playing the game. This project utilized Lakeland, partially due to the complex
systems involved in a real time strategy game and challenge for educators to assess
student progress simply by looking at their screen at a moment in time. The project
explored the key analysis that educators sought through a series of co-design activities,
then tested a prototype of a real time tool in authentic learning contexts, concluding that
much more effort should be put in developing these sorts of educator support tools for
learning games.
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5 Future Work and Extensions to Infrastructure

Several new capacities are planned or currently being developed to extend Open Game
Data capabilities. All of these have been piloted at least once but haven’t yet been
developed as repeatable infrastructure.

Prototyping is underway to develop replay capabilities for games that were created
using the Unity3d game engine. This new system allows the raw telemetry events gen-
erated by a player to be fed back into a version of the game, creating a time accurate
replay of the entire experience, akin to a video recording of the experience, but much
smaller and more flexible. This capability will then be combined with an annotation
interface, allowing qualitative researchers to assign codes to segments of game play.
These codes can be used to train detectors and automatically code new data without
human intervention.

A system to support experiments and facilitate A/B testing is currently in planning.
While the infrastructure to log data frommultiple versions of a game is currently in place,
a system to describe the changes between the versions of the game and automate assign-
ment of a player to each version is not. Optimally this systemwould allow an experiment
to be proposed completely online, defining rules for how the audience is assigned (ran-
domly or based on some criteria) and parameters for the custom configuration in each
game version, all without recompiling or deploying the game.

The addition of models, model training and model evaluation into the data pipeline
is currently being explored. This entails integrating the capacity for common models,
such as regressions, decision trees and neural networks to be added directly into the data
pipeline. They would be continually trained on incoming data and their outputs available
via API as well as in the automated file exports.

6 Conclusion

The paper describes the background and promise of educational games for teaching and
assessment, especially when combined with educational data mining approaches. We
then explore the notion of Open Science as a movement to improve scientific rigor while
accelerating its progress and expanding participation. Open Game Data is a natural
extension of these ideas and has already been utilized for several educational game
research projects. This paper focuses on infrastructure and details a data pipeline that
begins with telemetry events being generated by a learning game and ends with a website
that makes datasets, analysis and research products available openly.

This paper outlines our thinking at an important point in time for the project, as it
transitions from a tool used by a few researchers into a shared infrastructure intended
to be informed by and support the research of a much wider audience. In the next year,
many games are scheduled for integration, new analysis and visualization features are
being developed and workshops are being facilitated to jumpstart new research projects.
If successful, novel learning game scholarship will flourish by audiences that previously
would not have been able to participate, due to cost or access.
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Abstract. Assessing a player’s performance is an essential part of gam-
ified applications or serious games. For keyboard practice in the musical
domain, an established approach is comparing played keys and a fixed
MIDI score. However, concerning the evaluation of live performances (the
actual keyboard playing and not to confuse with the stage public perfor-
mance) within gamified technologies, only little is known. In this work, we
investigate evaluating the live and improvised performance of keyboard-
ers within a gamified E-Learning app. We introduce three performance
criteria based on underlying musical concepts, again each composed of
three sub-criteria, and provide abstract definitions for them whose imple-
mentation in a software system depends on application-specific param-
eters (e.g., keyboard hardware, sound generation software, and chord
progression). Based on the results of an expert user study, we conclude
that our performance criteria correctness and playing style are well gen-
eralizable and could offer meaningful insight into the abilities of live
keyboard performance, whereas the sound usage criterion was perceived
as diverse, depending on our participants’ genre-expertise.

Keywords: Game Performance Evaluation · Gamification ·
E-Learning · Live Keyboard Performance

1 Introduction

Learning to play an instrument alone can be cumbersome. Even knowing how
to play, learning to play together with other musicians, and performing music
live and in front of an audience usually requires a lot of practice together and
involves various challenges. For example, in larger ensembles, musicians might
not always be available for practice, and issues that can occur in live situations
- such as hardware faults or a change of plans to adapt to the audience - are
difficult to prepare and practice in rehearsal spaces.

Established software solutions that help musicians learn their instrument,
such as Skoove [10] or Yousician [15], focus primarily on teaching tone theory
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and motor sequences and place emphasis on correctly replaying songs. They
provide temporal note visualizations and the comparison of played notes and
the song arrangement. Learning to deal with live-situations requires additional
audiovisual components, e.g., looking at virtual band members who might give
certain cues (e.g., auditory: band member announces chord progressions through
talkback microphone). The questions are raised: How can E-Learning technolo-
gies be designed to support musicians practicing for live events? And how can
the musicians’ live performances be evaluated in software systems?

In this paper, we address particularly the latter question in the context of
gamified E-Learning technology and make the following contribution:

– We introduce Worship Keys Performer (WKP) – a gamified E-Learning appli-
cation for practicing live keyboard play in the context of church music – and
elaborate on its design decisions.

– Based on findings from our literature research, design rationale, and semi-
structured expert interviews, we introduce a set of performance evaluation
criteria. Since musical perception is highly subjective and parameters may
strongly vary dependent on hard- and software components of a system, we
formulate the criteria as soft guidelines, to be used by practitioners and devel-
opers.

– We implemented our concepts and used a prototype within an expert user
study, where we evaluate the proposed performance criteria and state conclu-
sions and lessons learned based on the user study’s results.

The remainder of this paper is structured as follows: We discuss related work
in the next section. In Sect. 3, we present our gamified E-Learning design aspects.
Thereafter, we introduce the live keyboard performance evaluation concepts.
Section 5 describes our user study. Finally, we provide a conclusion and point
out directions for future work.

2 Related Work

Jordan [7] explores how to practice piano most effectively. In addition to training
motor skills, he elaborates on the importance to practice both necessary psycho-
logical conditions and circumstances as well as excitement and concentration.
This allows the mental state that is conducive to a performance situation to
be easily retrieved when needed. As conclusion, mental practice for live perfor-
mances may help avoid dropouts, for example, by practicing disrupting incidents
that are otherwise only found in a real performance situation.

Margoudi et al. [11] conducted a study focusing on the learning of musical
instruments through computer games, e.g., to motivate music students to learn.
They concluded that popular audio-based games such as Guitar Hero or Rock
Band, which are not primarily designed to impart knowledge, do not achieve
significant learning outcomes. Margoudi et al. [11] also advise that the use of
competition in design should be well considered, as it can have a negative effect
on the user through competitive behavior. Tobias [14] specifies this problem:
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Some users approach games competitively and thus would focus more on scoring
points than on the actual musical performance.

Kim et al. [8] provide an overview of the current state of automated piano
performance assessment in the context of music teaching. Their work concludes
that the accuracy of existing performance assessment systems has not yet reached
the level of a teacher. They also notice that machine learning models can be
subject to the bias effect, i.e., biased and distorted by different musical genres
and difficulty levels of pieces, through most available piano performance data
sets, and thus might only be useful for a very specific tuple of (genre, difficulty).

One conclusion drawn by Busse’s study [3], which investigates the expres-
siveness of a piano performance, is that each user had a distinct style, as per
different note placement values, note lengths, and velocities were measured. It
can be concluded that a feedback system should leave adequate room for impro-
visation and musical expression when measuring accuracy and other parameters,
so as not to push users too much in a certain direction. Also, to evaluate the
musical expression of a user, rather short performance excerpts (e.g., a few bars)
should be analyzed separately in order to be able to include the corresponding
context of the situation (dynamics of the other musicians, required emotion, etc.)
in the evaluation.

Work by Duvall [6] explores real-time performance evaluation using MIDI
technologies with beginning piano students. He emphasizes the difference
between qualitative and quantitative feedback and posits that detailed quanti-
tative feedback is more interesting for the teacher of a beginning piano student.
In contrast, short, significant, direct, and qualitative feedback is most useful
to beginners themselves. To store information about real-time performances,
Duvall [6] used a time division system, since concrete time stamps would impose
too heavy a data load. Time division was based on tempo, with delta times
stored for each occurrence of a note in relation to the time step currently being
considered. Variance given for the preservation of musical expression was stated
to be important. The work suggests 96 ticks to represent a quarter note. One
challenge that arose during this work was recognizing and evaluating chords
since associated notes would enter the system in different orders.

With the exception of Jordan-Miller’s study [7], though not focusing on tech-
nological aspects, none of the studies focused on live musical settings. A number
of further current studies exist that develop learning-based applications with
gamification use or serious games for learning to play the piano with a wide
variety of approaches [1,2,4,9,12,13]. These mostly describe the concepts and
possible implementation approaches, but do not draw conclusions from empiri-
cal methods such as user testing. Also, most studies lack evaluating the musical
expression, which is, however, elementary for the sound quality of music pieces.
Finally, our literature research has shown, that general criteria for evaluating
keyboard player performances in live situations are missing.
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3 Worship Keys Performer

This section introduces WKP – a gamified E-Learning application for keyboard-
ers in the context of church bands to practice live performances. We designed
and implemented WKP and utilized it for applying our following keyboard per-
formance evaluation concepts. The core design of WKP is based on five aspects:

1) Visualizing a Live Situation:

In order to simulate a live situation, such as a concert setting, we visualize such a
situation including different actors. Among them is the user at the keyboard, but
also other band members of a common rock band formation (drums, guitar, bass,
and singers), speakers/preachers that can enter and exit the stages at different
times, and the audience. An illustration is shown in Fig. 1.

Fig. 1. The image illustrates WKP’s user interface while the user plays with the band.

Users can see information about the currently played song part and the cor-
responding chord sequence on a screen within the scene (Fig. 1 top right). The
keyboard is displayed at the bottom of the screen (Fig. 1). Pressed keys are dis-
played in a dark color, notes held by the sustain pedal are colored in a slightly
lighter color as long as the pedal remains pressed. Above the keyboard, sliders for
the personal in-ear mix are displayed on the left side, and effect knobs for sound
parameters are displayed on the top right side. To the right of the keyboard is a
display that shows the velocity.
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2) Accompanying Band Music and Speaker Tracks:

For generating the sound via the MIDI keyboard, we use an external sound
generation by a digital audio workstation (DAW). This way, users can practice
with their own keyboard sounds they would also utilize live. The same applies to
other sound-modeling plug-ins, e.g., for reverb or shimmer. To simulate the rest
of the band (drums, guitar, bass, and vocals), pre-recorded samples are used.
An alternative implementation would be using MIDI signals and additional vir-
tual instrument audio processor plug-ins (so-called VSTs) to make the approach
more generic, however, since one VST is already running in the background
for the keyboard, additional high-quality plug-ins will challenge the real-time
performance of the application.

3) Simulation of a Music Director:

The music director (MD) communicates the musical journey over the show and
keeps the band in sync. An MD is a core component to be simulated in a dynamic
purpose-bound band context (e.g., such as church or wedding bands). Learning
objectives for users are the understanding of common nomenclature and reac-
tions to an MD’s spontaneous instructions. The top-right screen (Fig. 1) is sup-
posed to simulate planned songs and chord sequences. If a situation is simulated
in which a song or chord progression is not known, it is instead announced by
the MD while the screen remains off.

4) In-Ear-Monitoring:

An important part of live performances is the monitoring. The personal in-
ear mix usually has to be set up by the musicians during the sound check or
a preceding rehearsal. In WKP, the settings are shown at the top-left of the
keyboard (Fig. 1) and can be adjusted by the user at all times.

5) Disruptive Factors:

During a live performance, various disruptive events can occur that can throw a
musician off track. The main goal of simulating such disruptive factors is to avoid
choking by experiencing similar situations and learning how to deal with them.
Examples of disruptive factors we implemented in WKP are (a) Misplays of band
members (e.g., a guitarist playing false chords or tones), (b) volume variances
in the MD’s announcements, (c) wrong announcements of the next parts by the
MD, and (d) technical defects, such as MIDI software crashes, in-ear monitoring
outage, or interfering noise.

4 Live Keyboard Performance Evaluation

We developed our performance evaluation concepts for WKP based on the find-
ings of our literature research, design rationale, and a semi-structured interview
with six domain experts. In contrast to applications we analyzed within our lit-
erature research, our performance evaluation is not based on a direct comparison
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of played keys and a fixed MIDI score. Instead, a played performance is examined
for correctness using statistical means on the basis of multiple evaluation crite-
ria and on how suitable the selected playing style and the sound settings used
were in individual situations. This allows a user to develop creatively within the
given framework (given scale, chord progression, dynamics, etc.). In this section,
we first elaborate on the identified performance criteria for live keyboard per-
formances, and thereafter we describe how we give our users feedback on their
performance.

We propose evaluating the keyboard performance based on three performance
criteria we identified: correctness, playing style, and sound usage. Each criterion
is attributed a score during the analysis, which again is calculated from the
scores of sub-criteria. We do not claim to present a finished or complete list
of suitable performance criteria or sub-criteria but an initial set, based on our
literature research and expert interview results, that serves as a foundation and
a means to an end for investigating the possibilities and usefulness of gamified
E-Learning technology for live musician practice.

Correctness. We measure correctness in WKP by means of three aspects –
chord confidence, tone confidence, and dropouts. Chord confidence describes the
ratio of correctly to incorrectly played chords. In addition to the correctness of
the notes contained, playing at the correct time is also taken into account. For
example, we can evaluate a chord as incorrect when a chord’s bass note was
not played within the first two ticks. Furthermore, it is checked whether notes
necessary for the harmony were played either within the first two ticks or within
its entire validity period. Thus, direct chords as well as quickly played arpeggios
and chords fanned out into a melody can be recognized correctly.

The tonal confidence describes the ratio of correctly to incorrectly played
notes of a scale. In quiet passages, wrong notes are particularly noticeable, for
example in situations where a keyboarder accompanies a speaker. In a band
situation with high dynamics, on the other hand, sporadic false tones are not as
noticeable. For this reason, an acceptable percentage of off-scale tones is stored
in the configuration.

At first sight, dropouts are simple situations when musicians stop playing
even though they are obligated to, which is a serious performance error. However,
measuring dropouts within our dynamic approach that is not based on comparing
played keys with a fixed MIDI score is more challenging. To allow our users to
play rhythmically in parts with medium to high dynamics, resulting in very
short pauses in playing, there is a wider range of acceptability here than in
quiet dynamics, where keyboarders have to fill the silence with a lot of acoustic
space. The use of high reverb settings as well as the use of pad sounds increase
the acceptance range in quiet passages, since more musical space is filled by
evenly playing, and negatively noticeable pauses in playing occur less quickly.
Concerning the score, it is also necessary to prevent competitively oriented users
of gamified applications from taking advantage of not playing at all to achieve
a high tonal confidence score (and thereby simply also not playing any wrong
notes).
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Playing Style. Playing style is evaluated based on the aspects velocity, tight-
ness, and texture. We evaluate the concept of velocity dynamics by measuring if
the average velocity in a sub-section of a song lies within suitable limits, where
suitable is dependent on whether the section is a low or high dynamic part but
also depending on the calibration of the piano VST and the MIDI keyboard.
Furthermore, we take the number of outliers into account. So-called ghost notes
are filtered out beforehand during the analysis of this criterion. These are notes
that are played softly for rhythmic reasons and do not reflect the actual dynam-
ics played. For identifying ghost notes, we utilize the ratio to the highest note
played. The average of both ratios (average and strong outliers) is calculated,
which then forms the velocity score.

We also identified the musical concept of tightness suitable to evaluate the
overall playing style. The term comprises playing to the rhythm evenly and
cleanly. For evaluation, the standard deviation (SD) of the mentioned Delta-
Times of the played notes is calculated, whereby there is a tolerance limit that
allows a margin for musical expression. If a player has a tendency to play all
notes minimally earlier than other players, this does not carry any weight due to
the relative consideration of the SD. Tightness is only important for parts with
medium dynamics and above since arpeggios can be frequently used in quiet pas-
sages and cannot be evaluated using this criterion. Therefore, only parts in which
tightness can be measured meaningfully are considered in the overall evaluation.

The concept of musical texture refers to the relation among simultaneous
lines in the written music score and comprises the height and the density (the
numbers of lines or the distance between them). We developed the following
three rules based on the timbre descriptions of Bernays and Traube [1]:

1. At lower dynamics (e.g. in calm parts), fewer keys are played simultaneously,
and at high dynamics, more keys are used. The average number of the keys
played at the same time is calculated, whereby keys already pressed or held
by the sustain pedal are not taken into account.

2. At lower dynamics, the keys are struck less frequently, and in high dynamics,
more frequently. Strokes in the left hand (bass notes) are more responsible
for the perceived dynamic than high notes in the right hand, which is why
they are more important in the evaluation.

3. At lower dynamics, high notes are played primarily, and in the case of high
dynamics, low notes are played more, especially in the bass. Simultaneous
playing of low and high notes is interpreted as playing in the middle for the
sake of simplicity.

We calculate the texture score from these three dimensions. Some playing
styles are an exception to these rules of thumb. For example, parts played in
half-time are played less frequently despite higher dynamics. We assume that,
as part of a good playing style, a user follows two of these three rules. Thus,
by following two of these rules, a maximum score of this criterion can still be
achieved. If the disruptive factor bass failure occurred during a part, so that a
player should nevertheless play low bass notes in a quiet part, for example, this
is taken into account in the evaluation.
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Sound Usage. We conduct the evaluation of sound usage through a keyboard’s
adjustment knobs for (1) reverb, (2) the ambient pad, and (3) tone control (tim-
bre). Based on our interviews’ results, we propose using reverb in quieter pas-
sages, particularly when the keyboard player accompanies alone. Thus, a higher
reverb value influences sound usage positively. Similarly, When playing alone, a
pad should be used to fill the soundscape, whereas it is an optional feature in
parts of higher dynamics. We communicate this relation to the user by displaying
the optimal range of the controller at the knob (see green ranges in Fig. 1) for
the pad only when its use is explicitly recommended. For the tone control, limit
values based on a part’s dynamics and the playing style are taken into account
for the evaluation.

Overall Performance Score Calculation Usage. The calculation of the
individual scores is carried out with the following weightings:

(1) correctness = 0.6 * chord confidence + 0.4 * tonal confidence
(2) sound usage = 0.3 * reverb + 0.3 * tone + 0.3 * pad
(3) playing style = 0.15 * velocity + 0.45 * tightness + 0.4 * texture
(4) overall = 0.4 * correctness + 0.3 * sound usage + 0.3 * playing style −
0.6 * dropouts

Dropouts are not directly included in the correctness of the performance but are
deducted from the total score to a certain extent, for being a critical aspect of
live performance. Chord confidence was rated as more important than tonal con-
fidence, since individual off-key notes are less noticeable than chords played com-
pletely incorrectly. In terms of sound use, all three scores were treated equally.
For playing style, the velocity has the greatest perceived influence. On the other
hand, clean rhythmic playing (tightness) is a desirable ability, but it is less
important than other factors in an overall performance.

4.1 User Feedback

We designed the performance evaluation system within our application based
on (1) direct feedback at runtime and (2) overall performance feedback after
a session. To give the users indications as to whether they are doing well or
not while playing, direct feedback is given visually. If a user presses keys whose
notes are not part of the played scale, they are clearly colored red (Fig. 1 at the
keyboard keys). In addition, a shaking animation ensures that the player is more
aware of the use of inappropriate tones. To help the player understand this basis
for evaluation, valid settings for the reverb, tone, and pad effect controls are
visualized by a green coloring of the acceptable range of values (Fig. 1 top right
of the keyboard). The sound usage is illustrated based on the average velocity
played by the user within half a second (Fig. 1 vertical bar on the right side of
the keyboard). Again, a valid area of the bar is highlighted for guidance.

After a session, we provide users with a final performance feedback. Quan-
titative feedback is represented by diagrams and further qualitative feedback
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by text (Fig. 2). The quantitative overview is presented using a bar chart. Both
the total scores of the three performance criteria (correctness, playing style, and
sound usage) and their associated sub-criteria scores are shown (Fig. 2 bottom
right screen). A tool-tip that appears when hovering over a column explains the
respective evaluation criterion and its composition.

Fig. 2. The overview of the user’s musical performance is shown by a bar chart for
each performance criteria, accompanied by an overall score (also visualized by notes),
as well as qualitative feedback on what could be improved.

A parallel coordinates chart is used to display the results for each passage of
a session (Fig. 2) for one particular performance criterion. Each line represents a
sub-criterion and each point represents a score value on the y-axis for a certain
passage (y-axis). Finally, we also give our users qualitative feedback based on
the performance criteria, for example, whether or not the users had a tendency
towards using too much reverb, or bass notes were played too seldom or too
often.

5 Expert User Study

We implemented our concepts in WKP and utilized it to evaluate our proposed
performance evaluation within a moderated expert user study that involved 12
unpaid and voluntary participants (seven male and five female) between 23 and
66 years with Ø 34.0 and SD 11.1. All participants are or were part of a church
band and are experts in the musical domain or sub-domains domain (e.g., music
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teacher, pianist, church musician, etc.). We classified their particular skills at the
keyboard using the Dreyfus Model [5] so that two were classified as advanced,
five as competent, three as proficient and two as expert.

After welcoming and informing our participants about the study procedure,
they were asked to familiarize themselves with the provided MIDI keyboard and
controller. Then we asked our experts to conduct multiple music sessions, each
including both direct and overall performance evaluation. Finally, our partici-
pants filled out a questionnaire that included initial demographic questions and
15 items about the performance evaluation as follows (six open-ended questions
(Q4, Q9, and Q12–15), one 7-point Likert scale (Q10), and eight 7-point semantic
differential scale items (Q1–3, Q5–8. and Q11)). High values indicate a positive
answer. Each test was conducted within the time frame of ˜90 min.

Q1 I found the direct feedback to be... intuitive – counter-intuitive
Q2 I found the direct feedback to be... fair – unfair
Q3 I found the direct feedback to be... accurate – inaccurate
Q4 What direct feedback could help you play even better?
Q5 I found the overall performance evaluation at the end of a session to be...

understandable – not understandable
Q6 I found the overall performance evaluation at the end of a session to be...

fair – unfair
Q7 I found the overall performance evaluation at the end of a session to be...

accurate – inaccurate
Q8 I found the overall performance evaluation at the end of a session to be...

too benevolent – too critical
Q9 What performance evaluation criteria were you missing?

Q10 The line charts with the individual evaluation criteria helped me to assess
my skills.

Q11 I find the suggestions for improvement at the end of a scenario to be...
helpful – not helpful

Q12 These features stood out to me positively.
Q13 These features stood out to me negatively.
Q14 I missed these functions.
Q15 Anything else you want to tell us or didn’t fit previously?

The test setup apparatus, consisting of laptop, a MIDI keyboard, an audio
interface, and corresponding cabling, is illustrated in Fig. 3.

5.1 Analysis

Figure 4 shows box whisker plots for the quantitative questions’ results. For 8,
with a scale from too critical to too benevolent, the optimum lies at the value 3.
For the visualization, we mapped the data (0 = 0, 1 = 2, 2 = 4, 3 = 6, 4 = 4, 5 =
2, 6 = 0). The graph shows that all mean values of the individual questions are
above the neutral value of the scale (3). With regard to the value distributions,
Q8 shows the greatest deviation spans ranging from 0 to 6, and Q5, Q6, and
Q11 the smallest, from 4 to 6. No outliers are present.
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Fig. 3. The MIDI keyboard used was a Yamaha P-155 stage piano and the controller
was a KORG nanoKONTROL.

We conducted Wilcoxon signed-rank tests for the individual questions to
analyze how our concepts were rated compared to a neutral rating (3). With
a threshold for statistical significance of 5%, all individual questions except for
Q8, and Q10 show significant differences. Table 1 shows all p-values, arithmetic
means, and SDs.

Concerning direct feedback, one participant described it as not intuitive for
being distributed over different places on the screen. During the test, comments
such as “You need to get the hang of it where to look” were stated. The green-
marked optimal range of the knobs were addressed by “A matter of practice,
but a good thing if you’ve got it”. Eight of our participants used the knobs only
sporadically while playing and a participant with much live experience noted that

Fig. 4. A Box-whisker plot shows the results of the questions with quantitative answers.
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Table 1. The table shows mean values, SDs, and output of the Wilcoxon signed-rank
tests. All values are rounded to two or four decimal places respectively.

Questions Ø-values SD P-values

Q1 2.83 1.47 p = 0.5755

Q2 4.50 1.09 p = 0.0066

Q3 4.58 1.16 p = 0.0069

Q5 4.83 0.83 p = 0.0022

Q6 5.17 0.94 p = 0.0022

Q7 4.92 0.90 p = 0.0034

Q8 3.67 2.23 p = 0.3077

Q10 4.17 1.75 p = 0.0549

Q11 5.17 0.94 p = 0.0022

one would not use effect knobs as frequently as suggested by the application. Four
participants noted that the use of reverb and tone was a matter of taste in many
situations and that an evaluation should therefore be considered subjective. Five
participants either did not use the velocity bar during the test. One suggested
displaying the self-played velocity over a longer period of time, such as 10 s, to
get a better sense of whether one is playing at the right dynamic on average. The
coloring of the keys as well as the wobbling effect of the keyboard when playing an
off-scale note was commented on positively by three participants. One suggested
marking on the keyboard what the correct keys would have been if a chord was
played incorrectly. Another idea for direct feedback was the coloring of correctly
or incorrectly played chords on the chord screen.

The overall evaluation of a session was highlighted positively twice and
described as unclear once. Both, self-criticism such as “Only four out of five
marks?” and positive remarks were stated. One tester described the overall score
as “very appealing to my ego and perfectionism”. Two participants expressed
the wish for a leaderboard to compare themselves with other players. The piano
teacher commented on the evaluation with “the more critical the better!”.

Table 2 shows the average values of our participants’ performance evaluation
scores as measured by our implementation. To validate our concepts, analyze
which criteria may be treated too favorably or too critically, and draw conclusions
about the influence of competence level, we divided our sub-criteria results into
two groups after our participants’ self-disclosed keyboard skills (A: advanced and
competent, B: proficient and expert). Tonal confidence, dropouts, and velocity
have a very high average value. Chord confidence and velocity are significantly
higher for group B than A, whereby seven of nine values are absolutely higher
for group B. Only pad and dropouts have higher values for group A.

Based on Affinity Diagrams, we also clustered our observations and the par-
ticipant’s comments. Three asked whether chord confidence would also allow
chord extensions and were pleased with the implemented strategy. During the
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Table 2. The table shows the average performance evaluation scores of our partici-
pants, where A represents advanced and competent and B proficient and expert partic-
ipants, and the outcome of Mann Whitney U tests (rounded to two and four decimals
respectively).

Sub-criteria A Ø-values B Ø-values P-values

Chord confidence 0.55 0.64 p = 0.0384

Tonal confidence 0.96 0.97 p = 0.2854

Dropouts 0.97 0.955 p = 0.5919

Reverb 0.59 0.62 p = 0.4882

Tone 0.67 0.68 p = 0.8334

Pad 0.52 0.49 p = 0.9358

Velocity 0.79 0.85 p = 0.0470

Tightness 0.56 0.64 p = 0.1612

Texture 0.68 0.70 p = 0.4329

tests, we observed that three of our participants increasingly kept the foot pedal
pressed beyond chord changes and five did not play bass notes with their left
hand while operating the effect knobs. Both factors interfered with chord con-
fidence. Half of our participants found it difficult to comprehend the dropout
sub-criterion. Particularly, the negative naming connotation of this sub-criterion
was mentioned. Alternative suggestions included continuity and no dropouts.

Ten participants agreed with the qualitative suggestions during the overall
feedback. One commented: “My shortcomings are well met”. Another one noted
that some general tips, such as using more reverb, do not make much sense for
specific playing techniques: “Simply turning in more reverb does not always help,
it also depends on how you play”. The participant proposed to associate these
suggestions with specific parts of a song only. As an idea for additional criteria,
creativity was mentioned twice in connection with the evaluation of improvised
melodies, rhythms, and chord sequences. Further input included the evaluation
of the reaction to unforeseen disturbing factors, the momentum achieved, the
tension arc, and the use of the pedal.

5.2 Discussion

The results show that the direct feedback was largely perceived as fair and
correct, however, sometimes also visualized counter-intuitively. Possible reasons
for this are the lack of a tutorial and the mentioned attention issues during
play. One possible solution is to reposition all feedback UI elements near the
chord sequence screen (Fig. 1 top right) so that there is less need to look around.
Also, the development of different difficulty degrees might address this problem
(one respondent’s idea: optionally leaving the adjustment of the effect knobs to
the game, so that effective use can be learned through observation and reduce
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distractions). The coloring of the keys and the wobbling of the keyboard were
the most noticeable direct feedback and were well received.

The overall evaluation at the end of a session was perceived as comprehen-
sible, fair, and correct, and overall fairer and more correct than direct player
feedback after Tab. 1. The table also shows that our implementation tended to
be perceived as rather too benevolent than too critical. The high SD (Q8), how-
ever, also shows that opinions differed greatly.

The validity of our proposed criteria and sub-criteria is supported by the
higher average scores of group B (higher competence level), under the assumption
that group B as the more experienced keyboard players will also perform better.
The high chord confidence score might be attributed to the use of rather simple
scales during the tests (C major and D major). The high mean value, the low SD,
and various comments suggest that this sub-criteria should be evaluated more
critically. The concept of dropouts was also criticized and should be re-formulated
as a positive criterion. Again, the high mean value and the very low SD indicate a
too benevolent evaluation. Although some participants largely ignored the reverb
setting while playing, their scores were still mostly above 50%. This circumstance
advocates a more critical evaluation of these ratios, making misuse more obvious.
Some comments suggest that evaluating reverb and tone with exclusive reference
to current playing dynamics is not always helpful. A possible solution would be
to use the chosen playing style or technique as an additional reference to provide
more specific feedback. No participant achieved a tightness score above 75%,
which suggests that this sub-criterion can be evaluated somewhat more favorably.
The higher mean score of more experienced testers supports the credibility of
this criterion. Finally, the observation of different keyboard playing techniques
suggests that these should be included in the evaluation of the playing style.

6 Conclusion and Future Work

In this work, we addressed a relevant aspect of serious games and gamified
learning applications in the area of musical education: the evaluation of a user’s
musical performance within the game. We have introduced a set of soft-defined
live keyboard performance evaluation criteria that also can be implemented in
the example of a real-world software example (WKP). By means of the results
of our expert user study, we can conclude that performance evaluation on a
musically improvised performance is strongly dependent on the genre of music
played, the band’s means of application, and the available sound settings of the
keyboard player. If these variables are defined, evaluation criteria and associated
algorithms for correctness, playing style, and sound usage can be defined and
for a specific use-case also implemented to statistically evaluate recorded MIDI
performance data. The implementation of each algorithm in its own evaluation
class provides an overview and enables the simple addition of further criteria.

Particularly, our implementation has indicated, that the proposed perfor-
mance sub-criteria of correctness and playing style can be generalized well and,
according to the study results, offer meaningful insight into the abilities of a
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keyboard player. However, we found that the significance of individual criteria
depends strongly on the validity of the underlying configurations of our softly
defined criteria, and also the hardware used. So actual configurations must be
tweaked from case to case. Future work should focus on collecting a large amount
of performance data from players of different playing levels and styles in order
to then define appropriate fixed value limits or ranges. Notably, more work will
focus on music language to set the algorithm feedback relevant to the style, and
create different branches (e.g., church music, jazz, rock, classical, etc.).

In our use-case of church music bands, the evaluation of sound usage was
perceived as diverse, highly depending on the church music experience of our
participants. To give a player meaningful feedback in future work, here, the
evaluation should not only look at the dynamics played and the band’s playing
style selectively but also take into account how it was played before and after so
that effect control settings can be judged according to realistic standards.

Overall, the majority of our participants were happy being able to get any
concrete feedback and suggestions on their live performance at all, which corrob-
orates the relevance of future efforts to design gamified E-Learning technologies
for live musicians. Besides the performance evaluation criteria as one major
aspect of such technologies, we also suggest future work to focus on the actual
gamified design, to make applications more fun and accessible. Also, since musi-
cal perception is still highly subjective, we take away from the user study that
players should be informed that the feedback we give is based on an assessment of
the musical language and may not reflect on their individual musical expression
or emotion.
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Abstract. In javelin throw, a discipline of athletics, the analysis and cor-
rection of throwing technique are essential components of training and
competition and fundamentally contribute to the performance improve-
ment of athletes. Motion analysis tools are sometimes used to support
coaches, who may easily miss crucial details of the throwing movement
due to high speeds. Existing tools for this purpose require a complex and
location-bound experimental setup and do not operate in real-time due to
their complexity. For this reason, they are often not practical in the context
of training and competition. This paper presents a mobile system for real-
time analysis and assessment of javelin throws utilizing body-worn sensors.
The aim is to offer athletes and coaches a simple and location-independent
method of evaluating relevant movement sequences in real-time. The sys-
tem is based on key throwing movement parameters determined in collab-
oration with athletic coaches. It consists of four body-worn sensors at spe-
cific locations connected to a mobile device using Bluetooth Low Energy.
The analysis of a throwing movement happens immediately after its com-
pletion on the mobile device and provides feedback on potential execution
errors. The developed system is evaluated in a study of 28 participants
divided into four performance classes and three different recording con-
ditions. During each recording session, a professional coach was present
to assess the accuracy of generated feedback. Our results suggest that the
developed systemprovides helpful feedback on the javelin throwmovement
for all performance classes except beginners, in some cases even surpassing
the accuracy of licensed coaches.

Keywords: Movement Analysis · Javelin Throw · Sensor Systems

1 Introduction

Fast movements can be challenging to follow and analyze with the human eye.
For this reason, technological aids are increasingly used in the motion analysis of
rapid sequences in sports. Currently, these rely primarily on video data, are often
difficult to set up, and cannot be used in all settings such as specific weather con-
ditions. Body-worn sensors for motion detection are gaining popularity and offer
a cost-effective and easy-to-handle method for analyzing movements. This work
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explores the opportunities and limitations in analyzing and assessing throwing
movements using body-worn sensors, focusing on the javelin throw.

In the javelin throw, an athletics discipline that has been part of the Olympic
Games since 1908, the goal is to throw the javelin as far as possible after a run-
up movement. The result of the javelin throw, the distance, is determined not
only by the thrower’s strength but primarily by the technical execution of the
movement sequence. For this reason, its analysis and improvement are essential
components of training and competition.

At this point, a coach typically analyzes throwing movements manually,
sometimes using recorded video footage. In doing so, the coach may miss essential
execution errors due to its comparatively high speed and complexity, the limited
visibility of some parameters, or human error, depending on their experience and
competence [19]. Whereas video footage can improve manual assessment by slow-
ing down the movement, small body movements may still be concealed, which
may result in execution errors being missed. Additionally, a suitably trained
coach may not always be available to an athlete.

Therefore, we present a system utilizing body-worn sensors to analyze move-
ment sequences of javelin throws and provide automated feedback. Coaches can
use such a system to improve their analysis by providing data that may not be
visible on video footage. Meanwhile, athletes can also use it to receive feedback
and improve their technique when a coach is unavailable. To determine the appli-
cability of the presented system for different performance groups and recording
conditions, we conducted a study with 28 participants ranging from beginners
to squad athletes.

2 Related Work

To our knowledge, no related work exists on the analysis of javelin throw move-
ment sequences using body-worn sensors. We, therefore, divide the related work
into two categories: Javelin throw analysis not limited to body-worn sensors and
throw analysis using body-worn sensors not limited to javelin throwing.

2.1 Javelin Throw Analysis

Habbard et al. [8] present a system for the estimation of release conditions in the
javelin throw using video footage. The system utilizes the video data to estimate
throw conditions which are then graphically displayed and used to simulate the
throw and subsequent flight of the javelin. This simulation is based on their
previous work on optimal javelin flight trajectories and their simulation [7,9].

Elumalai et al. [5] present a system to track javelin throw athletes’ physio-
logical parameters such as blood pressure and heart rate for training purposes.
Since physiological parameters alone are insufficient for the analysis of an indi-
vidual javelin throw, they would have to be combined with sensor data such as
presented by Lara et al. [13] for human activity recognition.
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Särkkä et al. [17] present an approach to measure the release speed, launch
angle, and flight path of the javelin using an inertial measurement unit (IMU)
that was integrated into the tip of the javelin, augmented with video sequence
data. Their system allows for estimating the attitude, position, and velocity of
the javelin from the run-up to the point of landing. This data can then be utilized
to analyze and compare different throwing techniques.

It is worth mentioning that none of the systems we could find in existing
literature directly addresses the full-body movement during the run-up and the
javelin throw.

2.2 Throw Analysis Using Body-Worn Sensors

Koda et al. [12] developed a method for estimating the three-dimensional tra-
jectories of the arm and its orientation during the pitching motion in baseball.
To this end, two IMUs were attached to the upper and lower arm of the ath-
letes. Experimental comparisons with a conventionally used video-based analysis
showed that the system could accurately determine the trajectory and orienta-
tion of the throwing arm. A similar conclusion was drawn by Boddy et al [2]
when using the motusBASEBALL3 IMU attached to the elbow of the athletes.
They compare the results obtained to those of a marker-based motion analysis
of an optoelectronic measurement system. They conclude that the IMU can be
used as a cost-effective alternative for capturing arm usage, shoulder rotation,
and load metrics. In their review [14], Noh et al. conclude that IMUs are cur-
rently not widely used in the throw analysis of athletic disciplines. Examples of
their usage include the discus throw [3], the hammer throw [18,19], and shot
put [6].

3 Javelin Throw Movement Sequence

To design a system for the analysis of the javelin throw, it is necessary to define
a correct javelin throw movement sequence and its key parameters that lead to
an optimal throw, i.e., a throw resulting in the maximum throw distance for a
given individual. For this purpose, we consulted professional athletic coaches, the
official framework training plan of the German Athletics Association (DLV) [11],
and the official World Athletics (WA) track & field book [15,16].

A javelin throw typically consists of between 11 and 15 steps and can be seen
as a sequence of the following four movements (see Fig. 1): The cyclic part of
the run-up, the acyclic part of the run-up, the throwing motion, and the follow-
through. The follow-through can be ignored in the movement analysis as it has
no direct effect on the resulting throw distance. The correct technical execution
of the movement sequence is considered a major determinant of the launch speed.
Thus the preparation for the throw during the acyclic run-up and the throwing
motion itself are particularly relevant [11]. The following parameters are essential
to enable an efficient transfer of energy to the javelin:
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Fig. 1. Full motion of a javelin throw by Struder et al. [15].

– Sufficient upper body recline during the last step
– Sufficient hip engagement between the placement of the driving leg and the

downward striking placement of the bracing leg
– No lateral bending of the trunk which reduces the energy transfer in the throw

direction
– Javelin release angle between 34◦ and 38◦, depending on wind velocity
– Javelin angle of attack with a maximum difference of 5◦ to the release angle
– Javelin tilt angle smaller than 10◦

– Correct sequence of movement phases

In particular, the correct sequence of movement phases consists of the fol-
lowing movements in the correct order:

1. Penultimate step before the throw (bracing leg)
2. Impulse step (driving leg)
3. Hip engagement
4. Bracing step (bracing leg)
5. Start of the throwing motion
6. Release of the javelin

4 System Design

Our system consists of a hardware setup to record sensor data and a software
system to analyze recorded movement sensor data. They were developed in con-
junction as their requirements depend on one another.
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4.1 Hardware Setup

Our hardware setup consists of four sensor boards, each equipped with an
LSM6DSL [1] inertial measurement unit, connected to an Android smartphone
using Bluetooth Low Energy (BLE). Inertial measurement units such as the
LSM6DSL consisting of an accelerometer and a gyroscope are widely available,
integrated into most modern mobile devices, and commonly used for activity
recognition [4,10,14]. The sensor boards are carried inside the pocket of a sweat-
band as depicted in Fig. 2a.

We determined that the best sensor positions for our system are at the fore-
arm of the dominant hand, at both ankles, and at the hip (see Fig. 2b). Each of
these positions captures a specific part of the javelin throw: The throwing motion
is captured at the dominant hand, individual steps at the respective foot, and the
hip rotation at the hip. The thighs and upper arms were disregarded as sensor
positions because they provided no relevant information we could not already
observe at the ankles and lower arms, respectively. The non-dominant arm was
also disregarded as its movement is not particularly relevant to the analysis.
Using a Bluetooth Low Energy (BLE) connection, all four sensor boards send
their recorded data to the connected Android smartphone in real time. To mini-
mize the impact of recording and transmission issues on the movement analysis,
the sensor data is first pre-processed on the smartphone. The pre-processing con-
sists of the synchronization of data timestamps and interpolation of individual
data if they are found missing.

Fig. 2. Sensor setup consisting of four sweat bands and sensor boards.
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4.2 Movement Analysis

After consulting coaches about which parameters (see Sect. 3) would be of par-
ticular importance to them, we decided to exclude parameters that a human
bystander or camera-based system can visually verify. These include the upper
body recline, lateral bending, and the release, attack, and tilt angles of the
javelin. We, therefore, focus on the correct sequence of movement phases and
sufficient hip engagement.

Our empirical results suggest that the gyroscope provides no additional bene-
fit to the movement analysis. Its peaks generally mirror the peaks in acceleration
and therefore provide no additional value when determining when specific parts
of the movement sequence occur. Meanwhile, we found its values too inaccu-
rate when determining the total hip rotation during the throwing motion. Our
system, therefore, uses accelerometer values exclusively.

Sensor Orientation. In most cases, the total vector length can be utilized
and individual axis values do not need to be considered. However, to accurately
capture the hip movement, the acceleration’s direction is essential; thus, the
orientation of sensor axes needs to be consistent to ensure consistent results. For
this purpose, we ensured that during our recordings the orientation of sensors
would always adhere to Fig. 3. In a commercial application, a calibration process
could ensure that sensor axes are consistent between different recordings without
relying on users to pay attention to sensor orientation.

Throwing Motion. In the first step, we determine when the javelin is released
by finding the peak value of the acceleration vector length of the throwing arm.
We also determine the start of the active arm motion by finding the last valley
before the release time, which must occur after setting the impulse step. Since
we determine the time of the impulse step in a later step, we can then determine
whether the active arm motion has started too early. We found this way of
determining the javelin release time and the start of the active arm motion to be
accurate as long as the rough form of a throwing motion is respected. Lastly, we
mirror the time span between the start of the active arm motion and the javelin
release time to approximate the end of the throwing motion.

Bracing Leg. The time of the bracing step is determined by finding the last
peak of the bracing leg’s acceleration vector before the previously approximated
end of the throwing motion. However, we found that sliding the bracing leg could
sometimes be mistakenly counted as a step. Therefore, we additionally consider
the second last peak and determine it as the bracing step if its value is at least
1.5 times as high as the last peak. The same is done for the penultimate step
before the throw, starting at the time of the impulse step as determined in the
next step.
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Fig. 3. Orientation of sensor board axes.

Driving Leg. In this step, the time of the impulse step is determined akin to
the time of the bracing step, using the diving leg’s sensor data. However, instead
of choosing the last peak before the approximated end of the throwing motion,
the last peak before the start of the bracing step motion is taken instead. This
is necessary because some athletes have the habit of lifting the driving leg off
the ground again while setting the bracing leg. If not adequately accounted for,
this can be erroneously detected as the impulse step.

Hip Engagement. Hip engagement is the smallest movement in the sequence
and subsequently, the most difficult for a coach to identify. In this case, individual
axes of the sensor at the hip must be considered as there is a simultaneous
positive x-axis peak and negative z-axis peak when the bracing step is set. We
find the time of this negative z-axis peak as the largest peak between the time of
the impulse step and the javelin release time. We then attempt to find a positive
z-axis peak between this time and the javelin release time. If no such peak exists,
the hip engagement is considered insufficient.

Assessment Generation. In the last step, the data collected in the previous
steps are combined to generate feedback for the athlete. The previously deter-
mined time stamps of key movements are assessed for the following execution
errors:
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1. No analysis possible
2. No hip engagement
3. Hip engagement before impulse step
4. Maximum hip engagement after bracing step
5. Bracing step after javelin release time

No analysis possible typically means that there was faulty or missing data and
does not necessarily suggest an error in the execution of the javelin throw.

In addition to all found errors, the user is provided with the acceleration at
the time of javelin release and three different periods that coaches considered
to be important for their analysis: The time between the impulse step and hip
engagement, the time between hip engagement and the bracing step, and the
time between the bracing step and the release of the javelin. Figure 4 shows an
exemplary analysis sheet created for a subject study participant. The center
shows a plot of the recorded sensor data with time stamps for key movements of
the movement sequence. Below the plot, you find the feedback as detailed above.
In this example, no errors were found. Also included are images for each key
movement taken from a synchronized video. The video data is recorded purely
for evaluation purposes and is not used by our movement analysis system.

5 Subject Study

We conducted a subject study with 28 athletes (14 men, 14 women) between 18
and 25 years of age (20.2 years average), divided into four performance classes
and three recording conditions (indoor, rainy outdoors, sunny outdoors). Three
athletes participated twice each, once indoors and once outdoors, resulting in
31 datasets in total, each consisting of five recordings. The performance class
of each athlete was determined by their respective coach using the following
criteria:

– Performance class 1 are beginners with little to no experience
– Performance class 2 are athletes who have mastered the rough form, including

mainly multi-event athletes who do not train javelin throwing intensively
– Performance class 3 are athletes who have mastered the fine form, includ-

ing javelin throwers competing in competitions and multi-event athletes that
regularly carry out javelin throwing training

– Performance class 4 are primarily squad athletes who have mastered the
finest form of javelin throwing

Table 1 shows the participants divided by performance class and recording con-
ditions. During each recording session, a supervisor and a coach were present.
The supervisor introduced the athlete to the system and ensured that the sensors
were worn correctly and that the sensor and video data were recorded without
failures. The coaches knew the relevant types of execution errors as detailed in
Sect. 4.2 and were instructed to evaluate the javelin throws performed as usual,
documenting all the errors in the movement sequence they could find. A micro-
phone was also used to record their comments during the recording session.
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Fig. 4. Exemplary analysis sheet generated during subject study.

After each recording session, our system feedback was compared with the
coach’s feedback. During this process, the coach had access to the recorded
video data in a sports analysis application, allowing them to go through indi-
vidual frames to better determine whether they or the system were correct.
An assessment was considered correct only if all occurred execution errors were
spotted and no execution error was erroneously indicated. Whenever the system
missed an execution error, the coach was also asked to gauge whether the exe-
cution error would have been trivially found by a coach or a human observer, in
general. Lastly, analysis sheets as shown in Fig. 4 were generated and sent to all
athletes and coaches, asking for feedback on whether they would consider using
such a system in practice.
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Table 1. Participants divided into performance classes and recording conditions.

Performance Class Conditions Total

Indoors Rainy Sunny

1 0 2 2 4

2 3 4 7 14

3 3 3 3 9

4 3 1 0 4

Total 9 10 12 31

5.1 Results

Our system was able to analyze 150 of the 155 recordings. The five recordings
that could not be analyzed had data missing from at least one of the four IMUs.
Figure 5 shows the assessment accuracy of the system (left side, bright color)
and the coach (right side, dark color) respectively. Our system surpasses the
coach by 10.0% and 11.8% respectively for the performance classes 1 and 4,
suggesting that it works comparatively well for athletes who have mastered at
least the fine form. With 80.3% correct assessments, it is still usable for the
performance class 3, although it is surpassed by 6.1% by the coach. In the case of
performance class 1, the system underperforms, achieving only 65.0% compared

Fig. 5. Correct assessments: System (left side, bright color) vs. coach (right side, dark
color).
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to the coach’s 95.0%. Whereas the recording conditions show a slight difference in
assessment accuracy, that difference can be explained by the uneven distribution
of performance classes between recording conditions. Overall, our system’s 82.9%
assessment accuracy is slightly surpassed by the coach’s 85.7%.

Fig. 6. Percentage of assessments with the system surpassing the trainer.

Figure 6 shows how often the system surpasses the coach. This is an impor-
tant metric as it determines how often a coach can benefit from utilizing our
system to improve their assessment. Coaches of performance class 2 athletes are
surpassed in 26.5% of all cases, suggesting that the system and the coach were
often incorrect for different recordings as their difference in accuracy as shown
in Fig. 5 is only 11.8%. For the remaining three performance classes, the sys-
tem surpasses the coach in between 5.0% and 12.1% of all cases, still providing
significant value. Overall, the system surpasses the coach in 14.3% of all cases
and therefore provides additional value to a coach in approximately one in seven
recordings.

Our data also show that the inaccurate feedback from our system in the case
of performance group 3 is in 75.0% of cases caused by an execution error that
could be trivially identified visually by a coach or human observer in general,
suggesting that these assessment errors are relatively unproblematic in practice,
as the athlete would likely notice them on their own. This further reinforces our
assessment that performance class 3 benefits the most from our system. However,
it can also be argued that performance class 4 benefits the most, since the system
tracked both execution errors made by its athletes during our subject study but
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not by the coach. This can be explained by execution errors at this performance
level being very small and subsequently difficult to track.

Overall, our results suggest that the presented system can be effectively used
to assess javelin throwing and assist training indoors and outdoors, especially
when used as a support tool for a coach but also when used by experienced
athletes themselves. It excels for performance classes 3 and 4, surpassing the
trainer significantly. Meanwhile, it performs comparatively poorly for beginners
who do not adhere to the rough form. Their movement sequences are often too far
from a correct movement sequence that our system cannot accurately determine
when key movements occur.

The athletes and coaches who participated in our study consistently described
the system’s feedback as positive and helpful. They suggested that it provided
a new perspective on the javelin-throwing movement.

5.2 Limitations

Our subject study exclusively included young adult athletes between 18 and
25 years of age, as we expect these to be the main target audience for javelin
throw assistance tools. Therefore, our results may not transfer to child athletes
or adults over 25 years of age. Additionally, the limited number of subjects (28)
does not allow for precise quantitative claims, although we believe that it is
sufficient to show the potential benefit of our system. Lastly, we cannot compare
our system’s results to an objectively accurate ground truth, and thus our results
rely on the accurate assessment of the athlete’s respective licensed coaches.

6 Conclusions

In this paper, we assess whether body-worn sensors can be used to effectively
analyze the javelin throw. For this purpose, we developed a system that uses
exclusively body-worn inertial measurement units (IMUs) in conjunction with
a smartphone to provide an almost real-time analysis of the javelin throw. In
a subject study with 28 athletes of four different performance classes and their
coaches, we evaluate our system for its assessment accuracy and compare it to
that of a coach.

In our subject study, our system achieves an assessment accuracy of 82.7%
which is only slightly lower than that of the coaches at 85.7%. For experienced
athletes (performance classes 3 and 4), our system surpasses the coaches by
more than 10.0% while falling behind significantly only for beginners. For the
performance classes 2, 3, and 4, is more accurate than the respective coach in
between 10.0% and 26.5% of cases, making it an effective tool to assist coaches of
these performance classes. Overall, it received positive feedback from the athletes
and coaches, suggesting that body-worn sensors could effectively be used for
javelin throw analysis in practice, especially as an assistant to coaches.

We are currently researching the possibility of extending our system to other
throwing movements such as the shot put or the discus throw. Furthermore,
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we are looking into hybrid systems that combine the advantages of body-worn
sensors and mobile camera devices for a more thorough analysis of throwing
movements. Other future work could include the inclusion of machine-learning
aspects to allow for an easier adaptation to new requirements or movement
sequences.
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17. Särkkä, O., Nieminen, T., Suuriniemi, S., Kettunen, L.: Augmented inertial mea-
surements for analysis of javelin throwing mechanics. Sports Eng. 19(4), 219–227
(2016). https://doi.org/10.1007/s12283-016-0194-x

18. Wang, Y., Li, H., Shan, G.: Acquiring the distance data with inertial measure-
ment unit in a wearable device for the training of hammer throwers. In: 2018 14th
International Conference on Computational Intelligence and Security (CIS), pp.
492–495 (2018). https://doi.org/10.1109/CIS2018.2018.00117

19. Wang, Y., Li, H., Wan, B., Zhang, X., Shan, G.: Obtaining vital distances using
wearable inertial measurement unit for real-time, biomechanical feedback train-
ing in hammer-throw. Appl. Sci. 8(12), 2470 (2018). https://doi.org/10.3390/
app8122470

https://doi.org/10.1299/jamdsm.4.167
https://doi.org/10.1299/jamdsm.4.167
https://doi.org/10.1016/j.pmcj.2011.06.004
https://doi.org/10.1088/1757-899X/670/1/012051
https://doi.org/10.1007/s12283-016-0194-x
https://doi.org/10.1109/CIS2018.2018.00117
https://doi.org/10.3390/app8122470
https://doi.org/10.3390/app8122470


A Cross-Platform Graphics API Solution
for Modern and Legacy Development

Styles

Robert Konrad(B) and Stefan Göbel
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Abstract. The introduction of the Direct3D 12 and Vulkan graphics
APIs has caused a big shift in how video games are developed. How-
ever, this shift has also brought about significant challenges, including
increased complexity in graphics development and difficulty in support-
ing lower-end platforms like web browsers and older Android devices.
As a result, many developers continue to rely on outdated APIs, despite
their limitations.

To address this issue, this paper presents a novel software library that
enables developers to seamlessly create applications using either a mod-
ern or a classic API style while simultaneously targeting all platforms,
without additional effort. We provide a detailed analysis of the perfor-
mance implications of each development strategy and effective tuning
methods to optimize the library’s performance.

Our approach is particularly important for serious games, as their
target audience is used to the look of modern video games but does
not necessarily own modern gaming hardware. By supporting lower-end
devices, our software library enables developers to create serious games
that can be accessed by a wider range of users, regardless of their device’s
age and processing power.

In summary, this paper offers a solution to the challenges associated
with graphics development and cross-platform support, enabling develop-
ers to leverage the benefits of modern graphics APIs without sacrificing
compatibility with lower-end devices.

Keywords: Cross-platform development · Graphics · GPGPU ·
Direct3D · Vulkan · Metal · OpenGL

1 Introduction

Serious Games like most software projects ideally run well on all widely used
hardware and software platforms. But as with any video game using the graphics
hardware efficiently across different platforms is a complex problem, requiring
the use of complex and ever evolving APIs and incompatible, system-specific
programming languages. The introduction of Direct3D 12 and Vulkan in 2015
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and 2016 respectively has made the situation even more difficult overall as those
APIs represent a big shift in how graphics APIs work but older APIs are still
relevant as to this day the new APIs cannot be used everywhere.

The most common solution to this problem is to use a game engine that
besides providing a big number of various features for game development also
solves the portability problem. But even the best-known game engines, developed
by teams of hundreds of developers, struggle with supporting all platforms with
Unreal deprecating support for web-browsers and Unity not officially supporting
mobile browsers1. Serious Games in particular can have technical or market
requirements that do not align with the priorities in the development of game
engines which generally focus resources on supporting pure entertainment games.

Kore in C (in short Kinc)2 is a development toolkit for developing games and
other multimedia applications on the lowest possible level while not compromis-
ing on portability. Notably portability reaches further than what today’s game
engines typically provide. Kinc aims to provide an alternative for developers who
prefer to have bigger control over the details of their software projects. As such it
is not specifically aimed at Serious Games but also does not restrict itself to the
necessities of common Entertainment Games, providing the options to optimize
for more specialized needs like very broad portability or very small size.

The paper details work done for the Kinc project and in particular focuses on
the aspects of providing portability across old and new graphics APIs (henceforth
called legacy and modern APIs) and details the problem space from a technical
perspective and from a market perspective.

2 Related Work

The actual graphics APIs that are in active use today are Direct3D 11 and 12,
OpenGL and variations thereof like OpenGL ES and WebGL, Vulkan, Metal and
WebGPU. The relevant intricacies of each API are discussed in a later chapter
in terms of how they directly relate to the presented work it is of note that each
of them does try or has tried to solve the cross-platform problem by itself but
as of now each API is only available or updated on a subset of today’s relevant
software and hardware platforms which unfortunately transforms them from a
solution into problems.

Every multi-platform game engine is confronted with the problem of targeting
multiple graphics APIs. This problem is typically handled in the very core of a
game engine (hence the name of our toolkit) with all other functionality being
layered on top of it. Game engines can however allow themselves to be sloppy in
this work as this code only has to support the feature set of one engine and it
is not a serious problem when some aspects of handling the differences between
the graphics APIs leak into higher levels of the codebase.

1 https://docs.unity3d.com/Manual/webgl-browsercompatibility.html.
2 https://github.com/Kode/Kinc.
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Many other projects do exist that try to directly solve the problem of cross-
platform graphics programming, the most well-known of which are bgfx3, gfx-rs4

and sokol5.
Similar projects but with a more specific focus of mapping existing

graphics-APIs to each other are Google’s ANGLE, Microsoft’s D3D11On12 and
MoltenVK. These projects implement a legacy graphics API on top of another
legacy graphics API, a legacy graphics API on top of a modern graphics API
and a modern graphics API on top of another modern graphics API. Notably
absent however is an implementation of a legacy graphics API on top of a modern
graphics API, which is a focus of this paper.

3 Serious Games and the Software/Hardware Ecosystem

Big video game productions primarily or even exclusively use specialized distri-
bution channels that were setup specifically for games. PC games are sold on
platforms like Steam and GOG and video game systems like a PlayStation 5 can
be seen as a video game distribution platform in itself. While some platforms like
Steam have opened up over the years, most still require a certification process
that companies have to go through for any game they want to release. These
processes are not necessarily open for Serious Games as properties like financial
viability and technical experience with video game consoles are assessed. This is
just one example of how distribution of Serious Games differs compared to the
distribution of the latest Call of Duty.

Smaller productions often concentrate on distribution platforms like Google
Play, Apple’s App Store and web browsers. This opens up a much broader market
but the hardware and software eco-system is much less mature with very old
hardware still being in use and graphics drivers not necessarily being up to date.
These issues can be even more pressing when software is not targeted at gamers
which are used to handling hardware and driver problems on their side to some
extent.

Targeting older hardware poses specific challenges in graphics programming.
The chips that drive the graphics (commonly called GPUs for Graphics Pro-
cessing Units) vary greatly in how the individual hardware works and outside
of game console programming a driver layer runs on top of it that tries to unify
and abstract how different GPUs are accessed. Abstractions however tend to
leak details of underlying layers in various ways and for graphics APIs perfor-
mance characteristics in particular are leaking which can be characteristics of the
hardware or the driver or some combination of both. An interesting side-effect
that can be witnessed based on this is that Nvidia and AMD regularly release
driver updates to concede with big game releases to provide specific optimiza-
tions for those titles. The driver packages are also getting surprisingly complex
with Nvidia’s current driver package being bigger in size than Windows XP.
3 https://github.com/bkaradzic/bgfx.
4 http://gfx-rs.github.io.
5 https://github.com/floooh/sokol.
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Graphics API design advanced to better handle this situation and in particular
about eight years ago a cut across the industry started to happen that fun-
damentally shuffled around how GPU APIs work and in 2023 this finally also
arrived in web browsers via the new WebGPU API.

While big parts of the games industry can now ignore older graphics APIs
as they can expect their customers to use fairly up to date hardware and drivers
or even dedicated gaming devices, Serious Games still have many years ahead
of them during which they will have to support old graphics APIs so they can
reach a large enough audience - especially with distribution channels for higher
end systems often being cut off.

3.1 The Software Ecosystem

In 2013 AMD introduced a new graphics API called Mantle that specifically was
not aimed at adding new features but to provide a more efficient programming
model with the intention of making drivers simpler and achieving more reliable
performance. This called a ripple effect in the industry with Metal in 2014,
Direct3D 12 in 2015, Vulkan in 2016 and finally WebGPU in 2023 all following
a very similar approach.

These new APIs require relatively recent hardware and they also require
updated graphics drivers. Driver updates though are often unnecessarily
restricted in various ways. In Android, iOS and macOS drivers are bundled
with the operating system and only recent hardware receives operating system
updates, especially for Android devices. On iOS even web browser updates are
restricted by operating system updates, further slowing down the adoption of
new features on top of all the other factors that already caused the release of
WebGPU to happen seven years after the release of Vulkan.

All of this created a market that is currently split between the new graphics
APIs and the old graphics APIs and all of the following APIs are still in wide
use.

Direct3D 10/11
Introduced in 2006 and 2009 with Windows Vista and Windows 7 respec-
tively, those new versions of Direct3D were a major rework of earlier versions
and were only supported by Windows Vista and later [1].
Notably Direct3D 11 introduced support for compute shaders. It also added
support for tessellation shaders after Direct3D 10 already added support for
geometry shaders. Support for these shader stages was not widely adapted
and never implemented for Apple’s mobile devices. Geometry and tessellation
shaders have now been supplanted by mesh shaders in Direct3D 12, Vulkan
and Metal.
As discussed in Sect. 4, Direct3D 10 stopped supporting free changes to ren-
dering state and instead supported a set of state objects that can be created
and made active.
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Direct3D 12
Direct3D 12 was another major change of the API that switched it from
a legacy style API to modern style API. Microsoft also provides its own
implementation of a legacy API on top of a modern API with 11on12 but not
for the opposite.

Metal
Metal is a graphics API introduced by Apple solely for iOS and macOS [2].
While meanwhile support for intel and AMD was added after Apple also
moved to exclusively using their own GPUs for Macs, with Apple switching
all of their devices to use their own graphics hardware, Metal can now be seen
as an API just for one series of hardware, in that sense being quite similar to
how graphics APIs on consoles work.

OpenGL
OpenGL is an API that goes back many years, being introduced in 1992
- and even further as the initial version of OpenGL was based on an even
earlier API called IrisGL [3]. Major changes were introduced in the early
2000s when OpenGL moved to utilize programmable shader pipelines. As of
now development of OpenGL has mostly stopped despite initial intentions of
keeping it around as an easier to use alternative to Vulkan.

OpenGL ES
OpenGL ES is a variation of OpenGL for smaller devices with slight changes
to the APIs and its own version numbers [4]. The interface fundamentally
stayed the same but several restrictions were introduced as well as support
for lower precision data types. While further development on OpenGL ES
stopped, it continues to be available on all Android devices. For iOS on the
other hand OpenGL ES was deprecated - notably long before its last version so
that features added to later versions of OpenGL ES like support for compute
shaders never arrived on iOS.

WebGL
WebGL is closely based on OpenGL ES with WebGL 1 being based on
OpenGL ES 2 and WebGL 2 being based on OpenGL ES 3.
In the Windows versions of Chrome and Firefox the implementation of
WebGL is based on ANGLE, itself being an implementation of OpenGL on
top of Direct3D 9 and 11. Together Chrome and Firefox represent a very high
percentage of the browser market on Windows, Linux and Android as most
other browsers are based on Chrome, which even includes new versions of
Microsoft Edge.
Chrome and Firefox are also widely used on macOS but its default browser is
Safari. On iOS only Safari is important as other browser implementations are
prevented by disallowing the code execution of runtime-allocated memory - a
fundamental feature for fast JavaScript execution using just in time compila-
tion. While programs called “Google Chrome” and “Mozilla Firefox” do exist
on iOS, they are just UIs on top of the Safari browser engine. This unfor-
tunately restricts iOS to the Safari feature set, that is often lacking behind
many years.
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Vulkan
AMD introduced a new GPU API called Mantle in 2013. Notably AMD
provided the GPUs of most of the game consoles of the time, therefore having
experience with providing custom GPU APIs that are actually very widely
used. Vulkan was built based on Mantle but adjusted to run on non-AMD
GPUs as well. It became a formalized standard in 2016 and Vulkan drivers
are available for Windows, Linux and Android [5]. Vulkan and Direct3D 12
are surprisingly similar with the main difference being that Vulkan supports
render passes, which are important for deferred rendering hardware that is
widely used in mobile hardware to reduce the reliance on fast memory.

WebGPU
WebGPU is a new API that as of 2023 has just had its initial public release
with the latest Windows version of Google Chrome. Work for supporting
WebGPU on more platforms in Google Chrome is of course underway as is
work for support in Firefox and Safari. While the work in Firefox seems to
be far along it is questionable when support in Safari will arrive - basing
predictions on Apple’s track-record with WebGL it would still be many years
away, potentially being a major hindrance in adopting new graphics APIs.
WebGPU is in its feature set similar to the initial versions of Metal, Vulkan
and Direct3D 12 as it is designed to also work on top of exactly those [6].

Video Game Consoles
Consoles classically provide their very own graphics APIs. It is a very different
problem space as only a single piece of hardware needs to be supported,
making a driver ecosystem unnecessary and allowing the distribution of low-
level software updates as part of the games. The specifics of any of these
console specific APIs are unfortunately confidential.

3.2 Market Situation

As of May 2023, the Android Dashboard6, which collects data from devices
accessing Google Play, which is Google’s online store for Android devices, shows
that 15% of Android cannot yet use Vulkan which can consequently be a very
significant percentage of a target group that is less likely to regularly update
their tech gadgets than the overall average.

Concerning browsers, Google Chrome is automatically kept up to date on
Android devices. As of now Google Chrome for Android does not support
WebGPU but once it does, likely a large percentage of Android devices will
quickly get access to it.

If the browser situation on Android develops as positively as expected in
terms of WebGPU support, this will likely represent a situation that is reversed
to what can be found for Apple’s iOS devices. On the system API level, the Metal
API that was introduced in 2014 is now very widely available with statistics by
Roblox from December 2021 seeing it at 99, 9%7. On the other hand, Apple

6 https://developer.android.com/about/dashboards.
7 https://gist.github.com/zeux/cc7be14916e36c51eb56fb7ed372206b.
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tends to lack far behind in supporting the latest features in its Safari browser.
WebGL 2 was first supported in Safari 15, which released in September 2021,
compared to Chrome which supports it since January 2017. Interpolating from
here WebGPU support in Safari can possibly be expected in 2027 or 2028.

The situation is not ideal on larger devices either, especially with many lap-
tops not allowing installs of up-to-date graphics drivers and very old devices
still being in use as old computers can still be fast enough for many use cases.
Steam lists only 2023 of PCs as being able to run Direct3D 12 in their April
2023 hardware survey8.

4 Efficient and Portable Graphics Implementation

Basing the low-level graphics abstraction can be based on modern or legacy APIs
and as long as both kinds of APIs have to be supported both strategies have
varying upsides and downsides. Following up is a look at the major differences
and the consequences of either strategy for each of these differences.

4.1 Efficiency Features

The interesting aspect of the new graphics APIs in terms of cross-platform sup-
port is that the primary features are not concerned with adding new functionality
but with improving efficiency and reliably of performance characteristics. Follow-
ing up is a closer look at the most important of those features with a discussion
of how each of them can be mapped from a modern API to a legacy API and
vice versa.

4.2 Uniform Data

Graphics-APIs provide a plethora of options for binding data that is constant
across draw calls. The actual process of binding data used to consist of querying
individual variable names and then setting the data using one call for each
variable. Later versions of Direct3D and OpenGL added the option to update
a whole structure of variables all at once. Modern APIs always work like that
and therefore all APIs are fundamentally aligned in how uniform data can be
updated - unless support for WebGL 1 is still required to support older Apple
devices. In this case a loop through a data struct can be used to set the struct
values variable by variable. The opposite procedure is also possible as partial
data-updates can be used to update singular variables inside of a struct in newer
APIs.

More advanced features of uniform data handling in modern graphics APIs
are directly linked to its handling of data-synchronization and are therefore
discussed in the following sub-section.

8 https://store.steampowered.com/hwsurvey/Steam-Hardware-Software-Survey-
Welcome-to-Steam.

https://store.steampowered.com/hwsurvey/Steam-Hardware-Software-Survey-Welcome-to-Steam
https://store.steampowered.com/hwsurvey/Steam-Hardware-Software-Survey-Welcome-to-Steam
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4.3 Data-Synchronization

In legacy graphics APIs synchronization of data-updates between the CPU and
the GPU is handled automatically. When writing to a vertex-buffer from the
CPU while it is still in use by the GPU, the driver will apply a strategy to hide
that problem and allow the writes. Typically, it will either create a shadow-copy
of the vertex-buffer which has the downside of taking up more memory or it
will stall until the GPU finishes the work which if of course detrimental to per-
formance. Drivers commonly employ custom heuristics to decide on the specific
strategy. Unfortunately, those heuristics are hidden from the programmer and
can vary wildly between different GPUs and graphics drivers which can make it
hard to optimize code to run fast on all systems. This is also one of the heuristics
that driver vendors typically tweak specifically for important applications.

In modern APIs this process is instead entirely manual which makes it harder
to implement data-handling initially but makes it much easier to optimize it for
all platforms as the performance characteristics are reliable and do not require
testing on a big collection of different hardware [7].

When running a legacy API on top of a modern API, strategies very similar
to what legacy API drivers do have to be employed. An advantage compared to
drivers is that application authors can tweak values manually to adjust them to
the needs of the application - like a value for how many shader-copies to create
maximally and whether those copies should be created initially or on demand.
Essentially application authors can build in the tweaks by themselves that driver
authors build in for the applications they consider important.

Running a modern API on top of a legacy API is trivial for data-
synchronization - synchronization-functions are simply not implemented. This
results in a situation very similar to programming a legacy API directly but the
advantages of using a modern API unfortunately disappear.

Some modern graphics APIs also support more advanced features like embed-
ding small amounts of data in the GPU command-stream, thereby automatically
synchronizing those data-updates with other GPU-commands. This cannot be
directly implemented in legacy APIs and needs to be emulated using regular
data-binding methods. This is a potential performance pitfall as there is no way
to tell when a driver can optimize data-updates using similar methods.

4.4 Pipeline State Objects

In OpenGL every piece of rendering state is setup with a separate function call.
This is on the one hand error prone because it is easy to forget that one particular
piece of rendering state was still active and possibly set to an unfortunate value.
On the other hand, it is easy to use and very flexible - if only one piece of
state needs to change between draw calls this results in one function call and
consequently the changes required to be executed by the driver can also be
very small. However, this is not always the case and a single state-change can
actually require a recompilation of all shaders used in following draw calls. It is
up to the hardware vendor to decide how different pieces of rendering state are
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implemented and they can decide to make it a switch or integrate it into the
shader instructions. The dynamic nature of rendering state in OpenGL has led
to the situation that drivers try to defer a lot of work until actual draw-calls
are executed because only then all information has to be present that might be
needed to decide how to exactly compile the bound shaders.

All modern APIs use the concept of pipeline state objects which sum up all
rendering state, combined with a set of shaders and the necessary input layout
for the shaders, into a single object which is then compiled. This was done to
allow application developers to specify themselves when any shader compilation
takes place. Notably though this has more recently come under scrutiny as it
can lead to very big amounts of PSOs in big projects that take a very long time
to compile. An extension for Vulkan was recently published that again allows to
change rendering-state piece by piece.

Using a PSO-API on top of singular state-changes is simple, as when making
a PSO active the implementation can directly iterate and set all state. This
procedure isn’t even as inefficient as it may appear because as mentioned earlier,
legacy APIs tend to defer actual work until a draw-call happens.

When running an OpenGL style on top of a modern API the situation
becomes however very complicated and would re-introduce the same random
compiles so known to modern APIs. Direct3D 11 though already uses an API
that is very close to PSOs, just splitting it up into several state collection objects.
For these reasons Kinc uses PSOs for both its legacy and its modern API.

4.5 Multithreaded Command Submission

A fundamental feature of modern GPU APIs is better support for utilizing multi-
core CPUs, primarily by means of recording GPU-commands simultaneously
from multiple threads. On legacy APIs commands for the GPU are generated
directly via function calls ala drawTriangle and these calls do not tend to be
thread-safe. Modern APIs instead provide a structure representing a list of com-
mands and multiple of those lists can be recorded and prepared from multiple
threads. Finally, they are stitched together on a single thread and submitted
but the bunch of the work can be distributed across multiple cores this way -
and work has to be done because all of the commands have to be converted into
data-structure that can be transferred to the GPU and executed by its command-
processor but the final submission of these commands is then a relatively simple
task.

When implementing a legacy API on top of a modern API this can simply
work on top of a single command-list. A second command list can often be useful
for implementing features that are implicit in legacy APIs independently of the
primary list, like the transfer of data from CPU memory to GPU memory or
the handling of framebuffer-flips. Care has to be taken for when to submit the
command-list as it has to work together with the mechanisms for synchronizing
data to be efficient. Usually, it will make sense to submit the command-list
directly after every draw-command but it can of course be tweaked further for
the application at hand.
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When implementing a modern API on top of a legacy API clearly the actual
GPU-API calls have to happen from a single thread as required by the API.
A data-structure has to be implemented to collect commands and a procedure
that iterates over that structure and does actual graphics-API-calls based on
the collected data. This is clearly overhead compared to simply doing the calls
directly but unavoidable to serve applications which make use of the threading-
features. The overhead can however be minimal if the application is otherwise
efficient in how its command-submission works. If that is the case the multi-
threaded command collection will run quickly as it only has to do minimal work
on the graphics-API-side. The actual command-calls can also happen with little
overhead as traversing a tightly packed array of command-structures is quick
compared to doing any actual driver-work.

4.6 Summary

When purely looking at the performance features, using a legacy API or a mod-
ern API is both viable, no matter what APIs a program finally has to work on
and both strategies can be used without major performance problems on top of
the performance problems inherent to legacy APIs. If the programming team is
comfortable with it, it is consequently advisable to already use a modern API
even if it has to run on top of a legacy API. It does not pose a performance
regression and it provides new options once legacy APIs become less important.

4.7 Functionality Features

While it is true that the new GPU APIs were primarily focused on efficiency
in their design a lot of features have also been added that cannot feasibly be
worked around on older APIs and have to be considered.

4.8 Compute Shaders

Compute shaders also have relatively general performance advantages by pro-
viding a local cache and making it easier for GPUs to schedule the work with
requirements for how to work has to be grouped being relaxed for example thanks
to the absence of instructions requiring derivatives [8]. Compute shaders can also
be scheduled to run in parallel to any other work while other shader-types do
their work on after another.

Compute shaders were already implemented in Direct3D 11 and OpenGL
but are noticeably absent in all versions of WebGL and in the latest versions of
OpenGL ES supported on iOS.

4.9 Bindless Resource Access

Modern APIs allow shaders to select themselves what textures or other GPU-
objects to use dynamically, which can simplify and speed up rendering [9,10].
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This functionality unfortunately cannot be emulated and is in fact not even avail-
able in all systems that support Vulkan and is therefore only exposed as an exten-
sion. On the other hand, an Nvidia-extension for OpenGL is available [11]. A
possible workaround to using bindless access are big lists of if-else-constructions
but the number of textures that can be bound classically is very restricted and
if-else-constructs can lead to large amounts of textures being sampled even when
only one is ultimately used.

4.10 Raytracing

Going beyond just new APIs, raytracing is now supported in hardware on some
GPUs and the functionality is exposed in Direct3D 12 and Vulkan. Modern GPUs
also provide general features to make raytracing more feasible performance-wise,
notably some of the very latest models avoid divergence in shader-execution by
dynamically re-bundling shader-waves. Compute shader-based implementations
do exist [12]. Notably CryEngine supports Raytracing in compute shaders as do
the drivers for Nvidia’s 10x0 series of GPUs. In the latter case this can directly
be compared to the hardware implementation of the following generation of
graphics chips. It can be feasible for smaller use-cases but it has to be kept in
mind that the developers at CryTek and Nvidia can likely optimize a raytracing
implementation much further than most developers would be able to and with
the big performance jumps seen in the latest two generations of Nvidia’s hard-
ware following that (the 30x0 and 40x0 series) there is doubt in the comparable
viability of computer shader implementations even when taken care of by the
biggest experts in the field.

4.11 Mesh Shaders

Mesh shaders are a new concept that is intended to replace geometry shaders
and tessellation shaders, roughly based on work that was done to build geometry
pipelines using compute shaders [13,14]. Notably support was recently added to
Metal and Apple’s GPUs - neither of which ever supported geometry or tessella-
tion shaders. Wide support for older devices is many years away but based on the
earlier work to use compute shaders for a similar implementation, more widely
usable implementations are feasible. A major hindrance is however the web-
platform as it only just now gained support for compute shaders via WebGPU.

5 Conclusion

Modern graphics APIs make development easier for big and experienced devel-
opment teams by providing more reliable performance which is a key aspect for a
robust and fun game release. When concentrating on up-to-date hardware these
teams can fully focus on working with these APIs. But smaller or more special-
ized teams as they can commonly be encountered in the Serious Games industry
have a need to target a wider market, in particular to reach non-gamers. In this
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space older graphics APIs are still relevant and the overall fragmentation into
very different APIs poses a technical challenge. Our paper detailed solutions to
these problems and the pitfalls that need to be avoided.

The Kinc project which this paper is based on already provides implementa-
tions of all the aforementioned aspects, is open source and is actively used on all
of today’s GPU-supported platforms, from mobile web browsers to video game
consoles. It is successfully used in video games such as CrossCode9 as well as
video game development tools like Armory3D10 or RPG Playground11.

Portable graphics programming is an ever-expanding problem space as long
as the graphics APIs themselves are ever expending. On the other hand, some
problems disappear with old hardware becoming obsolete and getting replaced.
As such further work will be needed as long is this is the case and the second part
of the fourth chapter can also be seen as a preview of what aspects of graphics
APIs might require more work to facilitate high portability of graphics code in
the future.

Acknoledgements. The investigated research of this contribution partially has been
funded by strategic invest of the Serious Games group at TU Darmstadt in the context
of its research activities for the creation/authoring of Serious Games.
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Abstract. Pedagogical patterns facilitate the transfer of expert knowl-
edge in teaching and learning. They are used to scaffold learning design
for a particular purpose. Designing games for learning is a challeng-
ing, resource intensive, and inherently interdisciplinary activity. In this
paper, we map the mechanics of twelve co-designed serious games in the
domain of cybersecurity onto conceptually similar pedagogical patterns
in order to identify fruitful common approaches and facilitate knowledge
exchange. We present our methodology for this mapping process and
provide examples for its usage to improve the quality and accessibility
of serious games design.
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1 Introduction

Pedagogical Patterns (PPs) are a method of capturing and disseminating expert
knowledge in teaching and learning, in the form of a reusable solution to a par-
ticular problem. They grow from the concept of design patterns and pattern
languages more generally, which are common in computing disciplines. PPs offer
a format and process for sharing successful teaching techniques, whilst allowing
freedom of implementation to fit the needs of individual teachers [8,12]. There
has been little work addressing the potential advantages of utilising PPs in the
analysis and design of serious games - either in terms of employing a PP mapping
directly, or in discussion of methodologies for conducting such a mapping activ-
ity. Bridging this gap between pedagogy research and serious games design may
lead to improved learning and gameplay outcomes from serious games, as their
inherent interdisciplinarity is a challenge noted in recent literature [2,32]. There-
fore, a mutual understanding and interplay of concepts and language from serious
game design processes (such as the Learning Mechanic - Game Mechanic (LM-
GM) model [5,22]) and PPs is a necessary step towards allowing serious game
designers and researchers to take advantage of pedagogical patterns research.
This would allow a more structured method to share and implement learning
designed through serious and also afford another avenue for researchers to anal-
yse the learning being created during serious game design.
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In this work we present an analysis of a research project case study com-
prising twelve co-designed serious games from three distinct game jams focussed
on games for cybersecurity. PPs have been applied to assist educators in com-
puter science generally [7], but there is less evidence of this approach being
undertaken outside of computing. No work has been identified to date on apply-
ing PPs to cybersecurity pedagogy. Gameplay and content of each co-designed
game is analysed using the LM-GM framework and each game is then mapped
onto pre-existing PPs, as defined by Bergin et al. [8]. The goal of this pattern
matching is to investigate particular types of PPs that can emerge from seri-
ous game design, therefore serving as a foundation on which future researchers,
designers, and game jam organisers can base their expectations and understand-
ing of the pedagogy embedded within serious game designs. Furthermore, we
present our process for this mapping activity and provide a mapping of con-
cepts and language from the LM-GM model [5,22] to the PPs format [8], thus
providing common ground for communication between these two disciplines.
Finally, we offer recommendations, based on our experiences, for further work
that could improve collaboration processes and outcomes by the different disci-
plinary experts involved in serious game design.

2 Background

PPs can assist with teaching and learning technical subjects in particular, and
their benefit is not restricted to a Higher Education context; they have also been
applied in various training scenarios. PPs have a consistent structure compris-
ing: Title; Context; Key Problem; Solution; and Further Information (including
examples) [8]. Relationships with other PPs are included throughout these sec-
tions where relevant. Patterns are categorized in different groups: e.g. Active
Learning, Feedback, Experiential Learning, Gaining Different Perspectives, and
Teaching From Different Perspectives to aid educators in selecting and linking
suitable techniques, and guidance is offered on how each pattern can be used at
different timescales from minutes to an entire course [8]. Furthermore, Bergin et
al. identify the opportunity for relating several patterns within a common prob-
lem space as a resource for solving complex problems, and actively solicit further
contributions [8]. The literature notes that patterns are useful in scaffolding the
solutions to multidisciplinary problems and enabling the swift articulation and
transfer of expert knowledge to novices.

Patterns exist for many learning contexts, often needing to be specialised for
particular disciplinary or industrial uses, for example, software design and secu-
rity patterns [26]. For game making, game design patterns have been extensively
studied since the early 00 s in an attempt to formally document gameplay [9],
game mechanics, and non-player character (NPC) interactions [21]. Game design
patterns are generally not presented as individual gameplay elements but pro-
vide designers with a set of interrelated connections, causal relationships and
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structures that can be used as building blocks towards the design of new games.
Whilst not focused on pedagogy, the game design pattern approach is directly
relevant to the PP approach proposed in this article. There is a need for devel-
opment of PPs for specific topics and to move beyond PPs in classrooms to
facilitate learning in a wider context, such as through professional practice.

Cybersecurity (the application domain of the serious game designs to be dis-
cussed in this paper) is an increasingly complex problem, in particular as a wider
and more diverse group of people become creators and users of software, often
without any training and operating outside the software industry. “Security is
an abstract concept which combined with the dematerialized world of software
systems is difficult to grasp, comprehend and experience” [13]. Cybersecurity
combines technical, theoretical, professional, human, and social factors [23] and
developing both skills and attitudes towards security is equally complex. Geor-
giou et al. [13] note the swift evolution of the subject and its related disciplines, a
lack of technical, time, and expertise resources leading to poor coverage of cyber-
security in university-level programmes [11,15], and the need for (and challenges
of) acquiring crucial practical skills [25]. Perhaps due to some of these challenges,
computer science and cybersecurity as disciplines have been quick to adopt devel-
opments in teaching and learning, such as gamification and game-based learning.
Whilst gamification aims to increase motivation through rewards (for example,
points, digital badges, and/or leaderboards), game-based learning relies on the
combination of interaction mechanics related to pedagogy with those related to
games to create Serious Game Mechanics, i.e. a “design decision that concretely
realises the transition of a learning practice/goal into a mechanical element of
gameplay” [5]. In this way ‘serious games’ (games which have an educational or
training purpose) can not only model large complex systems but also increase a
player’s understanding of, and confidence within, that system [10] whilst moving
towards defined pedagogical goals.

Therefore, coding, software engineering in general, and cybersecurity specif-
ically have been the topics of a wide range of recent game interventions from
coding apps for young children [1], to gamified ‘Catch the Flag’ contests [29],
to a fully-fledged game for developer-centred security [24], for example. How-
ever, despite evidence of rigour in the development of game-based learning for
cybersecurity, there is little research linking game design decisions and Serious
Game Mechanics (SGMs) with PPs to aid in their re-use for similar problems
across the wider cybersecurity teaching and learning community. A number of
papers consider design patterns or PPs in digital learning generally or in com-
puting science topics such as programming (e.g. [18]) without specific reference
to cybersecurity. In 2012, studies discussed the current state and value of design
patterns in security and proposed a PP to translate remediation techniques into
a pedagogically friendly format to address the adoption challenges faced by Mal-
ware incident responders [26,27]. The authors also conclude that “in order for
the pattern template and pattern knowledge repository to stay relevant, they
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should be maintained and updated by an open community of practitioners from
the academia, security industry and security incident response practice” [27],
however no more recent work on this topic has been identified. One recent study,
focused on teaching computing science in general, noted the fruitful opportunity
to map design decisions of a learning platform to PPs [31] but did not attempt
this mapping and mentioned cybersecurity only briefly. Therefore, cybersecurity
pedagogy and/or workplace training provides a useful and suitable context for
this research.

In terms of game-based or gamified approaches, Hauge et al. note the poten-
tial for re-use of SGMs as design patterns driven by pedagogy [17] and there is
evidence of studies which link PPs with sustainability in engineering [28] and
professional training for accident prevention [6] but, until Georgiou et al. [13] no
research linking PPs with a game-based approach in cybersecurity was identi-
fied. This paper defined ‘secure code’ mechanics based on attacks and mitigations
around several cybersecurity themes. These were presented to workshop partic-
ipants alongside selected gamification mechanics with the addition of learning
elements and used to co-design game ideas for cybersecurity which mapped the
secure code mechanics to suitable game elements. The authors note the central-
ity of pedagogical aspects to both cybersecurity as a discipline and in designing
games to increase awareness and practice of secure coding [13] and present an
abstracted design composition for cybersecurity games based on the co-designed
game elements. This pattern was then analysed using the LM-GM framework for
serious game design [5] and the resulting SGMs were presented, those that arose
from the gamification toolkit used within the workshop and those that were gen-
erated by original participant contributions. This work provides a robust basis
for building on by identifying SGMs created in a co-design process for cyber-
security games, mapping them to existing PPs, and reflecting on patterns that
are potentially a good fit for this specific problem space. Therefore, this paper
builds on the previous study’s findings and resources by using new data from
serious game jam co-design events to: 1) broaden the identification and analysis
of SGMs for cybersecurity beyond gamification and into game-based learning;
2) deepen the emphasis on pedagogical aspects of design; 3) map co-designed
SGMs to PPs; and 4) produce recommendations for PPs for teaching and learn-
ing specific cybersecurity issues through game-based approaches.

3 Methodology

To improve multidisciplinary concept mapping and communication around the
design of serious games, our methods also spanned disciplines. The relationships
between pedagogical patterns, the LM-GM framework, a game jam method
including Triadic Game Design [16], and our method of analysis are outlined
below.
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3.1 Serious ‘Slow’ Game Jam Method

The game jam format used to co-design the serious games discussed in this paper
was the ‘Serious Slow Game Jam’ (SSGJ) [3]. For full details of the game setting
and methodology, see this publication. This approach intended to ameliorate
some of the key barriers to entry often found in traditional game jams, and
added additional support and resources to reinforce and support the ‘serious’
aspect of the game jam. The SSGJ aimed to remove the main barrier of intense
time pressure (the majority of traditional game jams take place over a 24–48 h
period [20]), instead running over 5/6 working days spread over a 6–8 week
period. Furthermore, participants are extensively mentored and supported in
their serious game designs by:

– The provision of a ‘provoking game’ [4] used to encourage reflection and
discussion on cybersecurity and serious game design.

– Support using the Triadic Game Design (TGD) methodology [16,30].
– Support in understanding and using gameplay loops (the various interaction

cycles within a game) [14].
– Domain expert mentors (in both cybersecurity and game design).
– Three reference card decks to be used as design tools - one domain-specific

(cybersecurity) and two covering Learning Mechanics and Game Mechanics
(LM-GM).

These cards served to both provide scaffolding and inspiration for participants
who may be new to any of the three areas (gaming, pedagogy and the domain),
as well as providing a method of communication between expert mentors and
participants. Outputs from this game jam approach include documentation such
as: paper prototypes, gameplay loops, and game design documents. This docu-
mentation underpins the analysis described below.

3.2 Participants

Data was collected from three distinct Serious Slow Game Jams [3], Table 1
shows the format of these jams, the number of participants that took part and
the number of game designs produced.

3.3 The Learning Mechanic-Game Mechanic (LM-GM) Model

The LM and GM cards were used during the game jams as design tools to cre-
ate an LM-GM map, following the procedure defined in [5,22]. The goal of the
LM-GM mapping is to “highlight [a serious game’s] main pedagogical and enter-
tainment features, and their interrelations” [5], Fig. 1 shows an example LM-GM
mapping. This process not only clarified the learning and gaming aspects for par-
ticipants but also functioned as clear documentation of design decisions, allowing
mentors (and subsequent researchers) to understand the participants’ designs.
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Table 1. Summary of game jam participants.

Format Year Participants Games Demographic

Jam #1 Remote 2021 6 3 University students

Jam #2 Hybrid 2022 13 3 Masters students

Jam #3 In-Person 2022 23 6 11–16 year olds

This combination of a Learning and Gaming Mechanics results in a Serious
Game Mechanic (SGM) which demonstrates how the pedagogical approach is
implemented through gameplay. Resultant SGMs extracted from each game jam
team’s designs were used to inform the process of PP mapping. LMs and GMs
are defined in detail in [5] and for readers unfamiliar with this framework it
is recommended that this associated literature is read in conjunction with our
analysis and mapping, below.

Fig. 1. An example of an LM-GM mapping created by a SSGJ team.

3.4 Pedagogical Pattern Mapping Approach

Using the documentation of each game (including gameplay loops annotated
with LM-GM cards, game design documents, and the LM-GM mapping exer-
cise) we identified the LMs and GMs used in each game design and their various
relationships which form SGMs. It should be noted that this data is based on
the participants’ own use of the LM and GM toolkit and therefore may not
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be fully accurate (for example a relevant LM or GM that was not well under-
stood by participants may have been omitted). However, teams were supported
by both cybersecurity and serious game design mentors which increased the
rigour of the process and gives confidence that the documentation produced is
a good indication of the core SGMs for each game. Some SGMs were one-to-one
relationships between a single LM and a single GM, however, in general these
relationships were complex with one-to-many and many-to-many relationships.
In order to analyse the respective popularity of different LMs and GMs across
all co-designed games, they were then recorded as separate dyads (one-to-one
mappings). Therefore, every LM-GM relationship was individually recorded, for
example, a high-level LM such as Analysis was mapped separately to every GM
with which it shares a relationship. The most commonly occurring SGM dyads
(those that appeared in 25% (3) or more of the co-designed games) are shown in
Fig. 5 in the Results section below, which also gives a sense of the simplicity or
complexity of different SGMs. Note this figure is provided as an overview and is
not intended to be used as an in-depth resource.

Note: to ease the use of the LM-GM framework in the SSGJ itself, we sim-
plified some terminology from Arnab et al. [5]. LMs: Participation was removed
as it is omnipresent in game-based learning; Explore and Discovery were com-
bined as they are conceptually very similar; similarly, Imitation, Modelling, and
Shadowing were combined with Observation; and Accountability and Respon-
sibility were combined with Ownership. GMs: Communal Discovery was com-
bined with Collaboration; Goods was combined with Tokens and separated from
in-game Information; Pareto Optimal was retitled One-Player Must be Better-
Off ; Pavlovian Reactions was retitled Conditioning ; Protégé Effects was retitled
Learning by Teaching. Some definitions were rewritten in simpler terms, based
on current pedagogy literature and clear examples of each concept in use were
added to the toolkit cards. Therefore there may be minor differences in LM-GM
terminology used here, nevertheless the concepts remain as defined. Example
LM and GM cards can be seen in Figs. 2 and 3.

The next step was to establish relationships between the SGMs identified in
the above process and the PPs defined in Bergin et al. [8]. A detailed reading
of each PP was undertaken and each was mapped to the SGMs that are likely
to implement the pattern within each game. The PPs are shown on the left
and right sides of Fig. 5, linked to the relevant SGMs. See Bergin et al. for full
definitions of each PP.
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Fig. 2. Analysis LM Card. Fig. 3. Movement LM Card.

4 Results and Discussion

4.1 LM-GM Framework Language

A particular advantage of the three game jams conducted as part of this work
is that we were able to observe the LM-GM framework being used by a range
of individuals, from primary school children, through to Master’s students. The
most striking observation from this is the need for the LM-GM framework’s
language to be revisited and revised for different user groups and desired learning
outcomes. For example, participants in this case study were not familiar with the
language of pedagogy and required support in their understanding of some LMs
concepts. Conversely, if the same methods were used with educators, it is likely
that the language of GMs would need additional explanation. One example of
particular note is the usage of the Pavlovian Reactions Learning Mechanic. In
the first two game jams, Pavlovian Response was an LM available to participants
and even though expert mentors deemed that it was a mechanic present in some
of the games developed, it wasn’t included in any of the participants’ chosen
SGMs. However, when this mechanic was renamed to Conditioning for the final
game jam that was aimed at schoolchildren, the mechanic was included in two
separate designs. Whilst we are confident overall that most of the SGMs in
the co-designed games were successfully documented, a lack of understanding of
some of the LMs or GMs leading to their omission is a limitation of this research.

4.2 Frequency of Pedagogical Patterns Arising from the SGMs

Figure 4 shows the frequency of PPs which the SGMs were mapped to. Active
Student, Repeat Yourself and War Game are considered to be inherent to serious
games, hence these PPs have 100% frequency and are shown in their own section
at the top of Fig. 5). Feedback is also present in 100% of the games, however this
PP arises from specific SGMs identified by participants in their gameplay loop
designs so is shown in the body of Fig. 5. Note that many PPs refer to specific
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Fig. 4. Frequency of PPs which were mapped to participants’ SGMs.

formal educational contexts therefore all other PPs defined by Bergin et al. [8]
that do not appear in Fig. 4 were not relevant in this mapping. It can be seen that
PPs appearing in over 50% of the games are themed around incremental feed-
back based on manageable learning and/or actions, for example: Early Warning,
Digestible Packets, Reflection, Spiral, Build and Maintain Confidence, Challenge
Understanding, and Self-Test. Another theme emerging from these most popular
PPs is that of applying lessons learned in the game to out-of-game contexts, for
example: Expand the Known World, Multi Pronged Attack, One Concept Several
Implementations, and Solution Before Abstraction. Figure 4 gives an indication
of which PPs may be a fruitful starting point for game-based learning, both for
cybersecurity and for topics beyond this case study.

4.3 SGM-to-PP Mapping

Figure 5 shows the proposed SGM-to-PPs mapping arising from our analy-
sis. SGM groups are identified in the central column with interrelationships
shown by linking arrows with an indication of how frequently the SGM dyad
was used across the twelve co-designed games. All game designs employed
the Feedback -Quick Feedback SGM (meaning the combination of the Feed-
back LM and Quick Feedback GM) and exactly half of the game designs used:
Plan-Strategy/Planning, Analysis-Selecting/Collecting and Question & Answer
- Question & Answer. For clarity, SGMs which were used in fewer than 25% of
the games have been omitted from this diagram. Bounding boxes show where
there is no overlap between SGM dyads - this gives an indication of those LMs
and GMs which have many-to-many pairings and those which are more likely to
be one-to-many or one-to-one.
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The PPs are shown on the left and right of Fig. 5 as nodes with a white
background. Linking arrows show relationships between each SGM group and the
associated PP. Those shown on the left are more influenced by the linked LM(s)
and those shown on the right are most influenced by the linked GM(s). Seventeen
PPs were mapped to these particular SGMs (alongside the three aforementioned
PPs inherent to all serious games). Again, the linking arrows show individual
relationships and also give an indication of how wide-ranging a PP might be;
most are linked to three or more different SGMs. However, it should be noted
that this diagram shows only SGMs occurring in 25% or more of the games.
Simply because SGMs and PPs occur more rarely does not mean that they lack
value for specific approaches and learning outcomes. For example, 2 co-designed
games demonstrated a very clear mapping from Identification and/or Ownership
LMs to Roleplay GM, which in turn activates the Roleplay,Own Words, Build and
Maintain Confidence, and Try it Yourself PPs. For players to identify with the
wider problem of cybersecurity and take ownership over it was a major aim of the
case study this paper is based on, and this particular SGM and related PPs would
be considered very fruitful in, for example, workplace cybersecurity training.
Recommendations for how to use the SGM-PP mapping diagram (Fig. 5) are
detailed in Sect. 5, below.

Depth of Learning Design. Further reflections on Figure 5 identify a high use
of SGMs that are aligned with lower-order levels of understanding (as defined
in Bloom’s Extended Taxonomy [19]) such as Question & Answer, Repetition,
and Feedback. This suggests that co-designers (based, as most of them were, in a
didactic educational context) may associate serious games with simple quizzes,
or have struggled to escape the model of demonstrating knowledge followed by
feedback from an educator. This was particularly noticeable in the school-age
teams. This shows that more support is needed in the game jam process, par-
ticularly during the ‘meaning’ phase of the Triadic Game Design process [16], in
order to provide participants with the appropriate scaffolding to allow them to
explore more higher-order learning designs. That said, 50% of games used much
higher-order LMs such as Analysis and Plan and incorporated these incremental
developments of understanding (or conceptually similar variations, such as the
Cascading Information GM) into their core gameplay and feedback loops. Nei-
ther lower nor high level learning outcomes are ‘better’, rather it is important to
note that the specific learning outcomes of a serious game will suggest suitable
SGMs and PPs to use. Lower order SGMs are very appropriate for knowledge
acquisition games whereas, as noted above, higher order SGMs leading to under-
standing and ownership of a problem space would likely be more suitable for
behavioural change outcomes such as cybersecurity workplace training.

Salience of Participant-Chosen Serious Game Mechanics. Further to the
above, during our analysis there was some evidence of participants selecting and
documenting SGMs that were valid, but not necessarily the most salient for their
purpose, as designed earlier in the game jam process. In other words, SGMs were
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Fig. 5. The Serious Game Mechanics to Pedagogical Patterns Mapping.

correct but some were omitted that would most effectively and accurately convey
the learning and gameplay intended. This reinforces the need to tailor language
and support specifically to the participants, as mentioned above, and the limita-
tion that a lack of understanding can affect documentation accuracy, even where
the game itself is rigorously designed. For example, in the Serious Slow Game
Jams conducted as part of this work the target audience was “code-citizens”,
or people who are code-literate but may not have explicit software engineering
training [13]. Therefore, the goal of these jams was not just knowledge acquisi-
tion but to encourage behavioural change to improve these code citizens’ soft-
ware development habits and practices. The Identify/Generalisation - Metagame
SGM, which could map to PPs: Wider Perspective, Expand the Known World,
Solution Before Abstraction and Roleplay is one SGM and several PPs that we
considered to be a particularly salient one for this particular context, however,
this particular SGM was not recorded in any of the game designs produced
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by participants. On the other hand, Metagame was associated with Incentive
and Ownership LMs in one game each, both by adult teams who were close
to entering the world of work. This reflection shows that there can be a great
deal of subjectivity and ‘fuzziness’ in the creation of some SGMs, so individual
SGMs should not be taken as the only useful articulation of a particular seri-
ous game design approach. We also propose that this identifies the potential for
reverse-engineering SGMs through PPs to either strictly ensure, or gently guide,
designers towards learning and gameplay mechanics which are more salient in
terms of the actual learning outcomes of the game being designed.

5 Usage of Pedagogical Pattern Mapping Diagram

We propose two approaches to using our PP mapping diagram (Fig. 5) in prepa-
ration for supporting serious game design depending on the disciplinary needs
of the intended audience: 1) for educators and 2) for game designers. We reit-
erate that bridging the disciplinary gaps between all three aspects of a serious
game (the subject, the pedagogy, and the gameplay) is widely noted in the liter-
ature as a priority. Therefore easing communication for experts in each of these
three groups is crucial. For educators, familiar with pedagogical concepts but
perhaps not game mechanics, we propose approaching the model via the PPs.
For example, an educator may be involved in co-designing a serious game to
teach students what photosynthesis is. The educator can use their expertise to
identify an appropriate PP for their learning outcome (based on adapting the
closest template from the PP source literature [8]). This could be an approach
already being used to teach the topic that the educator wants to see reflected
in a game-based approach, or they could be inspired by the patterns and elect
to try a new, potentially more effective pattern. Once a pattern (or several) are
selected, they are then able to see what SGM mechanics are related to, and most
likely to deliver, that pattern in a serious game context. Conversely, beginning
from SGMs and moving outward towards PPs may be the most fruitful approach
to those coming from a game design background. By defining appropriate SGMs
for a proposed serious game (or identifying them in an existing game), a game
designer can then associate the approach with the wider pedagogical theory to
validate (or question) a particular serious game design approach. This not only
provides additional pedagogical resources to assist in game design, but can pro-
vide a shared language and improve communication between game designers and
educators.

5.1 Example Scenarios of Each Approach for Cybersecurity

Rather than directly instructing her students of some appropriate ways to elim-
inate the vulnerabilities related to a particular cyber attack, an educator would
prefer that the students figure out the answers for themselves, whilst simultane-
ously becoming more self-reliant. She identifies Test Tube as a fruitful PP. Using
the SGM-PP mapping (Fig. 5) she identifies the Exploration/Discovery - Quick
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Feedback SGM. After reading the definition of both LM and GM she confirms
her choice and shares this information with the game designer, who reads Test
Tube in order to cement their understanding. They then suggest a way in which
the game system can support experimentation with clear results to allow the
players to draw their own accurate conclusions on the impacts of different cyber
defence mechanisms. As they collaborate, both the educator and the designer
use the mapping as a facilitation tool for knowledge exchange.

From a game designers perspective, the SGM-PP mapping (Fig. 5) could be
used to adapt the learning design of an existing serious game from a different
application domain. For example, a company approaches a serious games com-
pany to produce a game to support workplace learning and practice of secure
coding. The company has previously designed a serious game about common
nursing procedures that used the Incentive - Competition SGM (Fig. 5). Look-
ing at the SGM-PP mapping they can see that this SGM is mapped to Build and
Maintain Confidence, which seems appropriate. The company checks with their
client who clarifies that this pattern should be emphasised but that Competition
should be represented as their company against other companies, not employee
against employee! The game designers then follow Build and Maintain Confi-
dence back to other SGMs and note that Repetition - Cascading Information
wasn’t in their nursing game, but would be valuable to add in the cybersecu-
rity game, as it involves knowledge acquisition as well as developing professional
practice.

6 Future Work

6.1 Dynamic Presentation of SGM-PP Mapping

Figure 5 is challenging to parse in its current, static format, therefore we pro-
pose designing and creating a dynamic, web-based presentation of the SGM-PP
mapping, so that it can be navigated and read more easily. This would also
allow rarer but still valuable SGM-PP mappings to be added without making
the diagram unreadable.

6.2 Audience-Specific Language in the LM-GM Framework

The LM-GM framework is rooted in serious games theory and therefore can
use terminology that may be inaccessible to game jam participants including
(but not limited to) participants who are young, speak English as an additional
language, or have limited experience of either games or pedagogy theory. This
was our rationale for simplifying the framework language used in the SSGJ
toolkit card decks. Further work towards making the LM-GM framework more
accessible and understandable to different audiences is recommended.
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6.3 Built-for-Purpose Subsets of the SGM-PP Mapping

As mentioned above, there are situations where lower-order learning is appro-
priate and others (such as the cybersecurity domain example used here) where
imparting higher-order learning and behavioural change is the goal. Therefore,
subsets of SGMs, PPs, or both could be curated by experts to facilitate co-designs
with particular learning goals, desired learning, behaviours, or contextual lim-
itations. For example, the goal of teaching young children to play piano using
a mobile device would benefit from a subset focused on learning-by-doing and
repetition which would not only be more usable and less overwhelming to co-
designers but would also reduce the risk of inappropriate SGMs being included.

7 Conclusions

Pedagogical patterns focus on transferable yet adaptable solutions and dissem-
inating expert knowledge within teaching and learning. With a similar goal
focused on serious games design - in particular co-design between experts from
different disciplines - we have presented an analysis and subsequent mapping of
twelve co-designed serious game designs onto established pedagogical patterns.
This results in the proposed SGM-PP mapping diagram for which we describe
our methodology and provide examples of potential usage. We propose that
mapping serious game mechanics to pedagogical patterns is a helpful resource
and process as it facilitates knowledge exchange and accurate interdisciplinary
communication between educators and game designers, an activity which is at
the very core of effective serious game design.
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Abstract. Cerebral visual impairment (CVI), a leading cause of visual impair-
ment in developed countries, has no standard treatment and many different man-
ifestations. Long-term individualized therapy is crucial for children with CVI to
develop coping strategies and improve functional limitations. Serious games are
becoming a part of many different types of therapy and rehabilitation, including
physical rehabilitation, cognitive behavioral therapy, vision therapy, etc. However,
the design of the serious games used in the context of rehabilitation and therapy
must ensure that the games fulfill the therapeutic goals and also adapt to the skills
and abilities of the players. Entry-level estimation, i.e., placing the player in a
correct initial game level the first time the player engages with the game, is an
important aspect of individualization and personalization of serious games.

In this paper, we discussed the importance of adaptivity and personalization of
serious games in children with CVI, specifically focusing on entry-level difficulty
estimation and the comparison of two entry-level estimation models. The first
model was defined based on discussions with experts in the CVI therapy field and
the second was a linear regression model trained on in-game collected data. We
evaluated the two models on several performance metrics and compared how the
entry-level estimation using the first versus second formula would differ for the
children participating in our currently ongoing Randomized Control Trial.
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1 Introduction

The 2011 World Report on disability, published by World Health Organization (WHO),
showed that the number of people with disability, 15% at the time, was higher than
estimated [1]. In the area of visual disabilities, cerebral visual impairment (CVI) is the
leading cause of visual impairment in developed countries and its prevalence is increasing
in developing countries [2]. CVI manifests itself by reduced acuity, visual field defects,
impaired motion detection, visuoperceptual impairments, etc. A cross-sectional survey
of 5–11 year old children showed that 3.4% (out of 2298 children) of the primary school
children in mainstream education had at least one CVI-related vision problem [3].

Clinical features of CVI vary among children and can manifest themselves differ-
ently. Challenges reported in children with CVI include difficulty with processing of
complex input, e.g., visual recognition and visual memory of objects and people, ori-
entation and navigation in the environment, perception of motion, and figure-ground
perception (e.g., finding a toy in a cluttered toy box), etc. [4].

Screening and evaluation of CVI in children is multidisciplinary and comprehen-
sive. CVI screening questionnaires (e.g., Visual Skills Inventory, Flemish CVI Ques-
tionnaire, 12-question Short CVI Questionnaire), scales of visual functioning (e.g., CVI
Range, developed by Roman-Lantzy), ophthalmological examination, neuropsychologi-
cal assessment of visual perception, visuomotor examination, neuroimaging, and genetic
testing are often used [5].

Although there is no standard treatment for CVI, children can develop strategies to
engage attention, capture visual information, or improve reading skills [6]. However,
long-term monitoring, individualized visual therapy, and interventions to improve func-
tional limitations are needed [7]. Visual therapy often focuses on training compensatory
strategies, e.g., training visual field scanning. For the most benefit, those interventions
should start early in life to maximize visual development and functional outcomes [8].
Moreover, they require months of therapy to become habitual [9]. To achieve the neces-
sary regularity, intensity, and consistency of the therapy, persistence of the patient and
adherence to the agreed therapy plan are important.

Play is the main tool for creating a therapeutic relationship with children, learning
new skills (e.g., cognitive, social, and sensory-motor skills), and realizing their own
potential [10]. Computer games are already accepted by most children and adolescents
who have a positive association with playing them [11]. Thus, serious aspects of games
(e.g., learning, training, rehabilitation) often take place without toomuch resistance. The
potential of serious games has been explained by brain plasticity, which is considered as
a basic principle in rehabilitation therapy for children with cerebral disorders [12]. The
use of serious games in rehabilitation and therapy leads to an increased motivation and
adherence to the therapy plan.

Individualization (i.e., adaptation, personalization, adaptivity, customization, etc.) of
serious games contributes hugely to their effectiveness [13]. The need for an individual-
ized therapy for childrenwithCVI is apparent,when considering differentmanifestations
of CVI, varying degrees of severity, and accompanying diagnosis, e.g., physical disabil-
ity, autism etc. In the scope of educational games, the most used aspects to inform the
individualization are performance (in-game, task skills), physiological (stress, anxiety,
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etc.), and personal (intelligence, learning style, etc.). Individualization of the game is a
complex task and requires decisions on what, how, and when to adapt.

There are several commonly used ways to decide on the starting level for players:
(1) all players start from the same first level, (2) the starting level is decided/set up
by the therapist based on players impairment, (3) the player chooses the starting level
(e.g. easy/medium/hard), or (4) the starting level is determined automatically based on
standardized test results, medical information etc.

The aim of this paper is the entry-level GD estimation based on the player’s visuop-
erceptual profile (VP), i.e. results of standardized visuoperceptual tests. The VP is
described in more detail in Sect. 3. Secondly, we compare two VP based formulas used
to calculate the entry-level GD. The first formula was defined by the therapists in the
field of therapy for children with CVI and the second formula was a result of regression
learning model.

2 Related Work

2.1 Games for (Cerebral) Visual Impairment

In a six-month study with 60 children (birth to 3 years old), Campaña et al. compared
Light Box (a product developed by the American Printing House for Blind (APH)
designed for working on functional vision tasks with children with visual impairment or
multiple disabilities) and an iPad. The iPad was introduced as a tool similar to Light Box.
Multiple iPad apps were used to elicit activation and interaction. The replacement of tra-
ditional rehabilitation tools with games on an iPad resulted in children being attracted
and paying more attention to what was happening on the screen. The iPad was found
to be superior and 100% of the participating children showed a significant increase in
communication, visual attentiveness, reaching, and activating elements on the screen
[14].

Bortoli and Gaggi developed a game called PlayWithEyes, targeted towards
preschool children, with a goal to help with vision testing (visual acuity and color
blindness) [15, 16]. Similar to standard vision testing, in the PlayWithEyes game, the
child needs to recognize presented symbols/images (LEA symbols and cartoon char-
acters) and their orientation. The symbol/image is presented on an external screen and
the child needs to input the answer on an Apple iPod Touch. The system has minimal
hardware requirements, including an iPod Touch, iPad, and an external monitor. Tests
with 65 children of kindergarten age (3 to 6 years old) were performed to evaluate the
game in terms of engagement of the children and the ability of the game to correctly test
children’s eyes. The results show that the game was able to reach the same conclusion
about visual acuity as the results from an ophthalmologist using a standardized exercise.

A large-scale interactive environment with three mini-games was developed in the
See-Sound project by Battistine et al. and the Robert Hollman Foundation. Several
mini-games for children with visual impairment were designed. The mini-games can be
configured by the therapist to suit the specific needs of the child. The system was piloted
with 11 visually impaired children, aged 3 to 8 years old [10]. The aim of the pilot study
was to evaluate the games: (1) in terms of player’s satisfaction and, (2) the usability and
usefulness of the games as a therapy tool. The player’s satisfaction evaluation showed that
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most of the children showed very high satisfaction with themini-games. User experience
of the participating therapists was positive and resulted in suggestions for improvements
and changes of the system.

A serious game called Help me!, developed by Ciman et al., aims to improve the
assessment and rehabilitation of children with CVI. The game has two goals: to train
the ability to see and touch an object at the same time, and to train problem-solving
capabilities. The system is configurable by the therapist and an optional eye tracker
can be used [17]. The game consists of three mini-games with different tasks, (1) Find
Nemo – where a child needs to look at the goldfish moving on the screen (used for
eye tracking system calibration); (2) Where is Peppa/George going – where the child
needs to follow a stimulus which stimulates eye movement and attention shift across
different quadrants of the screen; (3) Help me! Santa Clause’s assistant – where the
child needs to discriminate between target and intruder images [2]. In the pilot study
with 20 typically developing children of 4 years of age, the authors found that the game
is well understood, usable, and enjoyable for the children.

An iPad app, Tap-n-see Now, was created and designed specifically for children
with CVI, with Dr. Roman-Lantzy’s characteristics of CVI in mind [18]. The goal of the
game is to press an image moving on the screen. The graphics of the game are simple,
and the game is completely customizable, from the color of the background (default is
black), moving image, speed of movement, reward sound, and size of the image etc.

Waddington et al. designed and developed a serious game Eyelander for young
people with Neurological Visual Impairment (NVI) [19]. The game focused on teaching
compensatory strategies, namely visual scanning. Occupational, physical, speech and
language therapists, and young people participated in the iterative design process. The
game was tested with three groups, (1) four young people with a diagnosis or presenta-
tion of NVI, (2) eight therapists (occupational, physical, speech and language), and (3)
three young people with acquired brain injury. The Eyelander game consists of several
levels, and the main narrative is to help a character to escape an island. Completion of a
predetermined number of visual tasks results in an animation which leads the character
over an obstacle. The complexity of the visual tasks grows with increasing levels. Part
of the game is a visual field assessment tool which, based on correct responses, incorrect
responses and response time, creates a heat map representing participant’s visual field.

Since the visual impairment in children with CVI is at the brain level, serious games
for children with CVI need to train higher-level skills e.g., object recognition, figure-
ground perception, and visual spatial perception. Moreover, the diverse manifestations
and characteristics of CVI should be respected and the serious games should support
individualization. There are very few serious games created specifically for children
with CVI which focus on training higher-level skills, can be personalized and adapt to
child’s performance to keep the child in the flow. Our serious games aim to fulfill all
these criteria. You can find more information about iVision games in Sect. 4.

2.2 Serious Games with Entry-Level Individualization

Hocine et al. designed a serious game for attention training called Keep attention. As part
of the personalization, the player evaluates his/her attention, receives a daily score which
is then used to create the player’s profile [12]. The authors also developed an attention
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assessment test. The player’s profile is used by the difficulty adjustment module of the
Keep attention serious game and informs the decisions about each game level to better
fit the player’s needs and abilities. In a pilot study, eleven children (8–11 year old)
evaluated the game using the Game Experience Questionnaire - Core (GEQ) using the
following scale: 0 - not at all, 1 - slightly, 2 - moderately, 3 - fairly, and 4 - extremely.
Children found the game to be personalized to their abilities, the difficulty adjusted to
their abilities (GEQ score - M: 2.34; SD: 0.34), and the challenge balanced (GEQ score
- M: 2.29; SD: 0.68).

Eun et al. designed an exercise serious game Farming, containing four different
exercises, where an AI-based difficulty adjustment module was used to personalize the
game [20]. The target of the game was to engage andmotivate elderly (over 65 years old)
to play the serious game to prevent dementia. The Farming serious game implements
two levels of adaptivity. Firstly, an initial level is set based on the patient’s personal
information (i.e., cognitive and physical abilities obtained in a pre-survey questionnaire),
secondly, the difficulty level is adjusted based on the game performance. The difficulty
adjustment system is based on an expert group of fitness instructor defined rules. The
performance data are averaged over the last five plays, and the difficulty is lowered if
the success rate is under 80%, increased if it is over 90%, and unchanged if it is in the
range of 80–90%. In a three-month trial with 20 elderly participants (65–80 years old),
individual performance and average success rate increased, comparing one month and
three months of game play.

3 Visuoperceptual Profile

The visuoperceptual profile is an objective characterization of a child’s visuoperceptual
skills and consists of six visuoperceptual dimensions: (1) visual discrimination and
matching (VDaM), (2) object or picture recognition (OR), (3) visual-spatial perception
(VSP), (4) figure-ground perception (FGP), (5) motion perception (MP), and (6) visual
short-term memory (VSTM).

To quantify the visuoperceptual profile (VP), we analyzed clinical records of 630
children (2001–2018), extracted the test scores on 24 visuoperceptual subtests (e.g.,
L94, TVPS-3, Beery-VMI-6 etc.) and an expert panel clustered these subtests into six
VP dimensions. For each of the six VP dimensions, the experts indicated which of the
24 subtests contribute to it. To compute the score of the child on each of the six VP
dimensions, z-scores on each of the relevant subtests for every dimension are averaged,
resulting in six mean z-scores. The detailed description of the whole process of VP
construction can be found in [21].

In the context of the iVision games, the VP of a child is used to define the entry-level
difficulty. The design and development of the iVision games is briefly described in the
next section. The detailed description of the design and development process is in a
separate paper [22].
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4 iVision Games

The iVision gameswere developed in several iterations andphases (informant-led design,
first prototype development, therapeutic content evaluation, and formative testing and
expert feedback). The multi-disciplinary consortium participating in the various phases
of the design and development consisted of experts in fields such as vision science,
child neurology, physiotherapy, occupational therapy, experimental psychology, clinical
psychology, computer science, engineering, and therapeutic game development. We
designed, developed, and evaluated four seriousmini-games for training visuoperceptual
skills. The four mini-games – Match Maker, Hurricane Chaos, Maze Explorer 2D, and
Maze Explorer 3D – target the six visuoperceptual skills/dimensions of visuoperceptual
profile.

Match Maker is a card game where the player needs to find the matching pair of
images. The images often are not identical copies and one or both can be manipulated
(e.g., they can be incomplete, only show the outline, be overlayed with noise, etc.).
Hurricane Chaos is a search game where the player needs to find a set of objects
scattered on the screen. Each of the target objects has an associated audio instruction
to identify it. Moreover, there are several distractor objects scattered on the screen as
well.Maze Explorer 2D andMaze Explorer 3D are maze games where the player needs
to lead a character from start to finish of the maze. A mini-map showing the correct
path to finish is displayed on the side of the main map. Maze Explorer 2D shows a
top view perspective on the whole maze, while Maze Explorer 3D shows a first-person
perspective, Fig. 1.

Fig. 1. iVision games - Match Maker (top left), Hurricane Chaos (top right), Maze Explorer 2D
(bottom left), and Maze Explorer 3D (bottom right).
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5 Entry-Level Difficulty

The entry-level difficulty estimation refers to the problem of identifying a proper game
difficulty (GD) for the initial game sessions of a child. In the iVision games, entry-
level difficulty is calculated based on the performance of the children in a broad set
of 24 clinical visuoperceptual subtests which were translated into six dimensions of
visuoperceptual profile (VP). For the purpose of GD calculation, the six dimensions
z-scores were converted into percentiles. The resulting GD is a number between 0 and
100 and influences the difficulty level in terms of game settings.

In theMatchMaker game, difficulty is defined by the number of cards displayed on
the screen, image manipulation used, image difficulty, and the speed at which the cards
are presented on the screen. In the Hurricane Chaos, the game difficulty changes with
the changing number of objects the player needs to find among (changing number of)
clutter images shown on the screen and is also influenced by the image placement –more
towards the center of the screen or closer to the edges, image rotations, and the size of
the images. In the Maze Explorer game, the difficulty rises with the length/complexity
of the maze, placement of the points of interests on the cross points in the maze, and
guiding mini-map alterations (rotation inMaze Explorer 2D, and turning/hiding of the
mini-map in Maze Explorer 3D).

As explained in [21], the iVision researchers developed a scientific methodology for
computing entry-level GD based on the six dimensions. The formulas for entry-level
difficulty calculation are specified as the weighted sum of VP dimensions percentile
scores (Eq. 1) and differ per game.

GD =WWDAM ∗ VDAM + WOR ∗ OR + WVSP ∗ VSP

+WFGP ∗ FGP + WMP ∗ MP + WVSTM ∗ VSTM (1)

6 Expert-Defined Entry-Level Formulas

The importance of each VP dimension in each of the four mini-games was evaluated by
17 experts. Final weights are the means of the expert estimates and are summarized in
Table 1. The experts tended to provide considerably higher weights to two or three VP
dimensions per game (marked with a gray background) and they considered several VP
dimensions to be of very small to no relevance for each game.

The calculation of the GD definition based on expert knowledge and opinions raised
the question whether a data driven approach can predict a more appropriate entry-level
GD.

7 Data-Driven Entry-Level Formulas

The core idea of our data driven approach was to let children play a few sessions of
the game, starting from the expert estimated GD and let in-game adaptivity evolve
the GD. The GD stabilizes (converges) after a few gaming sessions. Subsequently, a
regression model was trained with the six VP dimensions as independent variables and
the converged GD as the dependent variable.
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Table 1. Expert model: weights assigned to each VP dimension

VP Dimensions
VDaM OR VSP FGP MP VSTM

Match Maker 0.5 0.2735 0.0706 0.0824 0 0.0735

Hurricane Chaos 0.1265 0.4971 0.1 0.2265 0 0.05

Maze Explorer 2D 0.0706 0.0441 0.5206 0.0647 0.1588 0.1412

Maze Explorer 3D 0.0371 0.0224 0.3941 0.0312 0.2212 0.2941

Note: Visouperceptual Profile Dimensions are visual discrimination and matching (VDaM), object or pic-
ture recognition (OR), visual-spatial perception (VSP), figure-ground perception (FGP), motion perception 

(MP), and visual short-term memory (VSTM) 

The gameplay data used as an input for the regression consists of the data of 42
children (22 female, 20 male), developmental age between 3–12 years (M: 6y3m; SD:
1y6m). The data was collected in four separate batches, lasting between two and four
weeks, recruiting 12, 9, 10, and 11 children, respectively. All children were diagnosed
with CVI. The purpose of each study was not to collect data for the regression model
specifically but to test usability, user experience, etc.

The in-game adaptivity module evaluated performance of the player after each game.
Based on the time to finish the level, number of mistakes, and usage of hints combined
with expert defined thresholds on these three parameters, the performance was evaluated
as either success, neutral, or unsuccess. Each child played several levels of the same
difficulty until a predefined number of successful, neutral or unsuccessful evaluations
was reached after which the GDwas changed (increased or decreased), making the game
more (or less) difficult.

7.1 Converged Game Difficulty

As an output value for our regressionmodel, we took the convergedGDwhichwe defined
as the GD the child was playing at without struggle. In the gameplay data collected over
several sessions/children, we detected when the child started to struggle, i.e., the first
time the performance was evaluated as neutral or unsuccessful.

Since the entry level GD should be appropriately challenging - not too easy, not too
difficult - and since it defines the settings of the very first level a child would play, we
decided a child should be able to play the games without struggle. Thus, by identifying
when a child starts to struggle, and defining an optimal entry level just before this level,
we believe to fulfil this condition.

We summarized the mean game difficulty at the start of the gameplay, defined by the
expert model and the mean converged game difficulty in Table 2. For all four games, the
expert model estimated lower GD than the converged GD we identified. The difference
varied between five points for Match Maker and up to 30 points for Maze Explorer 2D.
Mean difference refers to the difference between expert and converged GD, while mean
absolute difference is the mean of the absolute values of these differences.
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Table 2. Mean expert defined entry-level GD and converged GD

Mean (SD)
expert defined
entry-level GD

Mean (SD)
converged GD

Mean difference Mean absolute
difference

Match Maker 27.90 (21.45) 32.90 (20.80) 5.00 8.00

Hurricane Chaos 28.24 (22.54) 40.02 (24.26) 11.79 15.17

Maze Explorer
2D

23.71 (18.26) 53.83 (34.51) 30.12 31.17

Maze Explorer
3D

23.50 (18.07) 45.14 (21.41) 21.64 22.50

7.2 Linear Regression Setup

To perform the linear regression, we used Pythonwith Scikit Learn. The linear regression
model was defined as having six inputs (i.e., the six VP dimensions) and one output (i.e.,
the converged GD). The input parameters were collected before the start of each study,
and the converged GD was looked up manually, based on the criteria described above.

In contrast to the expertmodel, the regressionmodel learns a bias termof considerable
magnitude (ranging from around 10 to almost 35) and the model allows for positive and
negative weights. Unfortunately, for several VP dimensions, the model learns strong
negative weights. For instance, for Hurricane Chaos, it gives a weight of −0.995 for
VDaM and for MP it gives a weight of −0.85 to the game difficulty, meaning that the
better the child performs on the associated clinical subtests, the easier the game should
be. The weights obtained from the regression models are shown in Table 3.

Table 3. The weights assigned to each VP dimension by the Regression model

VP Dimensions

W0 VDaM OR VSP FGP MP VSTM

Match Maker 10.179 0.344 0.126 0.157 0.171 −0.388 0.103

Hurricane
Chaos

19.004 −0.995 0.196 0.630 0.423 −0.85 0.623

Maze
Explorer 2D

29.11 −0.101 −0.172 0.203 0.168 −0.569 0.780

Maze
Explorer 3D

34.552 0.164 −0.073 0.3484 −0.045 −0.379 0.065

Note: W0 is the bias term and Visouperceptual Profile Dimensions are visual discrimination and
matching (VDaM), object or picture recognition (OR), visual-spatial perception (VSP), figure-
ground perception (FGP), motion perception (MP), and visual short-term memory (VSTM)
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7.3 Expert Defined Model vs. Linear Regression Model Evaluation

To compare how well both models performed, we calculated several performance met-
rics, i.e., regression score (as defined by scikit-learn) (Score), root mean squared error
(RMSE), the coefficient of determination R2, and mean absolute error (MAE). The col-
lected dataset was split into a training and testing set using an 80:20 ratio. Given the
small sample size of our dataset, we repeated the experiment 1000 times. The average
results are shown in Table 4.

For Match Maker, both models predict the GD rather well (R2 is above 0.70 which
indicates moderate to good correlation [23] and MAE is around 8 for both). For the
other three games, the results of both models are poorer. For Hurricane Chaos and Maze
Explorer 2D, the regression model is clearly better than the expert model, for Maze
Explorer 3D the expert model is better than the regression model according to Score,
RMSE and MAE, but not according to R2. It is inconclusive which of the two models
performs best, as it differs per metric and game.

Table 4. Evaluation of the expert model and the regression model.

Regression model Expert model Significant difference

Match Maker Score 0.63 (0.27) 0.59 (0.33) *

RMSE 10.60 (3.41) 11.07 (3.89) *

R2 0.72 (0.20) 0.74 (0.19)

MAE 8.27 (2.23) 8.01 (2.60) *

Hurricane Chaos Score 0.38 (0.38) −0.10 (0.79) *

RMSE 16.77 (2.97) 21.71 (5.74) *

R2 0.56 (0.19) 0.44 (0.23) *

MAE 14.51 (2.74) 15.16 (4.94) *

Maze Explorer 2D Score 0.09 (0.57) −0.65 (0.80) *

RMSE 29.14 (5.92) 40.06 (8.42) *

R2 0.37 (0.22) 0.35 (0.21) *

MAE 24.46 (5.15) 30.92 (7.95) *

Maze Explorer 3D Score −0.25 (0.96) −1.60 (2.18) *

RMSE 20.65 (4.07) 28.94 (7.25) *

R2 0.22 (0.18) 0.26 (0.21) *

MAE 17.21 (3.57) 22.03 (5.91) *

Note: * means a significant difference at p < 0.05, RMSE is root mean squared error, R2 is the
coefficient of determination, MAE is mean absolute error



Entry-Level Game Difficulty Estimation 91

7.4 Expert Defined vs Regression Model Defined Formulas for Children
in a Randomized Control Trial

Currently, we are running a Randomized Control Trial (RCT) where over the course of
two years 80 children with CVI will play either the adaptive or non-adaptive (control
group) version of the iVision games. In the RCT, the regression model formula is used to
calculate the entry-level GD. So far, 46 children have completed the game-based therapy
part of the RCT, and we compared the entry-level difficulty calculated using the expert
defined vs. regression model defined formula. The results are summarized in Table 5.
A negative value, i.e., −22 in the “Min GD shift” column, reflects that the regression
model-based formula would produce a GD of 22 points smaller than the expert defined
formula, thus moving the player to a lower level. A positive value, e.g., 12 in “Max GD
shift” column, indicates the exact opposite, the regression-based formula would produce
a GD 12 points higher than the expert defined formula and would place the player in
a higher difficulty level. On average using the regression model formula, players were
placed to a slightly higher difficulty levels than if we have had used the expert defined
formula. The regression model formula places very few players, less than a quarter at
most, to a lower difficulty level than the expert defined formula would place them.

Table 5. Differences between using an expert-based formula vs a regressionmodel-based formula

Avg
difference

Min GD shift Max GD shift % moved to
higher level

% moved to
lower level

Match Maker 4 −22 12 24% 72%

Hurricane
Chaos

16 −37 55 24% 76%

Maze
Explorer 2D

35 −12 72 9% 91%

Maze
Explorer 3D

19 −33 34 13% 87%

8 Discussion

The entry-level estimation is a crucial part of the serious game’s individualization and
personalization. Starting a game at an appropriate level motivates the player to play the
game and lowers boredom and frustration. However, finding the correct starting level
is not trivial. The majority of games place players in the first level and subsequently
increase it in a predefined stepwise manner. Some games allow the players to choose
a starting level, often choosing between easy/medium/hard or give the therapists the
ability to set up the level difficulty. The last option seems the most relevant, however
therapists may find setting up the difficulty time inefficient and difficult, e.g., due to
necessary technical savviness, thorough knowledge of the game, and ability to estimate
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the players’ skills within the game. Moreover, home therapy and rehabilitation became a
norm and decisions about an appropriate game level in a tele-therapy session might not
be possible. Thus, automatic estimation of the entry-level, based on quantitative player
data, e.g., results in standardized visuopeceptual tests, would make the game difficulty
setup repeatable, consistent between therapists, and large-scale sustainable.

9 Conclusion

In this paper we presented the entry-level estimation for serious games for children with
CVI. We explained the importance of entry-level estimation as a part of the personaliza-
tion and individualization of serious games. We compared two approaches, namely an
expert-defined formula to calculate the entry-level game difficulty and a linear regres-
sion model-defined formula. We detailed the regression model definition, and presented
a comparison of the two models in terms of several performance metrics as well as what
difference using one over the other would make for the children participating in our
Randomized Control Trial.

In conclusion, there is a small difference in performance of the expert-defined and
regression model-defined formula to calculate the entry-level difficulty. This could be
because the experts’ knowledge and experience led to a correct estimation of importance
of each individual VP dimension in the calculation of the entry-level difficulty or it could
be because the sample size of the data for the regressionmodel was small. Moreover, due
to the small sample size, we were not able to train another regression model to determine
which of the 24 standardized visuoperceptual tests, used to calculate the full VP of a
child, have the smallest contribution to the entry-level estimation and thus could be
excluded from the battery of visuoperceptual tests administered. Lowering the number
of visuoperceptual tests which a child needs to undergo lowers the time the testing takes,
the frustration, boredom, and subsequently the reliability of the results of the tests.

Since the performance of the expert and regression model defined formulas was very
similar, we decided to use the regression model formula in the RCT. We also plan to
train the regression model again, once we have more data, i.e.. After the end of the RCT.
Sample size permitting, we would also like to train the second regression model, and try
to limit the number of the necessary visuoperceptual tests to create the VP of a child.
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Abstract. We study the impact of sound design – soundscape, sound
effects, and auditory notifications, namely earcons – on the player’s expe-
rience of serious games. Three sound design versions for the game Venci’s
Adventures have been developed: 1) no sound; 2) standard sound design,
including soundscapes and sound effects; and 3) standard sound design
with auditory notification (namely, earcons). Perceptual experiments
were conducted to evaluate the most suitable attention retention earcons
from a diverse collection of timbres, pitch, and melodic patterns, as well
as the user experience of the different sound design versions assessed in
pairs (1 vs. 2 and 2 vs. 3). Our results show that participants (n = 23)
perceive better user experience in terms of game playing competence,
immersion, flow, challenge and affect, and enhanced attention retention
when adopting standard sound design with the earcons.

Keywords: Sound design · Soundscapes · Sound effects · Earcons ·
Serious game · Attention · User experiences

1 Introduction

In recent years, serious games have been extensively employed in the domains of
training and education, including areas such as safety and security [24], pedagogy
for neurodivergent individuals [29], and support for educational processes [8,14].
Despite their growing popularity, studies have been criticizing serious games
due for their inefficiency as educational or training tools, primarily due to the
absence of a personalized user experience and poor attention retention during
the learning process [9].

Given the above context and limitations, a line of research on sound design
is being pushed to study user experience and attention in serious games and
educational environments [1,13,28]. Sound design is one of the most important
components of serious game [13]. However, dedicated and in-depth research on
the impact of different sound design techniques on user experience and attention
is yet to be conducted.

Sound design for games typically addresses four categories: sound effects,
soundscapes or ambient sounds, dialogue sounds, and musical events [3,6]. In
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this paper, we address soundscapes and sound effects only. Soundscapes refer to
the surrounding sonic environment of a particular scene or location [5]. Its design
typically adopts a mixture of real-world recordings and digital sounds [21]. For
example, in a driving simulation game, the soundscape can reproduce recordings
inside a car from a driver’s perspective, to which some synthesized sounds can
be added [25]. Sound effects usually refer to the sounds triggered when players
interact with game events. The link between players and game events or objects
can be built on sound effects.

This paper introduces two experiments to study sound design’s impact on
user experience and attention based on the serious game Venci’s Adventures.
Three different versions of the game were developed: 1) no sound, 2) standard
sound design (including soundscapes and sound effects), and 3) standard sound
design with auditory notifications or earcons. Perceptual experiments assessed
the best sonic parameters for the earcons’ design and the impact on user expe-
rience and attention of the three designed versions.

The remainder of this paper is structured as follows. Section 2 provides an
overview of previous research on sound design strategies for enhancing user expe-
rience and attention within serious games. Section 3 details the sound design
techniques applied to the serious game Venci’s Adventures and used in the
perceptual experiments. Section 4 presents the evaluation protocols used in the
experiments. Section 5 details the experiment results. Finally, Sect. 6 presents
the conclusions of our work and directions for future research.

2 Related Work

Previous studies have focused on the impact of sound design on the video gaming
user experience – namely in enhancing the player’s sense of immersion – and
attention.

Natasa et al. [21] studied the impact and influence of sound design, namely
soundscapes, sound effects, and dialogues, on users’ emotional responses and
immersion within augmented reality audio games. The authors found that sound
design is important in immersing and emotionally engaging the player in the
game world. Emmanouel et al. [23] studied the effect of real-time interactive,
ambient, and 3D spatial sounds in the game experience. Results show that inter-
active sound generation mechanics can improve the immersion and challenge of
the game experience.

Furthermore, sonic interaction design, namely sound effects, can increase
player’s experiences, such as enjoyment, learning, motivation, immersion, emo-
tional engagement, and attention in virtual worlds [1,7,18,20,26–28,30]. For
example, in the game ‘My Sound Space,’ Eriksson et al. [11] have shown that
ambient sound can redirect people’s attention to an ongoing cognitive activity.
Falkenberg et al. [12] have shown that peripheral auditory notifications could
direct people’s attention in a virtual retail environment.

Sound design is yet to be fully studied and explored in educational con-
texts. The work of Wang and Lieberoth [28] shows that game-based learning
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incorporating sound design has a demonstrably positive impact on students’
focus, involvement, satisfaction, knowledge acquisition, and drive during class-
room activities when contrasted with the absence of sound. Alseid and Rigas [1]
found that the teaching outcome of an online course can be improved by using
auditory earcons to convey keyword information to students.

3 Venci’s Adventures: A Serious Game on Cybersecurity
Awareness

Venci’s Adventures game adopts 2D platforming mechanics within Unity1 and
explores a cyber security-themed storyline, challenging players to improve their
cybersecurity knowledge. The game has four scenarios: beach, forest, cave, and
temple. Figure 1 shows the storyline. Cybersecurity problem-solving challenges
in each scenario drive knowledge acquisition. The challenges require the player
to answer several quizzes to assess their learning outcomes.

Fig. 1. Simplified storyline transitions of the serious game Venci’s Adventures. The
educational part, comprising quizzes, is presented subsequent to the game part within
the temple, forest, and cave scenes.

3.1 Soundscapes

Following [10,19], we adopt soundscapes comprised of continuous representative
‘physical-world’ sounds related to each scenario in Venci’s Adventures. These
sounds aim at helping players identify the environment and increase the sense
of immersion in the virtual world. To design each soundscape scenario, we fol-
lowed a threefold method. First, we identified and listed relevant sound sources
matching the visual scenarios. Second, we retrieved stereo sound samples for each
identified source from the online sound libraries Freesound2 and Soundcloud.3

1 https://unity.com, last accessed on May 15, 2023.
2 https://freesound.org, last accessed on 15 May, 2023.
3 https://soundcloud.com, last accessed on 15 May, 2023.

https://unity.com
https://freesound.org
https://soundcloud.com
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Third, we designed the soundscape narratives using the digital audio worksta-
tion Reaper.4 In the following sections, we detail the soundscapes sources of each
scene, matching the visual scenarios shown in Fig. 2, and their temporal narra-
tive development. In the supplementary materials to this article, we can find a
short rendering of each scene soundscape, available online at: https://figshare.
com/articles/media/Game sound/23153732.

Fig. 2. Four scenes in the serious game Venci’s Adventures: A. Beach scene B. Forest
scene C. Cave scene D. Temple scene.

The soundscape of the beach scene includes the following four sound
sources: ocean waves, wind, people playing on the beach, and birds chirping
at a distant forest. The sonic narrative starts with waves and wind sounds, as
the game character (GC) enters the beach scene. As the GC approaches people
playing on the beach, the player is immersed in the auditory experience of the
waves and the lively atmosphere of people engaging in beach activities. Specif-
ically designed to enhance realism, the sounds of people playing on the beach
seamlessly fade in and out as the GC passes by. Finally, as the GC concludes
the beach scene, the player’s auditory perception is enriched by the simultane-
ous presence of the soothing waves and the melodious chirping of birds within
the forest. This incorporation of forest bird sounds serves a dual purpose: to
facilitate a seamless transition between scenes and to evoke anticipation for the
forthcoming forest scene.

The forest scene’s soundscape comprises the following four sound sources:
birdcall and insect sounds, wind through swaying trees, and distant beach waves.
The transition from the beach to the forest scene is marked by the soundscape

4 https://www.reaper.fm, last accessed on May 2, 2023.

https://figshare.com/articles/media/Game_sound/23153732
https://figshare.com/articles/media/Game_sound/23153732
https://www.reaper.fm
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narrative that evolves around the enchanting birds chirping in the forest and the
gradually fading waves. As the GC reaches the midpoint of the forest, the player
becomes immersed in the experience of the wind gently rustling through the
trees, accompanied by the melodious chorus of birds and insects. Towards the
end of the forest scene, the player encounters a quiz on cybersecurity, signaled by
the distant birds chirping, serving as an auditory cue that signifies the impending
end of the scene.

The auditory landscape within the cave scene encompasses two primary
sound sources: the electronically synthesized sound of dripping water and the
presence of wind within caves, accompanied by its resonating echoes. The sound-
scape gradually transitions as the narrative shifts from the forest to the cave
scene. The fading melodies of birds and the gentle crashing of waves intertwine
with the growing prominence of wind and its echoes, effectively guiding the lis-
tener through the scene’s sonic metamorphosis. Upon reaching the midpoint of
the cave, the composition expands to include the atmospheric symphony of drip-
ping water, wind, and captivating reverberations within the cavernous space.
Finally, as the cave scene nears its culmination, a second cybersecurity quiz
emerges, accompanied by the gradual attenuation of wind sounds within the
cave, subtly signaling the impending end of the scene.

The soundscape within the temple scene is primarily characterized by the
immersive presence of wind sounds. Upon the GC’s arrival at the temple scene
via the cable car, the player is greeted by the resonant echoes of wind cap-
tured from the lofty heights of the surrounding mountains. As the GC ventures
into the temple and proceeds toward the educational section of the scene, the
auditory experience subtly shifts. In order to authentically recreate the indoor
atmosphere, the player is enveloped by the gentle whispers of the wind, faintly
perceptible, fostering a heightened sense of being within the temple’s sacred
confines.

3.2 Sound Effects

The crafted sound effects aim to enhance the player’s overall user experience,
emphasizing fostering a sense of immersion. Two primary types of sound effects
have been incorporated into the game design. The first type caters to the actions
and movements of the player’s in-GC, encompassing sounds like footsteps, jump-
ing, falling, and the collection and dropping of puzzle pieces. These sound effects
dynamically adapt to the visual context of each scene, taking into account vari-
ous environmental factors such as soil materials and textures (e.g., grass, wood,
stone, water, and sand). This careful synchronization between audio and visual
elements ensures a cohesive and realistic gameplay experience.

In contrast, the second type of sound effects is tailored to the objects and
entities surrounding the GC within the game world. This includes the likes of
seagulls, mosquitoes, flies, collapsing stone pillars, moving stone platforms, and
cable cars, as well as the audio cues associated with puzzles and other interactive
elements. While the first type of sound effects is presented in mono, the second
type embraces stereo techniques, leveraging the spatial positioning within the
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stereo sound field to enhance immersion. For instance, as players navigate the GC
through the forest scene, they can audibly perceive the realistic sound of flying
insects originating from various directions, amplifying the immersive qualities of
the game world.

3.3 Auditory Notifications

Auditory notifications are based on the design of earcons, i.e., short, structured
musical messages. Typically, designers adopt earcons to alert the player to events
that require their attention [2,4,19,22]. Based on guidelines for earcons design
reported in Blattner, Sumikawa, and Greenberg [2], we created 22 auditory noti-
fications with threefold attribute categorizations: pitch, timbre, and melodic pat-
tern. Pitch can be categorized either as high or low. The split point between the
two categories is the C2 note or 65.41 Hz. Earcon’s timbre is categorized as either
simple or complex tones. Melodic pattern is categorized as either a unique tone
or a broken chord with ascending, descending, or a combination of both patterns.
Eleven notifications signal incorrect answers (the I-part notifications), while the
remaining denote correct answers (the C-part notification). Table 1 summarizes
the attributes of all created auditory notifications. All earcons do not exceed two
seconds in duration, and we classify them as more than one second (>1 s) and
less than one second (<1 s). The supplementary materials to this article, avail-
able online at https://figshare.com/articles/media/Earcons/23152871, include
all designed earcons.

Fig. 3. The educational part of the temple scene.

An example of the auditory notification’s use in Venci’s Adventures is shown
in Fig. 3. In the quiz part of the temple scene, where the player needs to control
the GC to select the correct spelling of the web domain by stepping on the
underground press button. The earcons signal the sound of the push buttons.

https://figshare.com/articles/media/Earcons/23152871
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Table 1. Sonic attributes of the 22 earcons designed for the Venci’s Adventures game.
The I and C earcons represent incorrect and correct answers given by players during
the educational part, respectively. Timbre is classified as simple or complex tones, while
pitch is divided into high and low frequencies. The melodic pattern includes unique
tones or broken chords with ascending, descending, or combined directions.

Timbre Pitch Pattern Timing

I1 Simple High Unique tone <1 s

I2 Complex High Broken chord Descending >1

I3 Complex High Broken chord Descending <1 s

I4 Simple Low Unique tone <1 s

I5 Complex High Broken chord Descending-Ascending >1 s

I6 Complex Low Broken chord Descending >1 s

I7 Complex High Broken chord Descending >1 s

I8 Complex Low Broken chord Descending <1 s

I9 Complex Low Broken chord Descending <1 s

I10 Simple Low Unique tone <1 s

I11 Complex Low Broken chord Descending <1 s

C1 Complex High Unique tone <1 s

C2 Complex High Broken chord Ascending >1 s

C3 Complex High Broken chord Ascending <1 s

C4 Complex High Broken chord Ascending <1 s

C5 Complex Low Broken chord Descending >1 s

C6 Complex High Broken chord Ascending >1 s

C7 Complex High Broken chord Ascending <1 s

C8 Complex High Broken chord Ascending >1 s

C9 Complex High Broken chord Ascending >1 s

C10 Complex High Broken chord Ascending >1 s

C11 Complex High Broken chord Ascending >1 s

4 Evaluation

We conducted two experiments. The first experiment’s primary objective was
identifying the most effective sonic parameterization for auditory notifications
or earcons. Subsequently, the second experiment aimed to assess participants’
game experiences within the serious game Venci’s Adventures under two dis-
tinct conditions: with and without sound. To achieve this, we first investigated
the general game experiences of participants based on two game versions: the
no-sound version, lacking auditory elements, and the standard sound design ver-
sion, incorporating soundscapes and sound effects per the game’s intended expe-
rience. Furthermore, we also explored the potential of well-designed auditory
notifications to enhance participants’ attention in serious games by comparing
participants’ engagement in the standard sound version and an additional noti-
fication version. The notification version is made by adding additional auditory
notifications to the standard sound version.
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A total of 23 individuals, comprising 8 females and 15 males, ranging in age
from 18 to 54, willingly volunteered to partake in our experiments. The age
groups of the participants were distributed as follows: 69.6% were aged between
21 and 30 years old, 21.7% below 20 years old, and the remainder were aged
between 31 and 40 years old. Most participants (65.2%) had previous experience
with online educational tools and were familiar with the online questionnaires.
Due to confidentiality agreements, all participants were employees of the com-
pany Emvenci Portugal Limitada, as the Venci’s Adventures game was still under
development at the time of the experiments.

4.1 Experiment 1: Earcons Design

Each participant was guided through a twofold structured protocol for the first
experiment encompassing two steps. First, demographic information for each
participant was collected, including age range, gender, and prior experience with
online educational testing. Collected data assisted in establishing a comprehen-
sive participant profile for subsequent analysis.

Second, participants were exposed to two sets of earcons specifically designed
to signal incorrect and correct answers in the quiz, referred to as the I- and C-
part notifications. Within each set, earcons were presented by a uniform random
allocation to avoid order effects. After each earcon, participants were prompted
to assess their efficacy in signaling an incorrect or correct response. Participants
used a seven-point Likert scale ranging from one (not at all) to seven (very much)
to rate their perceptions.

We computed descriptive statistics reporting average ratings and their stan-
dard deviation to analyze the perceptual data regarding the efficacy of different
earcons within each set. Earcons with the highest ratings will be understood as
the more effective in eliciting incorrect and correct answers. Furthermore, we
will assess user preferences in terms of sound parameters, namely in terms of
pitch and timbre in the I-part earcons, which provide a more balanced number
of examples across parameter changes. To this end, we apply a two-tailed paired
t-test, assessing the probability of the two sample data occurring by chance. We
adopt p ≤ .01 as a reference for statistical significance.

4.2 Experiment 2: User Experience and Attention

The second experiment was structured into four distinct phases. Phase one con-
sisted of a pre-experimental questionnaire and group allocation. In detail, par-
ticipants were first required to complete a pre-experimental questionnaire, which
encompassed demographic information such as age range, gender, and the pres-
ence of any hearing impairments. As the experiment heavily relied on auditory
stimuli, it was crucial to ensure that all participants had normal hearing capabil-
ities. Based on the collected data, we split participants into two groups (named
Groups 1 and 2), to prevent any potential biases or repetitive measures effects.

In phase two, participants were introduced to Venci’s Adventures game and
provided consent for video recording. All participants received comprehensive
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instructions regarding the basic operation of the Venci’s Adventures game. Fur-
thermore, participants were explicitly asked for their consent to have their game-
play actions video recorded for subsequent analysis.

Phase three was distinct for each participant group. Participants in Group
1 conducted an assessment of the impact of the sound design in Venci’s Adven-
tures using a adapted version of the In-game version of the Game Experience
Questionnaire (GEQ) [15,16]. Participants in Group 1 played the no sound and
standard sound design versions of the game. To avoid order effects a uniform
random allocation of the versions order was adopted. After each version, partic-
ipants were asked to complete the GEQ, as outlined in Table 2. Depending on
the sound designed version played, participants were asked to respond to GEQ-
NoSound and GEQ-Sound for no sound and sound design versions, respectively.
The questionnaire includes 14 questions assessing players’ competence, immer-
sion, flow, tension, challenge, and positive and negative emotions based on items
proposed in the core guidelines suggested by IJsselsteijn et al [15]. Each dimen-
sion comprises two questions, and the average ratings of these questions are
utilized to represent the respective dimension’s score.

Table 2. Questions of the questionnaire used in the main part of the first experiment.

Dimensions No. Questions (GEQ-NoSound and GEQ-Sound)

Competence Q1 Feel very skillful

Q2 Feel fast at reaching

Immersion Q3 Keep you interested

Q4 Enrich your gaming experience

Flow Q5 Immerse you entirely

Q6 Keep you deeply concentrated

Tension Q7 Annoyed you

Q8 Make you feel irritable

Challenge Q9 Pressured you

Q10 Made you have to put a lot of effort into it

Affect (+) Q11 Make you feel good

Q12 Make you enjoy

Affect (−) Q13 Gave you a bad mood

Q14 Gave you tiresomely

Participants in Group 2 examined the impact of the earcons pre-selected
in experiment 1 in attention retention during the educational parts or quizzes.
To investigate whether the earcons in addition to the standard game sound
design version enhances participants’ attention during important educational
segments of the serious game, a tailored questionnaire was developed based on
the questionnaire design approach known as Game Mode Specific Questionnaire
(GMSQ), proposed in [23].

Participants played the standard sound design version of the game and the
sound design version with auditory notifications or earcons. To avoid order effects
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a uniform random allocation of the versions order was adopted. After each game
version, participants were asked to complete the Game Mode Specific Question-
naire for the sound design version (GMSQ-Sound) and with the addition earcons
(GMSQ-SoundNotify), as presented in Table 3. This questionnaire aimed at cap-
turing the participants perception on attention, focus and response feedback
during the quiz parts of the game.

Table 3. Questions of the questionnaire used in the main part of the second experiment.

No. Questions (GMSQ-Sound and GMSQ-SoundNotify)

Q1 Maintain your attention

Q2 Make me focus more on when choosing a question

Q3 Enhance attention to the outcome of your response

Q4 Rate to what extent the notification/none influenced
the way you chose your answer

Q5 Rate to what extent the notification/none make you
realize your answer is wrong

Q6 Rate to what extent the notification/none make you
realize your answer is right

In both questionnaires, all participants are asked to use the Absolute Cate-
gory Rating (ACR) System to rate their experience independently on a category
scale. ACR is recommended by ITU-T P.910 [17], shown in Table 4. Participants
were measured using five categories: Not at all, Slightly, Moderately, Fairly, and
Extremely.

Table 4. Absolute Category Rating (ACR) System.

Rating Scale 1 2 3 4 5

Absolute Category Not at all Slightly Moderately Fairly Extremely

To compute the results and infer trends in the collected data, we calculated
descriptive statistics (average and standard deviation). Furthermore, we assessed
the statistically significant differences between sound design version (1 vs. 2 and 2
vs. 3) using a two-tailed paired t-test, assessing the probability of the sample data
to occur by chance. We adopt p ≤ .01 as a reference for statistically significant
results.

5 Results and Discussion

5.1 Experiment 1

Figure 4 shows the average and standard deviation ratings for the I-part (a) and
C-part (b) earcons under evaluation. The I6 and C6 earcons had the highest
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average rating in each part. They were adopted in the Venci’s Adventures game
as they have been perceptually rated as the earcons providing the most efficient
sound in signaling both incorrect or correct answers, respectively. Experiment
2 adopts the I6 and C6 earcons in the sound design version of the game with
auditory notifications.

Fig. 4. The average and standard deviation perceptual ratings of the 22 earcons in the
I-part (a) and C-parts (b) on the left and right, respectively. I- and C- parts signal
incorrect and correct answers. The sonic attributes of designed earcons are shown in
Table 1.

In addition, we explored parameter preferences in the designed I-part and
C-part earcons in terms of timbre (simple vs. complex tone) and pitch (low
vs. high), as shown in Table 1. The two-sample unequal variance test results
suggest no significant statistical differences for both parameters under study,
with p ≥ .05. Nevertheless, the findings indicate a potential association between
incorrect and correct responses to low (descending) and high (ascending) pitch,
respectively, and a prevailing inclination towards complex timbre eracons. Future
research with a more in-depth parameters analysis shall be conducted. A uniform
distribution per sonic attribute and inter-parameter relations may yield more
enlightening results.

5.2 Experiment 2

Figure 5 shows the average ratings of Group 1 responses to the GEQ comparing
the no sound (GEQ-NoSound) and standard sound design (GEQ-Sound) versions
of the game. As shown in Fig. 5, the standard sound design version ranked much
higher than the no sound version in almost all user game experience dimensions
– competence, immersion, flow, (low) tension, (low) challenge, positive affect,
and (low) negative affect.

The enhanced user experience reported by participants in the standard ver-
sion can be attributed to the heightened audio-visual synchronicity observed
between all scenes and movements of the GC and the corresponding real-world
experience. For instance, as players engage in the serious game and progress
to the beach scene, they naturally anticipate hearing the sound of waves and
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birds chirping following the visual depiction of the sea and birds’ presence. The
absence of such auditory stimulation can lead to incongruences between the play-
ers’ expectations and the game’s imagetics, ultimately resulting in a subpar user
experience.

The paired t-test results, with a 1% significance level, assessing statistical
differences between the no sound and standard sound version per question, are
shown in Fig. 5 as an asterisk (*), after the question number in the x-axis, when-
ever the statistical significance is found. Significant statistical differences enforce
the importance of standard sound designing in enhancing the user experience
regarding competence (achievements), immersion, flow, positive affect, and low
negative affect.

Non-significant statistical differences were found in dimensions of competence
(skills) and more expressively in the dimensions of tension and challenge. The less
expressive differences between the standard sound version in terms of tension and
challenges suggest that some designed sounds may have triggered some irritable
reactions from the participants leading to potential distractions. To address this
concern in future endeavors, we may consider assessing the component sounds
individually before the game experience and, eventually, a greater degree of
variation or adopting generative strategies to increase the variability over time.

A final note on the comparison of the players’ perception of their competence
(p ≥ .05) and challenge (p ≥ .05), respectively. The findings signify that sound
design has the potential to evoke a dual effect on players, wherein they perceive a
reduced sense of competence while simultaneously experiencing heightened levels
of challenge. Furthermore, there exist two plausible explanations for the afore-
mentioned outcomes. The first explanation posits that the existing four scenes
within the serious game may be too straightforward for all players, resulting
in the perception that the game can be effortlessly managed without requiring
significant skill or exertion. Under such circumstances, distinguishing the dispar-
ities in challenges between the two game versions becomes arduous for players.
The second explanation revolves around the notion that game sound predomi-
nantly influences individuals’ subjective experiences during gameplay, exerting
only a limited impact on the objective aspects of game-related sensations.

Figure 6 shows the average ratings of Group 2 responses to the Game Mode
Specific Questionnaire (GMSQ) comparing the standard sound design (GMSQ-
Sound) and with additional auditory notifications (GMSQ-SoundNotify) ver-
sions of the game. As shown in Fig. 6, the notification version was rated higher
in all questionnaire dimensions – measuring attention retention, focus, attention
enhancement, and feedback information. It shows that the added auditory noti-
fications improve the players’ attention during the quiz part of the serious game
compared to the standard sound design version.

The paired t-test results, with a 1% significance level, assessing statistical dif-
ferences between the standard sound version and the added notification version
per question, are shown in Fig. 6 as an asterisk (*), after the question number
in the x-axis, whenever the statistical significance is found. The results indicate
that, compared to the standard sound version, the auditory notification provid-
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Fig. 5. Comparison of the average ratings of the GEQ-NoSound and GEQ-Sound.
Questions numbers followed by asterisks (*) denote statistically significant results with
p ≤ .01.

ing feedback sounds representing the incorrect and correct answers, attention
retention, and focus have highly significant positive effects on the participants
(with p ≤ .01).

The auditory notifications representing the incorrect and correct answers
can induce the player to focus on the quiz part of the game. Compared to the
standard sound design version, in the auditory notification version, both the
auditory notification sound representing the player’s answer is correct and the
sound representing the player’s answer is incorrect to have significantly positive
effects on capturing more attention during the play stages in the education part.

The auditory notifications signaling correct and incorrect answers have the
potential to direct the player’s attention towards the quiz components of the
game. In comparison to the standard sound design version, the inclusion of audi-
tory notification sounds denoting both correct and incorrect player responses
within yields noticeably positive effects in terms of garnering heightened atten-
tion during the educational stages of gameplay.
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Fig. 6. Comparison of the mean values of GMSQ-SoundNotify and GMSQ-Sound.
Questions numbers followed by asterisks (*) denote statistically significant results with
p ≤ .01.

6 Conclusions and Future Work

In this study, we empirically examine the influence of sound design on user expe-
rience and attention in the serious game Venci’s Adventures. Two experiments
were conducted to empirically assess the perception of user in: 1) selecting the
most effective earcons in retaining the user attention and conveying feedback on
quiz responses and 2) assessing the impact on user experience of threefold seri-
ous game versions – no sound, standard sound design including soundscapes and
sound effects, and standard sound design with earcons. Three main conclusions
were drawn from our results.

First, in the first experiment, the earcons evaluation led to the selection of
two auditory notification that proved to be the most effective in retaining the
attention from the user and providing clear feedback in terms of the correctness
of the answer during a quiz. Further analysis of earcon parameters revealed no
significant preferences with regards to timbre (simple vs. complex tone) and
pitch (low vs. high).

Second, the standard version of the serious game has been perceived as convey-
ing a significantly positive effect on players’ user experiences in terms of immersion,
flow, and (positive) affect, when compared to the no-sound version. Additionally,
it resulted in fewer negative experiences in terms of tension and negative affect for
players. This can be attributed to the proper sound design in the serious game,
which meets players’ expectations by incorporating specific sounds based on their
life experiences, thus providing a favorable gaming experience.

Furthermore, an intriguing results was observed. Players did not perceive
significant disparities in skill and effort between the standard and no-sound
versions of the serious game. Two possible explanations were posited: 1) the
existing four scenes of the serious game are too easy for all players to discern



Sound Design Impacts User Experience and Attention in Serious Game 109

the variation in difficulty caused by different game versions; 2) the perception
of difficulty is objective, and sound design primarily impacts players’ subjective
experiences and moods during the game, rather than objective perceptions.

Third, the sound design version featuring auditory notifications or earcons,
in comparison to the standard sound design version, exhibited significantly pos-
itive effects on measuring attention retention, focus, attention enhancement, and
feedback during the educational stages of gameplay (i.e. quizzes). Both the audi-
tory notification sounddenoting correct and incorrect answers contributed to these
effects.

In summary, sound design constitutes a crucial and indispensable compo-
nent of serious game development, ensuring an enhanced gaming experience for
players. Moreover, employing specific sound types, such as earcons created using
musical notes and sine tones, as auditory notifications, can effectively improve
players’ attention in serious games.

Future research endeavors will involve a systematic analysis of how the sonic
attributes present in earcons lead to variations in implication, as well as the
impact of different sound designs encompassing ambient sounds and sound effects
on players’ attention in serious games. Based on the findings, generalized good
practices for serious game sound design will be unveiled to enhance learners’
attention and improve learning outcomes.
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Abstract. In this paper, we propose a novel method for simplifying the
design of adaptive educational games by integrating Knowledge Space
Theory (KST) with real- and/or build-time knowledge space alterations
based on a story model and player progress. Our approach streamlines
the design process by providing a more manageable learning experi-
ence for players, facilitating collaboration among game designers, educa-
tors, and narrative designers, and enhancing the overall effectiveness of
serious games. By combining build-time and real-time adaptation tech-
niques, our method enables dynamic learning experiences that maintain
an engaging narrative structure while ensuring that the game remains
focused on its learning objectives. We discuss the implications, potential
benefits, and limitations of our approach, and provide an example of its
application in the development of a vocational training serious game for
teaching IT-security at the workplace. Future research directions include
the evaluation of the adaptivity and learning engagement of players, as
well as exploring more complex adaptations and additional educational
fields.

Keywords: Adaptive educational games · Knowledge Space Theory ·
Serious games · Game design · Narrative structure · Learning
experience · Build-time adaptation · Real-time adaptation ·
Personalized learning · Educational technology

1 Introduction

Adaptive serious games enhance the learning experience by adjusting to individ-
ual learners and providing a personalized experience that addresses their unique
needs and goals [1,2]. With the increasing complexity of games, it becomes essen-
tial to provide an engaging experience that seamlessly integrates learning with
storytelling [3]. Knowledge Space Theory (KST), first introduced by Doignon
and Falmagne (1985) [15], has become a widely used approach in designing
adaptive educational systems, as it offers a structured representation of learn-
ers’ knowledge and enables tailoring learning content to individual needs and
preferences.
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In this paper, we propose a novel approach to simplify the design of learning
games using Knowledge Space Theory and either build-time or real-time knowl-
edge space alterations - where build-time alterations refer to changes made dur-
ing the design process, and real-time alterations occur dynamically during game-
play - based on player progress, allowing for dynamic learning experiences while
maintaining an engaging narrative structure. Our approach has the potential to
significantly impact the field of serious games by facilitating collaboration among
game designers, programmers, educators, and narrative designers, streamlining
the design process, and ultimately creating more immersive and effective serious
games that cater to individual learners’ needs and preferences.

Our objective is to design a system that initially simplifies a complex knowl-
edge space domain, given a specific story model. This process enhances the task
development by allowing a more concentrated approach. Subsequently, the sys-
tem evolves to accommodate the domain alterations in response to the player’s
progression, optimizing the learning path adaptation corresponding to the indi-
vidual decisions made by the player.

The paper is structured as follows: Sect. 2 presents a review of related work
in adaptive educational games, focusing on the use of Knowledge Space Theory
and storytelling techniques; Sect. 3 introduces our proposed method, describ-
ing build-time adaptation, run-time adaptation, and the hybrid model; Sect. 4
discusses the implications and potential benefits of our approach; and Sect. 5
concludes the paper and highlights future research directions.

2 Related Work

Adaptive educational games have gained increased attention in recent years due
to their potential to provide personalized learning experiences that cater to indi-
vidual learners’ needs and preferences [1,2]. Several approaches have been pro-
posed to achieve adaptivity, such as Bayesian networks, reinforcement learning,
and machine learning techniques [11,12]. However, Knowledge Space Theory
(KST) has been widely used as a foundation for designing adaptive educational
systems, offering a structured representation of learners’ knowledge and a means
to adapt the learning content accordingly [9,14].

A notable work in adaptive educational games is the 80Days project, which
focuses on adaptive digital storytelling to create engaging and personalized learn-
ing experiences for players [16]. The authors propose various story models,
including linear, non-linear (we will call this graph-based), and re-use models
as seen in Fig. 1. The linear model provides a straightforward and fixed narra-
tive path, while the non-linear model allows for branching paths and increased
adaptivity based on player choices including cycles. The re-use model enables
the efficient use of story elements in different narrative segments, providing addi-
tional flexibility in story adaptation. These models offer valuable insights into
the design of adaptive educational games and are relevant to our method, which
utilizes build-time and real-time algorithms for linear and non-linear story mod-
els, respectively with the only limitation to use only acyclic graphs when using
the non-linear form.
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Fig. 1. left to right: linear, non-linear, re-use [16].

Another approach to designing adaptive educational games is presented by
Moreno-Ger et al. [17], who propose a content-centric development process model
for creating serious games. Their model takes into account learning objectives,
educational content, and assessment strategies while developing the game, ensur-
ing that the adaptation process is well-integrated with the overall game design.
Although this approach provides a comprehensive framework for designing edu-
cational games, our method specifically focuses on simplifying the design process
through streamlining the knowledge space domain and applying real-time knowl-
edge space alterations, aiming to provide a more streamlined and efficient game
design process.

Storytelling techniques have been recognized as valuable components in edu-
cational games, as they can enhance the learning experience by offering an engag-
ing and immersive environment for learners [3,6]. Adaptive techniques have
been successfully implemented in various educational games, such as EcoDe-
fender [13], to provide personalized learning experiences for players. In this con-
text, Kickmeier-Rust et al. (2009) present a narrative-based approach to per-
sonalizing in educational games, emphasizing the importance of storytelling and
its integration into the adaptation engine [7]. Their system tailors the narrative
structure and content based on the learner’s needs, preferences, and learning
context, creating a more engaging and effective learning experience.

In a similar vein, Hockemeyer et al. (1996) explore the use of Knowledge
Space Theory in serious games and educational games, introducing the concept
of a relational adaptive tutoring hypertext environment based on knowledge
space theory [9]. Other works have also demonstrated the potential of KST in
various game contexts, such as Kickmeier-Rust and Albert (2010), who developed
an adaptive educational game called “80Days” (see above) that employs KST to
facilitate micro-adaptive learning scenarios [14].

Our approach builds upon these concepts by using narration to alter the
educational model, specifically the knowledge space, in order to incorporate the
story at the core of the game. By combining Knowledge Space Theory with real-
time knowledge space alterations based on player progress, we aim to provide
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a dynamic learning experience that maintains an engaging narrative structure
while simplifying the design process for game designers and programmers. This
sets our approach apart from other adaptive serious games methods, offering a
unique contribution to the field.

3 Method

In this section, we present our proposed two-step approach for simplifying the
design of adaptive educational games using Knowledge Space Theory and real- or
build-time knowledge space alterations based on player progress. Our approach
aims to create a more streamlined workflow for narrative designers, educators,
and game designers while ensuring the learning experience remains engaging and
effective.

3.1 Knowledge Space Domain and Story Creation

The first step in our approach involves the creation of two separate elements:
the narrative structure and the knowledge space domain. The knowledge space
domain is represented as an acyclic directed graph, where each edge represents
a prerequisite relation between knowledge items. In accordance with Knowledge
Space Theory, these prerequisite relations indicate that a learner must acquire
a specific knowledge item before being able to learn another.

Narrative designers develop the story, which can be either linear or repre-
sented as an acyclic directed graph. This requirement of an acyclic structure for
the story is an assumption made to ensure that the narrative can be effectively
integrated with the knowledge space domain. Educators create the knowledge
space domain, modeling the learners’ knowledge and skills. In this step, narrative
designers and educators work independently.

3.2 Linking Nodes and Altering the Knowledge Space

After both the narrative structure and knowledge space domain have been cre-
ated, narrative designers and educators come together to link the story items
and knowledge items. This linking process creates a connection between the nar-
rative and the educational content, which will be utilized by the algorithm to
modify the knowledge space.

The linking process between the story model and the knowledge model serves
a dual purpose. Firstly, the link from the story model to the knowledge model
facilitates the modification of the Knowledge Space Domain. Secondly, the link
from the knowledge model to the story model acts as a trigger for story pro-
gression: Consider a story item, S i, and its associated knowledge item, K i. As
long as K i remains unlearned, the player cannot progress in the story. However,
once K i is learned, the player has effectively acquired all the relevant knowledge
required for the current narrative context, enabling them to advance to the next
story item, S i+1.



Bridging the Gap: Knowledge Spaces and Storylines in Serious Games 115

The transition from S i to S i+1 can be implemented in various ways accord-
ing to the developers’ preferences. For instance, they may choose to use quests
or cut-scenes for each edge within the story graph, employing these mechanics
to guide players from one story item to another. This approach ensures both a
scientifically grounded and comprehensible method for integrating knowledge-
based adaptation and story progression in educational games.

Depending on whether the narrative structure is linear or represented as
a graph, there are two scenarios for knowledge space alterations: build-time
adaptation (linear) and run-time adaptation (graph based). We then expand on
these and propose a hybrid method.

3.3 Build-Time Adaptation

In the build-time adaptation scenario, narrative designers provide a linear story
sequence, while educators provide a Knowledge Space Domain. In the following
algorithm step 1 is human input while every subsequent step cam be made fully
automatic.

The algorithm for modifying the knowledge space based on this linear story
consists of the following steps:

1. Sequentially associate each story item (S i) with a knowledge item (K i) in
the knowledge space domain (Fig. 2).

Fig. 2. Story-Knowledge-Association.

2. Construct a set of sub-domains (D i) for each story item as follows:
(a) Include the knowledge item (K i) associated with the story item (S i) and

all its predecessors in the knowledge space domain.
(b) Remove any knowledge items that already exist in previously created

sub-domains from the current sub-domain (D i) (Fig. 3).
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Fig. 3. Sub-Domain Extraction.

3. For every sub-domain, denoted as D i, new edges are introduced into the
knowledge space domain. These connections are established from the knowl-
edge item, K i, that correlates with the story item, S i, and extend to each
item in the following sub-domain, D (i+1), which does not possess a predeces-
sor within its own sub-domain. The previous process of crafting sub-domains
results in domains that each contain exactly one leaf and one or more roots.
So this step could be expressed as: “Link the leaf of D i with every root
of D i+1.” This systematic construction ensures the efficient organization of
knowledge items within the knowledge space.

4. Perform a transitive reduction on the entire knowledge space domain to elim-
inate redundant edges while preserving transitive correctness.

The outcome of this procedure is a less complex, more linear knowledge
space. As seen in Fig. 6 and 7 a Knowledge-Domain in the field of It-Security
was simplified and streamlined.

Furthermore should be noted, that not every story item has to be associated
to a knowledge item. This way the player can progress in the story without
having to learn an entire sub-domain. The drawback of this is again, that it is
more complex to design quests that can appear in a multitude story items (Fig. 4
and 5).

Fig. 4. New Edge Creation.
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Fig. 5. Transitive Reduction.

The proposed method is currently being utilized in the development of an
educational game titled “DROP TABLE students;”. This game is part of the
larger project “SG4BB”, which is funded by the German Ministry for Science
and Education through the INVITE research program for vocational training.
The primary objective of the game is to provide IT-security training to employees
across various professions. Initial analysis of the Knowledge Domain, as depicted
in Fig. 6, reveals its extensive scope, resulting in a large set of Knowledge Items
that learners may encounter at any given point in the story. By implementing
the proposed approach, the Knowledge Domain is automatically streamlined,
thereby reducing the pool of available knowledge items for learners at each step,
as illustrated in Fig. 7. The linear portion of the domain exhibits minimal branch-
ing, allowing for adaptability and sequencing. It is important to note that this
work is still ongoing, and the final configuration and size of the Knowledge
Domain is subject to potential revisions and refinements.

Fig. 6. Knowledge Domain before adaption.
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3.4 Run-Time Adaptation

In the run-time adaptation scenario, the narrative designers create a story graph,
which resembles the non-linear model presented in the 80Days project [16]. A
graph based story model makes it impossible to use the build time algorithm,
unless one simplifies the story into macro-story-nodes so it resembles a linear
story again. Since the build time algorithm is unable to handle complex graph-
based story-structures, the algorithm must alter the knowledge space in real-
time, making adjustments one step at a time as the player progresses through
the story. This allows for dynamic adaptation based on the player’s progress and
the current state of the narrative. One can think about a complex story graph,
but after the player progressed through the whole story, the path the player took
is then again a linear path. With this, we can make the real-time adaptation
similar to the build-time adaptation, but with one little twist: After every single
iteration of a story item, we pause the algorithm and start a transitive reduction.
We then continue with the algorithm the moment the player progresses to the
next associated story item. Now we have the following steps to take;

Fig. 7. Knowledge Domain after adaption.

1. Sequentially associate each story item (S i) with a knowledge item (K i) in
the knowledge space domain at build time, set i = 0;

2. Construct a sub-domain (D i) for the current story item as follows:
(a) Include the knowledge item (K i) associated with the story item (S i) and

all its predecessors in the knowledge space domain.
(b) Remove any knowledge items that already exist in previously created

sub-domains from the current sub-domain (D i).
3. For this sub-domain (D i), introduce new edges in the knowledge space

domain: Connect the knowledge item (K i) associated with the story item
(S i) to every item in the subsequent sub-domain (D (i+1)) that has no pre-
decessor within its own sub-domain.
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4. Perform a transitive reduction on the entire knowledge space domain to elim-
inate redundant edges while preserving transitive correctness.

5. Wait for story progression of the player, then increase i by 1 and go to 2.

Since the adaption is purely made in runtime, the benefit of a less complex
knowledge space in build time remains unused. The advantage of adapting the
knowledge space in runtime is a limiting set of Knowledge Items a player or
learner can encounter. This way - when using a big and complex knowledge
space - the learner keeps learning a small set on knowledge items before travers-
ing further to the next items to learn. This is utilized to achieve our goal in
supporting the creation of the individual learning path of the player.

4 Discussion

Our proposed approach for streamlining the design process of adaptive educa-
tional games using Knowledge Space Theory and knowledge space alterations
presents potential benefits for learners, game designers, and educators alike. By
simplifying the knowledge space domain, we aim to minimize the risk of over-
whelming learners with a multitude of concepts at once. This approach ensures
that learners can focus on a limited set of knowledge items at any given stage
in the game, thus making the learning process more manageable and effective.

For game designers, this method simplifies the task of developing story-
aligned game mechanics and quests. The resultant linear knowledge space
domain, closely tied to the narrative structure, allows designers to devise quests
that are engaging, immersive, and directly related to the educational content.
This guarantees that the game remains focused on its learning objectives while
providing an enjoyable gaming experience for the player.

Our method differs from some related works, such as the content-centric
development process model suggested by Moreno-Ger et al. [17]. Although
these studies provide insightful understandings into personalizing the content
for individual learners and the storytelling process, our approach uniquely
focuses on simplifying the design by trimming down the knowledge space domain
and employing real-time knowledge space alterations. This streamlined method
ensures a strong link between the narrative structure and the educational con-
tent, thereby creating a more immersive and enjoyable learning experience. How-
ever, it should be noted that this comparison is not exhaustive, and there might
be other approaches worth considering.

Yet, this method comes with its share of limitations and challenges. For
instance, if story items representing a relatively small portion of the narrative
link to knowledge items representing a significant part of the knowledge domain,
a pure linearization of the knowledge domain can occur. This outcome would
generate a sequence of learning items that require no adaptation to the learner’s
state. This scenario is undesirable and signifies a case where our approach might
not be well-suited. Either our approach is not required for such use cases, or
the knowledge domain or story graph needs refinement until both graphs are
compatible, and the method yields an optimized output.
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Another limitation is our method’s incompatibility with the re-use model
presented in the 80Days project [16]. In this model, the same story elements can
be used in various contexts, allowing for enhanced flexibility in the narrative
structure. However, our current method, focusing on linear and acyclic graph-
based models, doesn’t support this degree of flexibility. Future research could
extend our approach to accommodate the re-use model, thus broadening its
applicability to diverse narrative structures.

We propose that the build-time adaptation is sufficient for the majority of
educational games, as many narratives can be simplified into an act-based struc-
ture, and more intricate structures may not be necessary. The build-time adap-
tation is particularly useful for cases involving complex stories and knowledge
spaces, as they offer greater control over which knowledge items the learner
encounters at specific points in the story. However, as the complexity of the
story graph and the knowledge space increases, the association of items must be
crafted with greater care to avoid creating story items that encompass an exces-
sively large knowledge space subdomain due to the player’s chosen path. This
careful design is essential to ensure a balanced and effective learning experience
within the context of the game.

In the development of a vocational training serious game intended for teach-
ing IT-security at the workplace, we collaborated with educators to gather sce-
nario ideas to incorporate into the game. A narrative designer then created a
storyline, and the knowledge space domain was simplified using the proposed
method. Following this, the scenarios were sorted according to the knowledge
items, which facilitated the creation of game-specific quests corresponding to
each stage of the story. As seen in Fig. 6 and 7, the simplified knowledge space
domain facilitates a more streamlined and efficient game design process.

Nevertheless, it is vital to note that the current state of the project lacks
evaluation results. The author is in the process of developing quests and tasks
for the game and plans to conduct an evaluation with teachers and trainers
from a regional training center that specializes in off-site vocational training
for socially disadvantaged and learning-challenged youths. The objective of this
evaluation is to test the adaptivity and learning engagement of the players. These
evaluations will be crucial in understanding the efficacy of the proposed method
and identifying areas for improvement. Future research may investigate more
complex adaptations, explore additional educational fields, and further refine
the proposed method based on the evaluation outcomes.

5 Conclusion

In this paper, we presented a novel approach for simplifying the design of adap-
tive educational games using Knowledge Space Theory and either build-time
or real-time knowledge space alterations based on player progress. Our method
has the potential to significantly impact the field of serious games by facilitat-
ing collaboration among game designers, programmers, educators, and narrative
designers, ultimately creating more immersive and effective educational serious
games that cater to individual learners’ needs and preferences.



Bridging the Gap: Knowledge Spaces and Storylines in Serious Games 121

By integrating narrative structures and learning content through knowledge
space alterations, our approach enables a more streamlined and efficient game
design process while ensuring an engaging and effective learning experience for
players. Furthermore, the proposed hybrid adaptation method allows for more
dynamic and personalized learning experiences that are closely integrated with
the evolving narrative, making it an attractive option for serious games with
complex stories and knowledge domains.

While our method holds promise, it is not without limitations and chal-
lenges, such as the need for careful design and compatibility between the story
and knowledge domains. Future research may explore more complex adaptations,
additional educational fields, and further refinements to the proposed method.
Moreover, an evaluation of our approach in a real-world educational game setting
will be necessary to validate its effectiveness and adaptivity, providing valuable
insights for future development in the field of adaptive serious games. It is impor-
tant to note that the approach presented here is primarily designed to handle
large, complex knowledge space domains. In cases where the knowledge space
domain is already small or inherently simple, applying this approach may not be
advisable. The resulting knowledge domain could potentially become excessively
linear, thereby eliminating any room for meaningful adaptation. This potential
limitation should be considered when deciding whether to implement this app-
roach in a given learning game design scenario.

By addressing the challenges of designing adaptive educational games and
enhancing the collaboration between various stakeholders, our method has the
potential to contribute significantly to the development of more effective, engag-
ing, and personalized serious games, ultimately promoting improved learning
outcomes for a diverse range of learners.

6 Future Work

In the progressive refinement of our work, we are examining a prospective hybrid
adaptation approach. This approach proposes to combine elements of linear and
non-linear models, inspired by methodologies utilized in the 80Days project [16].
The goal is to discern whether this combined approach could provide enhanced
adaptability and flexibility in the narrative structure of educational games.

The proposed approach involves a transformation of a non-linear story struc-
ture into a linear format, potentially achieved through segmenting the complex
narrative into overarching acts, such as the 5-Act-Structure: exposition, rising
action, climax, falling action, and resolution.

Upon successful transformation, we intend to employ our build-time adap-
tation algorithm to remodel the knowledge space to align with the linear act
structure. We hypothesize that this automated process could yield a stream-
lined, act-specific knowledge space, serving as a foundation for subsequent run-
time adaptations.

Subsequently, we envisage restoring the original story-graph and manually
establishing a relationship between each story item (S i) and a correspond-
ing knowledge item (K i) within the knowledge space domain. In this model,
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run-time adaptation would operate during gameplay, dynamically adjusting the
knowledge space based on the player’s progression through the narrative.

One area of critical inquiry is to validate our assumption that this hybrid
approach would enhance engagement, personalization, and learning efficiency.
These potential benefits are inherently speculative and we are currently work-
ing on establishing a rigorous theoretical framework and empirical evidence to
support these claims.

In our ongoing research, we aim to evolve this hybrid adaptation method,
combining elements of both build-time and run-time adaptations. Our research
objective is not only to offer a potentially efficient tool for narrative designers
and teachers but also to examine how our proposed method addresses the needs
of these professionals more effectively than existing methodologies. This includes
exploring ways to ensure that every professional can create their own domain
and, upon manually linking the nodes, have everything else automatically trans-
formed into a system that serves as a foundational guide for game designers to
provide engaging gameplay.

As we venture into these uncharted territories, we are fully aware that our
assumptions are subject to rigorous validation and potential revision. We eagerly
anticipate sharing the concrete outcomes and insights of this exploration in
future publications.
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Abstract. This paper aims to (i) characterize an interdisciplinary online training
program (AGILAB CENTER) based on the application of Serious Games (SG)
to develop new geriatric therapy approaches and (ii) evaluate the perspectives of
the participants on teaching methods, learning outcomes, and the relationships
between both dimensions. All the participants registered in AGILAB CENTERS
were invited to try 4 different therapeutic games and SG-based training for elderly
care (24 h, spread over 3–4months). Participants filled out a questionnaire that was
divided into 3 main parts: characteristics of participants; teaching methods; and
learning outcomes. Statements about these dimensions were rated on a 0–5 Likert
scale, where 0 meant “I don’t agree at all” and 5 meant “I totally agree.” Twenty
institutions dedicated to geriatric care participated (N = 30 professionals; only
15.21% were health care providers). Most of the participants implemented SG in
residential homes or adult day care centers and few presented relevant experiences
using game-based strategies as evaluation methodologies. Networking was con-
sidered important and inspired the participants to share experiences and doubts.
Moderate correlations were found between curiosity about theories and models
for SG application and recognition of the importance of creating procedures to
validate good practices in geriatric care. Participation in a digital networking train-
ing method for promoting the SG paradigm received a positive assessment from
the participants.

Keywords: Older persons · Teaching · Recreation · Training Activities ·
Methods

1 Introduction

Population aging is an emergent issue for societies and policy makers worldwide. This
demographic change has profound implications for the planning and delivery of health
and social care [1]. There are several problems associated with population aging, such
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as frailty, functionality loss, dependency, and serious comorbidities [2]. Frailty and
other syndromes affect multiple domains in older people’s lives, which in turn require
a multidisciplinary team approach, including health, social care, and other specialized
professionals [2].

A multidisciplinary team approach to the provision of assistance to older people
might focus on designing comprehensive methodologies for geriatric assessment (clini-
cal, psychological, environmental, social, and functional) but also on planning new and
efficient intervention strategies. Achieving this requires a coordinated multidisciplinary
effort [3]. Therefore, the future and priorities of geriatric care policies might be to create
and enhance high-performing teams, which requires team cohesion and interconnected-
ness. One of the most important factors in achieving high-performing multidisciplinary
teams in geriatric care is to create opportunities for professionals to train together. Ellis
and Sevdalis (2019) confirmed that the main outcome of this trainingmodel is a decrease
in human error by way of an increase in the consistency of the high-frequency elements
of care [4].

Innovation in geriatric care is effective when delivered by a core team of people
who engage with a network of stakeholders, sharing practical tasks and ultimately mak-
ing change happen [3]. According to the phenomenon of interprofessional education,
professionals from different backgrounds should learn together, so as to improve collab-
oration and the quality of care [5]. Babiker et al. (2014) highlighted that team training
and education opportunities, including ongoing team training, are crucial factors that
may impact team effectiveness and efficiency [6].

Access to opportunities for specialized training, in which multidisciplinary commu-
nication is facilitated by specialized vocabulary, similar approaches to problem-solving,
common interests, and a common understanding of relevant issues, is crucial to improv-
ing the quality of geriatric care. This specialized training might promote comprehensive
paradigms and models as a basis for professionals to interpret and address issues that
arise in their work [7].

Addressing the importance of specialized training opportunities in geriatricmultidis-
ciplinary rehabilitation, it is urgent to design and test innovative training approaches in
this field. There iswide variability in training-based programs based on the huge diversity
of geriatric rehabilitation approaches. For example, according to Freedman, Martin, and
Schoebi (2002), exercise and psychological and social interventions are one of the most
recommended interventions in use [8]. However, traditional rehabilitation strategies for
the elderly are often perceived as repetitive and boring, and there is a need for new efforts
to design innovative and adapted strategies. Professionals in the geriatric field agree that a
patient’smotivation plays an important role in determining the intervention’s effect and it
is associated with high engagement [9]. One of themost recent and innovative paradigms
in rehabilitation is the implementation of games for serious purposes, i.e., serious games.
Serious games (SG) are commonly defined as games developed for a primary purpose
other than pure entertainment [10]. The outcomes in this area are promising, suggesting
that SG motivate patients to meet therapeutic requirements, by promoting immersive
therapy contexts [11]. Furthermore, there is a consensus about the additional benefits
that serious games have for elderly people across different domains, e.g., on a physical
and psychological level [12]. A recent systematic review conducted by Abd-Alzaraq and



Description and Subjective Evaluation 129

colleagues (2021) considered SG to be crucial for elderly care provision, as a valuable
adjunct strategy to conventional mental health therapies and approaches [13]. Therefore,
the implementation of SG on the geriatric population could be established as a priority
area for multidisciplinary teams, because of the potential of SG in restoring multiple
affected domains in elderly people with increasing motivation levels. However, this is
a new approach for geriatric professional teams, and there is an urgent need to develop
and evaluate adequate related training settings. New training opportunities in this field
will increase the professionals’ abilities to design appropriate protocols, communication
strategies (e.g., specific terminology), and outcomes assessment.

Therefore, this paper aims to (i) characterize an interdisciplinary online training
program (AGILAB CENTER) based on the application of SG to develop new geriatric
therapy approaches and (ii) evaluate the participants’ perspectives on teaching methods,
learning outcomes, and the relationships between both dimensions.

2 Material and Methods

2.1 Procedures and Instruments

An exploratory study was conducted, using a structured questionnaire to character-
ize the perspectives of interdisciplinary teams on their participation in an interdisci-
plinary online training program based on the application of SG to develop new geriatric
therapy approaches, created by the Polytechnic Institute of Leiria and called AGILAB
CENTERS.

Data were collected between January and February 2022 at the Polytechnic Institute
of Leiria. All those registered (professionals working in geriatric rehabilitation settings)
in AGILAB CENTERS were invited to participate, after being enrolled in the program
for at least 3 months. Those who agreed to participate were asked to give informed
consent through an electronic form. Eligible participants received a link to access the
questionnaire used for data collection (n= 43). All electronic data collection procedures
were delivered using Google Forms. Ethical approval was obtained from the Ethics
Committee of the Polytechnic Institute of Leiria (CE-IPLEIRIA-43-2020).

AGILABCENTERS’ questionnaire - This questionnaire was developed by the AGI-
LABCENTERS trainers, specifically, 3 researchers who specialized in health and social
assistance strategies. It was divided into 3 main parts: PART 1 included questions about
the characteristics of the participants (teams, geriatric institutions/projects); PART 2
included questions about SG applications (contexts – e.g., home care; domains for inter-
vention – e.g., cognitive; mental health); PART 3 included statements about (i) teaching
methods (TM) and (ii) learning outcomes (LO). The statements included in PART 3
were rated on a 0–5 Likert scale, where 0 meant “I don’t agree at all” and 5 meant “I
totally agree.” Some negative statements should be highlighted: “It is not enough to
rethink good practices in geriatric care (LO)”; “It was difficult to take away a positive
experience because we are all together in the training group (TM)”; “Scientific compo-
nents are too demanding (TM).” The other statements are positive statements, such as
“It provides time and space to rethink game-based interventions in geriatric care (LO)”;
“It stimulates curiosity about the theory and models for SG application (LO)”; “It helps
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us to improve the quality of geriatric care (LO)”; “It helps us to understand the impor-
tance of validating good practices in geriatric care (TM)”; “Should be focused only on
explaining games procedures (TM)”; “Networking was highly important and allowed us
to share experiences and doubts about the SG-based method (TM).” The original ques-
tionnaire used was previously revised by two external experts. Before its implementation
in this study, the questionnaire was distributed to four geriatric professionals to discuss
whether, in the opinion of these experts, it covered the domains deemed most relevant to
a game-based training program. The revised version was considered for this study [14].

An interdisciplinary online training program based on SG methodologies in geri-
atric care – AGILAB CENTERS was an interdisciplinary online training program based
on SG and specially created for professionals working in geriatric care. This program
consisted of 24 h of online training, spread over 3–4 months. People enrolled in this pro-
gram had access to original modern board games, specially designed for geriatric care.
Modern board games are entertainment games (ortho games) [15]. They have innovative
design features that make them well-suited to simulate some real activities while keep-
ing users engaged [16] [17]. However, they are entertainment ortho games. Only when
modern board games are modified, or their design features deliver new games for pur-
poses beyond entertainment, do they become SG [18] [19]. The original modern games
available were 4 different analog therapeutic games (Agilidades Inc.): (i) a music-based
game (https://agilidades.pt/produto/jogo-arraial/); (ii) a floor game (https://agilidades.pt/
produto/jogo-do-labirinto/); (iii) a game based on a dual task (https://agilidades.pt/pro
duto/jogodasmaostati/); (iv) a cognitive board game (https://agilidades.pt/produto/mat
riz/). Analog games have very special properties for geriatric therapy, including face-
to-face multiplayer participation and interaction with physical components, which can
strengthen the sense of touch andhand function [20]. These gameswere explored in phase
2 of the AGILAB program, as described in Table 1. Before that, in phase 1, theories and
models about serious applications of analog games in geriatric care were presented and
discussed. During that phase, for example, it was explained howmotor learning theories
are supported by the same principles of SG implementation. The player-centric design
methodologies used for SG purposes in the context of geriatric care, such as focus group
designing, interviews, and a collection of prototyping experiences, were also explained.
Following this, the programproceeded to phase 3.During that phase,whichwas designed
to train the professionals’ skills in the co-design of SG for geriatric care, the following
themes were presented and discussed: (i) co-design methodologies; (ii) game dynam-
ics and mechanics adapted to geriatric care; and (iii) design thinking implemented to
gamed-based projects. Phase 4 consisted of learning strategies to encourage game-based
routines in geriatric care. Different strategies were provided, such as (i) monitoring and
recognition of elderly people’s involvement in games (e.g., leader boards; badges), (ii)
scheduling of routine sessions with games, according to elderly people’s personal needs
and to existing guidelines or recommendations. Finally, in phase 5, participants were
invited to take part in the scientific validation of SG-based programs for the assessment
or training of elderly people, having access to study protocols and specialized advise-
ment. Interested participants were also able to suggest adapted study protocols to attain
a different focus or health-specific dimension, according to their personal experience in
elderly care. These different phases of the AGILAB Program are summarized in Table 1.

https://agilidades.pt/produto/jogo-arraial/
https://agilidades.pt/produto/jogo-do-labirinto/
https://agilidades.pt/produto/jogodasmaostati/
https://agilidades.pt/produto/matriz/
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All the training outlined above was carried out in online sessions, where all the partic-
ipants were gathered. Using extra time outside those sessions, participants were also
encouraged to share game-based experiences, adaptations, or difficulties in a WhatsApp
group where they are all included.

Table 1. Description of thematic sessions and methodologies implemented in the AGILAB
Centers Training Program

Phases Thematic Sessions Method

Phase 1 Theory and models about serious
applications of board games in geriatric
care

Reading related articles
Collaborative brainstorming about
serious games application in geriatric
care

Phase 2 Game-based strategies for physical and
cognitive stimulation in geriatric care

Demonstration of therapeutic games for
this purpose
Building adaptations in-game
instructions/components or dynamics,
considering players’ disabilities
Study cases

Phase 3 Training skills to co-design game-based
strategies for geriatric care

Workshops aimed at involving elderly
people and geriatric professionals in the
creation of game-based strategies
Designing creative sessions

Phase 4 Implementing game-based strategies in
daily routines for geriatric care

Designing patient-centered chronograms
Global methods to demonstrate elderly
people’s performance per week (“the best
player award”)

Phase 5 Measuring well-being outcomes after
2-weeks of game-based implementation

Designing programs for data collection
focused on health and well-being
outcomes related to the game’s purposes

2.2 Statistical Analysis

Items included in the LO and TM domains were selected by highlighting those that
present an average value equal to or greater than 4 or, for negative/restrictive statements,
equal to or lower than 2. The total percentage of score for TM and LO domains was
calculated using the following formula:

% total score[TM] = q1tm + q2tm + qxtm

MaximumTM total score

%total score[LO] = q1lo + q2lo + qxlo

MaximumLO total score
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3 Results

3.1 Characteristics of Participants and Serious Games Applications

Twenty institutions dedicated to geriatric care (46.51% of participation) took part in this
training program (n = 46 participants). Most of them belong to the Center region of
Portugal (n13), 6 belong to the North and only one belongs to the South. In 13 of the
professional teams involved in this training program, the age range of the participants
was 30–39 years; in 6 of them, it was 20–29 years; and only 1 team included participants
aged 40–49years. Therewas significant variability in the backgroundof the professionals
involved in this study. Most of them are socio-cultural animation workers (n = 12) or
socialworkers (n=9), someare coordinators of social departments (n=8), andothers are
gerontologists (n = 6). Few participants are health professionals, e.g., physiotherapists
(n = 4), occupational therapists (n = 2), and nurses (n = 1).

Most of the participants implemented SG in residential homes (n= 12) or adult day
care centers (n= 11). The implementation of these strategies in home care (n= 2) or in
community projects (n= 4) is scarce. SG are used for elderlymonitoring and stimulation,
though major reports are focused on the implementation of SG for intervention purposes
(n = 18/19 vs. n = 12).

3.2 AGILAB CENTERS Training Program - Teaching Methods and Learning
Outcomes

Higher scores were presented in the following items of the LO domain: (i) It stimulates
curiosity about the theory and models for SG application – 4.35 ± 0.81; (ii) It is not
enough to rethink good practices in geriatric care – 2.00± 1.30. Higher scores were pre-
sented in the following items of the TM domain: (iii) Networking was highly important
and allowed us to share experiences and doubts about the SG-based method – 4.20 ±
1.00; (iv) It was difficult to take away a positive experience because we are all together
in the training group – 2.30 ± 1.63 (Table 2 and Table 3).

The total percentage of scores reached in the LO domain was higher (73.50% ±
14.52), compared to the total percentage of scores in the TM domain (57.25%± 10.57).

3.3 Correlations Between Learning Outcomes and Teaching Methods

Participants’ perceptions of theAGILABCENTERSTraining Program (Table 4) demon-
strate the relationships that exist between quality in geriatric care and (i) having time
and space to rethink game-based interventions in geriatric care (r = 0.50; p = 0.02),
(ii) stimulating curiosity about the theory and models for SG application (r = 0.67; p
= 0.001), and (iii) placing a special focus on explaining game procedures (r = 0.62; p
= 0.004). Moderate correlations were also found between the perception that the AGI-
LAB program stimulates curiosity about theories and models for SG application and the
perceptions that (i) the program helps to understand the importance of validating good
practices in geriatric care (r = 0.59; p = 0.006) and that (ii) networking is important
for sharing experiences and doubts about the SG-based method (r = 0.50; p = 0.025)
(Table 4).
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Table 2. Score in Learning Outcomes (LO) items after the AGILAB CENTERS Training
Program.

Learning outcomes Mean ± SD

Provides time and space to rethink game-based interventions in geriatric
care (LO)

3.75 ± 0.91 (4.0)

It is not enough to rethink good practices in geriatric care (LO) 2.00 ± 1.30 (2.5)

It stimulates curiosity about the theory and models for SG application
(LO)

4.35 ± 0.81 (5.0)

Help us to improve the quality of geriatric care (LO) 3.60 ± 0.88 (3.0)

% total score 73.50% ± 14.52

*This % was calculated by adjusting the score direction from all items, in particular the inverted
items. LO, Learning Outcomes

Table 3. Score in TeachingMethods (TM) items after theAGILABCENTERSTraining Program.

Teaching Methods Mean ± SD

Scientific components are too demanding (TM) 3.75 ± 0.85 (4.0)

Help us to understand the importance of validating good practices in
geriatric care (TM)

3.45 ± 1.43 (3.5)

Should be focused only on explaining games procedures (TM) 1.75 ± 1.62 (1.0)

Networking was highly important and allowed us to share experiences and
doubts about the SG-based method (TM)

4.20 ± 1.00 (4.5)

It was difficult to take away a positive experience because we are all
together in the training group (TM)

2.30 ± 1.63 (2.0)

% total score 57.25% ± 10.57

TM, Teaching Methods

4 Discussion

Specialized training programs for multidisciplinary teams focused on geriatric care
should be a priority in order to ensure high-quality approaches when dealing with this
frail population. Therefore, this paper characterized an interdisciplinary online training
program based on the application of SG to develop new geriatric therapy approaches
and evaluated the participants’ perspectives on teaching methods, learning outcomes,
and the relationships between both dimensions.

The interdisciplinary teams that participated in the AGILAB program consisted of a
total of 46 professionals from 10 different professional backgrounds. Only 7 profession-
als (15.21%) had a background in health sciences (physiotherapist = 4; occupational
therapist = 2; nurse = 1). This low representation of health professionals in the teams
invited to receive SG training might be indicative of a more traditional background asso-
ciated with health care providers and with the critically low flexibility of the curriculums
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Table 4. Statistical spearman correlation values between Learning Outcomes (LO) and Teaching
Methodologies (TM) items.

Help us to improve the quality of geriatric care (LO)

Provides time and space to rethink game-based interventions in geriatric care (LO) r = 0.50
p = 0.02*

It stimulates curiosity about the theory and models for SG application (LO) r = 0.67
p = 0.001*

Should be focused only on explaining games procedures (TM) r = 0.62
p = 0.004*

It stimulates curiosity about the theory and models for SG application (LO)

Help us to understand the importance of validating good practices in geriatric care
(LO)
Networking was highly important and allowed us to share experiences and doubts
about the SG-based method (TM)

r = 0.59
p = 0.006*
r = 0.50
p = 0.025*

TM, Teaching Methods
LO, Learning Outcomes

in these professions [1]. Health professions have been characterized as one of the areas
in which ageist feelings and perspectives are most significantly revealed, which might
be caused by these inflexible curriculums [2]. Interestingly, game-ageism is one of the
most significant stereotypes: “elderly people do not play games, that is for children”[3].
In fact, in future related research, it would be interesting to seek a better understanding of
this phenomenon in health professions and to develop specific design training strategies
to enhance SG-based approaches in elderly health care.

In the analysis of the teaching methods used in the AGILAB program, difficulties
perceived by participants reached minimum values, as can be seen in the following items
(i) it was difficult to take away a positive experience because we are all together in the
training group (2.30 ± 1.63; 2.0); (ii) networking was highly important and allowed us
to share experiences and doubts about the SG-based method (4.20 ± 1.00; 4.5). These
resultsmight be indicative of a preference for digital networking trainingmethods among
interdisciplinary teams specialized in geriatric care. Previous authors have argued that
facilitating networking in innovative themes is a crucial step for interdisciplinary high-
standing care provision in geriatrics.Networkingmight arise in consultative relationships
and the design of collaborative solutions for some of the most common problems in the
area [4], avoiding fragmentation of care and improving the quality of care [5]. It is
important to understand that digital networking has the potential to accelerate access to
new approaches, bringing together professionals and experts in the theme, even if there
is a physical distance between them [6].

It is possible to highlight positive perspectives regarding the learning outcomes of the
AGILAB program: (i) it stimulates curiosity about theories and models for SG applica-
tion; (ii) it provides time and space to rethink game-based interventions in geriatric care;
(iii) it helps us to improve the quality of geriatric care. In fact, participants in this study
valued the time and space provided by the AGILAB program. This is not surprising,
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as a previous systematic review of the literature, combined with empirical data derived
from interdisciplinary teams, had highlighted the following principles for good interdis-
ciplinary teamwork: appropriate training; and the need for teams to regularly invest time
in the processes of team development and maintenance of team functioning. Investing
time in team development is crucial to ensure that these competencies are entrenched
and enacted in their daily practice [7]. According to Duque et al. (2008), learning about
theories and models associated with innovative methods, such as SG, is a critical aspect
to promote a structured method and common expertise that will improve satisfaction in
interdisciplinary teams and quality in care provision [8].

The results of the present study demonstrated moderate correlations between curios-
ity about theories and models for SG application and recognition of the importance of
building validation procedures for good practices in geriatric care (r = 0.59). Partici-
pants also demonstrated moderate correlations between the optimization of the “quality
of geriatric care” and (i) the chance of having time and space to rethink game-based
interventions in geriatric care (r = 0.50); and (ii) a preference for sessions exclusively
focused on explaining game procedures (r = 0.62). There are some controversies in
these results that should be further explored in future related studies. At the same time,
participants considered the importance of their contribution to the validation of evidence-
based practice concerning the application of SG in geriatric care but also confirmed that
the quality of geriatric care was related to sharing knowledge about practical SG-based
procedures. These results might suggest that there is insufficient awareness of the impor-
tance of evidence-based practice among professionals working in geriatric care. This is
in accordancewith a previous study conducted in an acute geriatric setting that compared
self-reported capability beliefs with evidence-based practice among health profession-
als. A total of six activities were assessed: formulate questions; search databases; search
other sources; appraise research reports; participate in implementation in practice; and
participate in the evaluation. The general conclusion from this study was that there is a
need to improve the use of evidence-based practice among health professionals working
in a geriatric setting [9].

The results of the present study demonstrated that SG-based strategies are mostly
used in residential homes and adult day care centers. The implementation of these strate-
gies in at-home care and community projects is scarce [10]. Specifically, in at-home care,
there are considerable challenges thatmight explain a professional’s resistance to innova-
tion, including in implementing SG-based strategies in this context. First, most qualified
professionals have little time for home care visits. Long visits are most often performed
by professionals with low qualifications, those who perform basic activities with the
elderly. According to Daud et al. (2021), wide dissemination of cost-effective strategies
is needed in this context, promoting patient- and family-centered models. Family care-
givers can learn about the implementation of SG-based strategies for home care, mainly
because these are easy, user-friendly, immersive, and fun strategies [11]. Currently, home
care programs are dependent on specialized teams. For example, a high number of these
programs are dependent on physiotherapy professionals. SG-based strategies, due to
their properties, might promote a change in this paradigm. First, because these strategies
are less dependent on professionals; secondly, because they can be used intensively and
routinely. The implementation of SG-based strategies in community projects has been
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tested in a previous study conducted by Riggins and McLennon (2019), demonstrating
good levels of adherence and satisfaction among the elderly. The authors implemented
an innovative song bingo game, measuring its impact on mood, satisfaction, and accept-
ability in community-residing older adults [10]. Before the program, 33.4% of the par-
ticipants reported their mood as “very happy” or “happy”, which improved to 61.5%
of elderly reporting that their mood was “very happy” or “happy” after the program.
This program was cost-effective and improved the mood of community-dwelling older
adults.

This exploratory study also demonstrated that the people involved in this training
program do not present relevant experience using SG-based strategies as evaluation
methodologies. Specific andmore intensive programs are needed to train professionals in
selecting appropriate tools to assess the elderly population, considering that professionals
working in this field might not be alert to the concept of SG as a measuring tool. The
most common evaluation tools used in this field are paper-and-pencil tools. These tools
have a specific bias, especially concerning populations with low participation income
(e.g., dementia). According to Tan et al. (2022), measures of performance in immersive
contexts might be the most adequate paradigm in elderly evaluation [12]. These authors
have argued the importance of testing digital games as special contexts in this field.
Games, both digital and analog, can be high-standard measures to be used in the elderly
population. It is urgent to develop more studies to corroborate the value of SG for
assessing elderly performance, especially because two of the more recent papers on this
topic [13, 14] have demonstrated that specialized board games can be a valid framework
for cognitive, frailty, and coordination diagnosis.

The perspectives of the AGILAB program participants pointed to the existence of
considerable limitations in the adoption of SG-based strategies among the older popula-
tion, which might hinder the emergence of new game-based paradigms. Actions focused
on changing the paradigm are needed, and they could include, in particular, ensuring
that teams have time specifically assigned to recording and reflecting on the most effi-
cient practices, engaging in joint exercises, and gathering the knowledge they acquired
in a technical portfolio for later review. Baker et al. (2019) defend the implementation
of these strategies, considering them to be effective in providing a greater awareness
of growth in personal and professional skills, which leads to a change in the mode of
action, as part of a humanistic approach [15]. Furthermore, the constructivism-expertise
paradigmmight support the inclusion ofmore active learning strategies, such as exercises
for training problem-solving skills [16].

This study has several limitations. The sample of people who accepted to participate
was small, and there was an asymmetrical representation of different professional back-
grounds (e.g., only 15% of health professionals). This did not allow the researchers to
perform an analysis according to the professional field. Future studies might include a
higher number of participants and a more even distribution by professional background,
avoiding underrepresented areas. The questionnaire used did not complete all the stages
of formal validation, but it did undergo discussion and assessment by a group of experts
and was carefully revised to ensure the quality of the information collected, e.g., the
statements used precise language, the questionnaire was not too long, and weasel words
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were avoided[17]. The questionnaire did not provide a section for participants to reg-
ister other issues/details that might be considered important/relevant, overcoming new
participants’ perceptions about the AGILAB program.

5 Conclusions

This study examines the different perspectives of multidisciplinary teams on their partic-
ipation in an innovative training program based on the application of SG to develop new
geriatric therapy approaches. The analysis of these perspectives provided findings that
will be important in redesigning future SG training programs in the context of geriatric
care.

First, it seems important to develop a motivating strategy specially geared toward
healthcare providers regarding the use of SG in elderly care. Participants in this study
valued the time and space provided by the AGILAB program and showed a preference
for digital networking training methods. It was also found that the implementation of
these strategies in at-home care and community projects is scarce. Furthermore, the data
collected suggest that there is insufficient awareness among the professionals included in
the program regarding the importance of evidence-based practice. Finally, the program
was not able to stimulate the adoption of SG as a measuring tool in geriatric care.

Future training programs in this field might focus on: (i) developing and presenting
programs for home care using SG; (ii) exploring the importance of evidence-based
practice in using SG for geriatric care; (iii) presenting different SG applications (e.g.,
assessment purposes) and materials (e.g., active learning strategies, portfolio inclusion)
for elderly assessment.
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Abstract. We present LUDIK, a serious game project for pediatric
haemato-oncological patients, including 5 differently scoped mini-games,
designed to produce interpretable game score data.

A playable game client and the overall system approach were evalu-
ated by children of the target age group through a survey. Our results
indicate clear acceptance of the general approach and system design.
The presented mini-games were evaluated separately regarding fun and
usability. Except for one mini-game, the results are indicating high accep-
tance and engagement, and very good usability for the age group in
question.

Keywords: Serious Games · mHealth · Pediatric Haemato-Oncology ·
Games for Health

1 Introduction

In the recent years, the use of Serious Games for Health and mHealth applica-
tions has proven to be well-accepted by users [10]. They increase compliance,
drug adherence, and overall treatment perception. They have significant educa-
tional benefits [1]. Further, these applications provide healthcare providers with
actual, informative and immediate data. In the field of pediatric oncology, previ-
ous projects concluded with positive results regarding user acceptance and utility
when using mHealth interventions [2,9]. Also, serious-game-based solutions were
found to support the overall treatment process and were perceived positively by
users in pediatric oncology [8,17].

A possible usage scenario for Serious Games for Health would be the after-
care of young and adolescent patients after cancer therapy and allogeneic stem
cell transplantation (SCT ). Polychemotherapy, irradiation and SCT may lead to
substantial chronic morbidity and the inability to lead a normal life for months
and sometimes even years [21]. One of the most critical complications is graft-
versus-host-disease (GVHD), which may lead to long-term morbidity with debil-
itating sequelae and reduced quality of life [16]. Currently, SCT -aftercare at the
c© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
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St. Anna Children’s Hospital, which is the leading institute for pediatric
leukaemia in Austria, is based on a traditional paper diary for self-reporting of
health data.

To make use of Serious Games for Health scores, we need to create repro-
ducible and interpretable scores for medical interventions [5]. This implies clar-
ifying which game mechanics, elements or overall design can be used to reflect
a user’s actual health status, while considering the confounding effects of social
and cognitive abilities of different players [18]. Also, the game design must be
highly accepted by the target group, considering age, gender, and gaming habits
of the patients.

To address these issues, this paper aims to identify suitable health standards
for data definition and exchange. Additionally, we test the hypothesis (h1), that
the presented mini-games and their design are well accepted and liked by the
target group, which are (young) adolescents. Finally, while not thoroughly dis-
cussed in this paper yet, the project aims to link in-game-performance with
actual health data.

The core idea is to keep game design and mechanics simple to produce inter-
pretable scores, without losing the patients’ adherence. As basis for the fur-
ther development of LUDIK, we have conducted a playtest in 42 healthy chil-
dren. The results are analyzed and discussed in this contribution. The playtest
included a survey with some conceptual questions, and gameplay- and usability-
evaluation.

1.1 Related Work

A number of previous works examine the connection of apps for (after-)treatment
and self-reports of patients. The preceding project INTERACCT is an imple-
mentation of a Serious Game for Health for young and adolescent leukaemia
outpatients. To replace their handwritten diary, we introduced a smartphone
app: instead of jotting down their health data in a diary, patients were able to
submit the data through an app and progress in a Pokemon-like game world.
Information submitted through the self-reporting function of the app gave the
treating physicians additional data and health information.

Hookham et al. present an approach to classify engagement in Serious Games
for Health and conduct a systematic review to address the question What is
engagement and how has the term been used, defined and measured in the con-
text of serious games? [14]. The authors categorize serious games by their main
challenge (puzzle, simulation, action, etc.) as well as the method of measuring
engagement (questionnaires, indirect observation like input events, etc.). They
discuss a high variety of different approaches, and suggest the use of a three-
part framework including behavioural, cognitive and affective dimensions when
reporting about serious game engagement. Kato et al. carried out a study which
looked at the effectiveness of computer game interventions for improvements
in terms of adherence and other behavioral outcomes in adolescents and young
adults with cancer [15]. They found that participants demonstrated a signifi-
cantly higher adherence to treatment after the video game intervention. Chung
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et al. addressed the lack of suitable homebound pain treatment for young cancer
patients by implementing C-TIPS (Cancer-Tailored Intervention for Pain and
Symptoms) [9]. C-TIPS is a web-app which includes breathing training, relax-
ation practice and educational content, which should help patients and their
parents to monitor and improve pain therapy at home. In a study with adoles-
cent cancer patients (n = 40, 12–18 years), Jibb et al. evaluated the app Pain
Squad+. Results show a reporting adherence of 68.8 ± 38.1%, and a significant
improvement of pain intensity, pain interference and health-related quality of
life. SSPedi (Symptom Screening in Pediatrics) is an electronic version of a pre-
viously developed paper-based symptom by O’Sullivan et al. [20]. Results show,
that no patients had difficulties understanding or using the app, and 19 of 20
patients found the app a good way to communicate with doctors and nurses.
Project Triumf was conducted by Tark et al. [24]: young and adolescent can-
cer patients (age 7–12, n = 9) were included in a study, where they could use
a mobile health game to seek emotional support and educate patients about
their health status. Targeting the needs of acute lymphoblastic leukemia (ALL)
patients, Wang et al. conducted a study with 92 parents (43 in the observation
group, 49 in the intervention group) [25]. Comparing their knowledge in social
support, anxiety, depression, care burden, uncertainty in illness, quality of life
their existing knowledge of ALL and care before and after the 3 month inter-
vention, authors found statistically significant improvements in the intervention
group. Wang et al. developed an app for self-reported patient outcome using a
multidisciplinary approach [26]. Health service researchers, pediatric nurses and
software engineers collaborated to successfully develop and evaluate a system
with a mobile reporting app as well as a web-interface for treating physicians,
providing them with demographic data, survey control and more.

2 Design, Implementation and Evaluation

In interdisciplinary workshops, the medical requirements for the system were
clarified. This was possible through the input of experts in the field of pediatric
oncology, as well as through findings and experience from an earlier project
(INTERACCT). We focused on serious games, which should address the
patients’ short term memory, reactions, concentration, concentration persever-
ance, and fine motor skills. This focus was primarily chosen, as these skills can be
measured through serious games on a mobile device, without the need for exter-
nal devices or sensors. In order to evaluate whether in-game-performance can be
linked with health data, we included a health questionnaire with an essential set
of medical parameters. The data of these questionnaires can be linked to specific
points in time in our use case: after a certain time in therapy (e.g. 100 or 365
days after the last treatment in the hospital), the health status of the patients is
clinically examined. We can then combine examination results with data of the
proposed system (health questionnaire data and serious game scores).
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The game client for LUDIK was implemented in UNITY 2019.2.17f1 for
Android2 smartphone devices and distributed through the Google Play Store3.
An encrypted authentication token (JWT4) can be stored to keep the user logged
in for usability reasons. Other than that, no game or health data is persisted on
mobile devices. The backend is implemented in a Node.js5/Sails.js6 server appli-
cation, using a combination of MySQL 77 and REDIS8 databases. All software
is orchestrated through docker9 and docker-compose10, running on an Ubuntu
18.04.311 instance.

We used LOINC, a standard to identify health measurements, observations,
and documents. McDonald (2003) [19] outlines the standard as follows: “The
Logical Observation Identifier Names and Codes (LOINC R©) database provides
a universal code system for reporting laboratory and other clinical observations.
Its purpose is to identify observations in electronic messages such as Health
Level Seven (HL7) observation messages, so that when hospitals, health main-
tenance organizations, pharmaceutical manufacturers, researchers, and public
health departments receive such messages from multiple sources, they can auto-
matically file the results in the right slots of their medical records, research,
and/or public health systems”. We identified LOINC codes for the health ques-
tionnaire items (as listed in 3) in earlier research and reused them to correctly
label our health data. The identified standard for medical data exchange is
HL7FHIR12. This standard aims to combine features of HL7v2 13, HL7v3 14,
and CDA15. Focus lies on leveraging the latest web standards and to provide
easy implementability. To tackle the problem of variability caused by diverse
healthcare processes, HL7FHIR uses Resources and Profiles: “FHIR solves this
challenge by defining a simple framework for extending the existing resources and
describing their use with Profiles. All systems can read all resources, but applica-
tions can add more control and meaning using profiles. Many healthcare contexts

1 https://unity.com/, accessed September 11, 2023.
2 https://www.android.com/, accessed September 11, 2023.
3 Link removed for review.
4 https://jwt.io/, accessed September 11, 2023.
5 https://nodejs.org, accessed September 11, 2023.
6 https://sailsjs.com, accessed September 11, 2023.
7 https://mysql.com, accessed September 11, 2023.
8 https://redis.io/, accessed September 11, 2023.
9 https://www.docker.com/, accessed September 11, 2023.

10 https://docs.docker.com/compose/, accessed September 11, 2023.
11 https://releases.ubuntu.com/18.04.3/, accessed September 11, 2023.
12 https://www.hl7.org/fhir/, accessed September 11, 2023.
13 http://www.hl7.org/implement/standards/product brief.cfm?product id=185,

accessed September 11, 2023.
14 https://www.hl7.org/implement/standards/product brief.cfm?product id=186,

accessed September 11, 2023.
15 http://www.hl7.org/implement/standards/product brief.cfm?product id=7,

accessed September 11, 2023.

https://unity.com/
https://www.android.com/
https://jwt.io/
https://nodejs.org
https://sailsjs.com
https://mysql.com
https://redis.io/
https://www.docker.com/
https://docs.docker.com/compose/
https://releases.ubuntu.com/18.04.3/
https://www.hl7.org/fhir/
http://www.hl7.org/implement/standards/product_brief.cfm?product_id=185
https://www.hl7.org/implement/standards/product_brief.cfm?product_id=186
http://www.hl7.org/implement/standards/product_brief.cfm?product_id=7
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require extensive local agreements.”16 Literature suggests the use of HL7FHIR
for the given requirements and use-case [4].

The study discussed in this paper aims to evaluate the usability and accep-
tance of LUDIK in the age group of our target group (young and adolescent
cancer patients) and therefore test h2. At first, we outlined the project to our
study’s participants, clarifying motivation and purpose of LUDIK to the par-
ticipants, and briefly explained the different mini-games. Eventually, partici-
pants had about 30 min to play the different mini-games of LUDIK. Subse-
quently, participants answered questions regarding demographic data, their gam-
ing habits, and filled in a SUS questionnaire (System Usability Scale, [3,6,7])
for each mini-game. We adapted questions in the SUS questionnaires slightly in
order to fit context: for one, we adjusted terminology to fit with games instead of
software systems and for another, kept phrasing simple for our young age group:

1. I think that I would like to play this game frequently
2. I think the game was unnecessarily complex
3. I thought the game was easy to use
4. I think that I would need further explanations to play this game
5. I thought that the different assets and styles were well integrated
6. I thought that some parts of the game were meaningless
7. I would imagine that most children would learn to play this game very

quickly
8. I found the game very cumbersome to use
9. I felt very confident playing the game

10. I didn’t understand all the tasks in the game right away

Further, we asked if the general idea of using video games in therapy for sick
children finds approval within the age group. Concluding the survey, participants
could suggest improvements, and point out issues, that they especially liked or
disliked while using LUDIK. The questionnaire was answered online through a
survey platform17.

We used R [23] for the data evaluation and visualization of results. The
evaluation of the 5 mini-games through the SUS was done as proposed by lit-
erature [6]18: per questionnaire, results were corrected, summed, and multiplied
by 2.5 to return interpretable scores. To test our hypotheses against questions
with Likert scales, we used a right sided Bernoulli test [12]. We defined H0 as
P(agree)=50%, h1 as P(agree)>50%. For the Bernoulli tests, answers with a
value of ≥ 4 (“I agree”, and “I highly agree”) were treated as agree.

3 Project: LUDIK

Based on the workshop results presented in the previous section, we were able to
design LUDIK. LUDIK is a serious game system developed for smartphones.
16 https://www.hl7.org/fhir/summary.html, accessed September 11, 2023.
17 https://www.soscisurvey.de/, accessed September 11, 2023.
18 https://www.usability.gov/how-to-and-tools/methods/system-usability-scale.html,

accessed September 11, 2023.
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The purpose is to evaluate game scores and their correlation to self-reported
health data. The game scores are produced by 5 simple and easy to master mini-
games. The mini-games aim to test different skills: short term memory, reactions,
concentration, concentration perseverance, and fine motor skills. Additionally,
users report their health status on a daily basis through a questionnaire con-
sisting of the following four domains: overall, concentration, nausea, and
tiredness [13]. Adopting the LOINC standard, each item on the questionnaire
has a scale of 3 points as well as a point for “no symptoms” [11,19]. Users can
either freely choose which games to play in their game sessions, or be guided
through different games in an experiment mode. Guided sessions have a preset
sequence of mini-game-levels and are used for a specific span of days.

LUDIK embeds 5 mini-games with different genres and game ideas: ANZAN,
SPACE RIDE, MEMORY, SOCCER JUGGLE, and PATH. In ANZAN (see
Fig. 1a), users solve simple calculations in a short time. The result of a specific
calculation (addition, subtraction, multiplication, square root, or squared) is
displayed to the player, who must tap moving operands to solve the calculation,
providing straightforward mechanics that enable players to playfully deepen their
understanding of basic arithmetic operations. Each correctly solved calculation
adds one point to the total score. A level is completed when the user reaches 10
points, or when 4 calculations were answered incorrectly and therefore the player
lost all 4 lives. Game difficulty increases with each level (number of operands,
speed of operands moving).

Fig. 1. Client screenshots of ANZAN, SOCCER JUGGLE and PATH

SPACE RIDE is a sidescroller game, in which players maneuver a rocket to
avoid obstacles and collect randomly appearing stars (see Fig. 2a). The rocket
is controlled by tapping the screen of the smartphone. Each star provides a
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point to the user. Besides obstacles, there are monsters in the game which the
player has to dodge as well. They move arbitrarily at random speed, making
them harder to avoid and thus adding an extra layer of difficulty to the game.
A level is completed when the player hits 4 obstacles and/or monsters. Game
difficulty increases every 60 s by increasing the scrolling speed. The final score
also includes the overall time of the level.

Fig. 2. Screenshots of SPACE RIDE and MEMORY

MEMORY (Fig. 2b) is a digital implementation of the well-known game,
where players need to find matching pairs in a limited amount of tiles. In
LUDIK, the time to find matching pairs is limited during a level. Each cor-
rectly matched tile increases the time left to solve the current level. A level is
complete when all matches are found or the level time has run out. Game diffi-
culty increases by an increasing amount of hidden tiles at the beginning of the
level. The score used for evaluation is the time required to find all matching
pairs in the level.

In SOCCER JUGGLE (Fig. 1b) players need to repeatedly tap a floating
ball to prevent it from falling to the bottom of the screen. Each tap on the ball
bounces the ball upwards and rewards the player with one point. Depending on
level difficulty, the player has one (“HARD”) or four tries (“EASY”) to tap the
ball as often as possible.

PATH (1c)implements procedural generated levels with a narrow path, on
which players must balance a rolling marble by tilting the smartphone screen.
When the marble leaves the path, points are deducted. A level ends when the
player succeeds in navigating the marble to the end of the path, which is marked
with a black-and-white chequered pattern known from car racing. Level difficulty
can be raised by an increased number of tiles. The score is calculated by multi-
plying the number of traversed path-tiles with accuracy.

4 Results

Our experiment test group consisted of 42 children (female = 24, male = 17, NA
= 1). Their age was between 10–13 years (n = 41, mean = 11.56, NA = 1).
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Regarding whether they would rather report their health status through an
app, most participants agreed (highly agree: 52.4%, agree: 19.1%), while only few
participants disagreed (highly disagree: 0%, disagree: 7.1%). Some participants
had a neutral opinion on this question (21.4%). With a 95% CI, participants
agree with the statement (p = 0.0079). Agreement to the statement, that the
participant plays video games every day was well distributed: 7.1% highly agree
and 30.9% agree, whereas 23.8% highly disagree and 9.5% disagree. 28.6% would
neither agree or disagree. Most of the children agreed with the statement I like
playing video games (45.2% highly agree, 28.6% agree). Only 2.4% disagreed,
23.8% were neutral towards this statement. For the statement I think it is a good
idea to use video games as therapy, results were clearly positive: 59.5% highly
agree, 30.9% agree, whereas only 2.4% highly disagree, and 7.1% are neutral.
With a 95% CI, participants agree with the statement (p ≤ 0.01). These results
are visualized in Fig. 3.

Fig. 3. Evaluation of participants’ gaming habits

Generally, most of the participants would recommend the games to their
same-aged friends (28.6% highly agree, 42.9% agree). 7.1% would not recommend
the games (0% highly disagree, 7.1% disagree), 21.4% of the participants were
neutral. With a 95% CI, participants agree with the statement (p = 0.0079).
The game, which was mentioned most often as the most fun to play was PATH
(n = 15, 35.71%), followed by MEMORY (n = 11, 26.19%). The other games
were mentioned by a similar amount of participants: ANZAN, and SOCCER
JUGGLE have a count of 5 (11.90%), SPACE RIDE has a count of 6 (14.29%).
This game was the least fun to play was answered with SOCCER JUGGLE by
more than half of the participants (n = 22, 52.38%). The other indications are
distributed among the other games: ANZAN and PATH (each n = 6, 14.29%)
were mentioned slightly more than MEMORY and SPACE RIDE (each n = 4,
9.52%). These findings are illustrated in Fig. 4.
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Fig. 4. Which game was the :most fun to play (left), least fun to play (right)

The question I could imagine playing this game when I was chronically ill was
answered for each embedded game. Most participants agreed with the statement
for the game MEMORY (52.4% highly agree, 26.2% agree, p ≤ 0.01, CI = 95%),
followed by SPACE RIDE (40.5% highly agree, 33.3% agree, p ≤ 0.01, CI =
95%) and PATH (50.0% highly agree, 19.1% agree, p = 0.02, CI = 95%). Only
about half of the participants agreed for the games SOCCER JUGGLE (11.9%
highly agree, 38.1% agree, p = 0.64, CI = 95%), and ANZAN (26.2% highly
agree, 19.1% agree, p = 1, CI = 95%). Results are displayed in Fig. 5.

Regarding long-term-motivation, we asked the participants, for which game
they could imagine playing every day for a longer time. The results were largely
positive. Most participants could imagine playing the game PATH (42.9% highly
agree, 28.6% agree vs 14.3% disagree, 4.8% highly disagree, p ≤ 0.01, CI = 95%).
The games SPACE RIDE (40.5% highly agree, 21.4% agree vs 4.8% disagree,
2.4% highly disagree, p ≤ 0.16, CI = 95%), MEMORY (40.5% highly agree,
21.4% agree vs 7.1% disagree, 2.4% highly disagree, p ≤ 0.01, CI = 95%). The
games ANZAN and SOCCER JUGGLE had the least counted agreeing partic-
ipants for this question: ANZAN returned mixed results (21.4% highly agree,
26.2% agree vs 16.7% disagree, p = 0.87, CI = 95%). SOCCER JUGGLE shows
the least positive results, less than half of the participants agreed (16.7% highly
agree, 26.2% agree, p = 0.44, CI = 95%), but there was the biggest count of dis-
agreeing participants (14.3% highly disagree, 21.4% disagree). The results are
illustrated in Fig. 6.
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Fig. 5. I could imagine playing this game when I was chronically ill

4.1 SUS Results

Most games achieved excellent scores19 (see Table 1). The hightest scored game
was MEMORY (mean = 92.69, median = 95.00), followed by SPACE RIDE
(mean = 83.60, median = 85.00) and ANZAN (mean = 83.27, median = 85.00).
The game PATH was scored slightly worse, but still clearly above average (mean
= 81.78, median = 85.00). Only the game SOCCER JUGGLE has an inferior
SUS score (mean = 65.43, median = 65.00).

Table 1. SUS results for each game of LUDIK

Game Min Q1 Median Mean Q3 Max

Anzan 65.00 73.75 85.00 83.27 92.95 97.50

Memory 67.50 87.50 95.00 92.69 97.50 100

Soccer Juggle 30.00 55.00 65.00 65.43 75.00 97.50

Space Ride 35.00 75.00 85.00 83.60 97.50 100

Path 42.50 73.12 85.00 81.78 94.38 100

19 Cut-off for an acceptable system is a SUS score of 70 [3].
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Fig. 6. I could imagine playing this game every day for a long time

4.2 Open Question Responses

Participants also answered open questions (see Table 2):

– Q1: I particularly liked about LUDIK
– Q2: I particularly disliked about LUDIK
– Q3: These games would be nice in LUDIK
– Q4: This needs improvement in LUDIK

Positive comments (responses to Q1) of the participants regarded the overall
concept and idea of LUDIK (n = 11), the design and graphics (n = 7), and
that the games very fun to play (n = 5). The different genres of the games were
mentioned (n = 5) as well as the easy nature and concepts of the games (n =
4). The game PATH was mentioned explicitly (n = 4).

Points that were disliked (Q2) or need improvement (Q3) were inaccurate
game controls (n = 6), which holds especially true for the game SOCCER JUG-
GLE (n = 9), which was therefore either too difficult (or too buggy) for the
participants. The lack of help texts and game explanations, even though a but-
ton was found in the client interface, was distracting for the participants (n =
3). Some participants felt like the music was annoying and would therefore wish
for a possibility to turn it off (n = 2). One participant reported feeling dizzy
after playing SPACE RIDE.

Suggested improvements are general improvement of game controls (n = 3),
especially for SOCCER JUGGLE (n = 5). Two participants suggested displaying
high scores. For a possible expansion regarding mini games, the most common
mentions were arcade or jump’n’run (n = 4), like Sonic Dash or Temple Runner,
or Frogger (n = 2). Other mentionings were action-puzzle games like Snake
(Slither.io, Paper.io, n = 2), or games targeting language skills (n = 2).
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Table 2. Open questions: responses and frequency

Question Statement Count (n)

Q1 I liked the design and graphics 7

Q1 I liked the easy nature of the games 4

Q1 The games are very rich in variety 5

Q1 I liked the overall idea/concept 11

Q1 I especially liked the game PATH 4

Q1 I had great fun while playing the games 5

Q2 The controls of SOCCER JUGGLE were inaccurate 9

or the game was too difficult

Q2 The controls of some games were inaccurate 6

Q3 “Sonic Dash”/“Subway Surfers” (Arcade/Jump’n’Run) 4

Q3 “Crossy Road” (“Frogger”-like Jump’n’Run) 2

Q3 “Slither” / “Paper.io” (“Snake”-like Arcade) 2

Q4 The lacking functionality of the HELP texts 3

Q4 High scores 2

Q4 Game controls need improvement 3

Q4 SOCCER JUGGLE needs improvement 5

(difficulty, controls, concept)

Q4 There are many bugs 3

5 Discussion and Conclusions

Our results show, that the core idea of LUDIK is well-accepted by peers in
the same age group as the target group. They would rather use a digital solu-
tion than a pen-and-paper-approach for frequent health data reports (71.5%
of the participants), whereas the idea is neglected by few participants (7.1%).
Most of the participants like playing video games (73.8%), but only 38% of
the participants play video games every day. This is an important finding, as
the system concept intends to let patients play every day. The idea of using
video games for therapeutic reasons is also well liked by the participants (90.4%
agree). Also, most participants would recommend the game to same-aged friends
(71.5%). The games which were liked the most were PATH and MEMORY. Both
games follow a very simple game concept and very basic rules, they are therefore
easy to understand. Results show, that 78.6% could imagine playing MEMORY
when they were chronically ill, and 61.9% could imagine playing it every day.
The same holds true for the mini-games PATH, ANZAN, and SPACE RIDE.
Only the game SOCCER JUGGLE received mixed results: 50% of the partic-
ipants could imagine playing the game when chronically ill, and 42.9% would
play it every day. The SUS scores of the mini games indicate the same con-
clusion. Most of the SUS scores are above average, but SOCCER JUGGLE



152 K. Peters et al.

was below average (65.00). In comparison, the average SUS score of MEMORY
was 95.00, the average SUS scores of ANZAN, SPACE RIDE, and PATH was
85.00. Overall, the survey results indicate a high acceptance of the mini-games,
their concepts and graphical assets. The hypothesis tests confirmed h1 for the
games MEMORY (play when chronically ill: p ≤ 0.01, CI = 95%; play this
game every day: p ≤ 0.01, CI = 95%), SPACE RIDE (play when chronically
ill: p ≤ 0.01, CI = 95%; play this game every day: p ≤ 0.16, CI = 95%), and
PATH (play when chronically ill: p ≤ 0.02, CI = 95%; play this game every day:
p ≤ 0.01, CI = 95%). However, we reject h1 for the games ANZAN (play when
chronically ill: p = 1, CI = 95%; play this game every day: p = 0.87, CI = 95%)
and SOCCER JUGGLE (play when chronically ill: p = 0.64, CI = 95%; play this
game every day: p = 0.44, CI = 95%). The experiment was organised remotely,
due to the current Covid-19 pandemic. For some participants, the sign-up process
in the app was too complicated, due to language constraints. Most of the issues
could be resolved during the experiment, but these complications distracted the
whole group and consumed a substantial amount of time.

In conclusion, we have learned that for such an experiment, user accounts
should either be provided, or no user account should be required to test. The
identified medical data exchange standards, are LOINC and HL7FHIR. LOINC
is used to describe the health parameters, which are reported in daily question-
naires in LUDIK. We were able to reuse the correct mappings of LOINC codes
to our health status questionnaire from our earlier project INTERACCT. For
the exchange of medical data, as well as integration into existing hospital infor-
mation systems, HL7FHIR covers the most important requirements. To save
resources and time when implementing further modules for LUDIK, open source
projects, which leverage on HL7FHIR, can be used.

The first hypothesis h1 of this contribution must be discarded, because we
could not show the link between the players’ actual health data and their game
scores. Current data does not show a link between players’ actual health data
and their game scores. Unfortunately, we were not able to execute a longitudinal
study with actual patients, primarily due to organizational, pandemic-caused
reasons. However, evaluating a potential correlation with healthy children would
be inaccurate, as the submitted health data should not be assessed like health
data from actual SCT patients [22]. However, the technical and conceptual func-
tionality of LUDIK is sufficient to conduct such a study.
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Abstract. Can digital game play enhance child wellbeing? Applying a wellbeing
framework that identified six dimensions of wellbeing (competence, agency, relat-
edness, curiosity, optimism, and reduced stress) we conducted a playtesting study
(N = 25) to develop wellbeing profiles for six games. These profiles informed an
experimental study in which 8- to 12-year-olds (N= 62) either played tablet-based
casual games over an 8-week period (play group) or engaged in other activities
(control group) in an afterschool program. We administered the Basic Psycholog-
ical Need Satisfaction Scale (BPNSFS) as pre-test, and the KIDSCREEN-27, a
standardized measure of wellbeing, as pre- and post-intervention test. We found
that for children with specific psychological needs, the play intervention improved
related domains of wellbeing. Results have theoretical and practical implications,
including guidance for game designers to add features supporting child wellbeing.
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1 Introduction

1.1 Play Across Contexts

Play has long been recognized as having a crucial role in children’s learning and devel-
opment, and is essential for cognitive, physical, social, and emotional wellbeing [1–3].
Although most research has focused on play in the physical world, as children and ado-
lescents spend more and more time in digital environments, it is important to understand
what effects this digital play is having on children [4]. It has even been called into
question whether or not it makes sense to separate the digital and physical worlds for
youth today, who are living in a “hybrid reality” that flows seamlessly between digital
and physical environments [5]. Digital play, therefore, is an extension of other forms of
play for children and adolescents, albeit in a medium that has unique affordances and
opportunities, including opportunities for improving wellbeing.

Children spend more time playing digital games in their daily lives than ever before,
and games often occupy a space in their lives that extends beyond a past time to an
impactful activity. As children age, play continues to be important for the development
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of social-emotional competence and cognitive development, including the continuing
development of imagination, creativity, and humor [6], and is associated with posi-
tive feelings and enhanced emotional wellbeing [7]. Particularly for children in middle
childhood who are gaining increased independence and abilities with technology, oppor-
tunities for digital play are more prominent. By the ages of 8–12, technology is often
part of school curriculum, and by the time they are tweens (ages 10–12) many children in
the US receive their own mobile devices [8]. In 2021, 59% of 8- to 18-year-olds played
games every day, with daily averages of about 2.5 h among 8- to 12-year-olds and 3 h
among 13- to 18-year-olds [9]. Particularly during the COVID-19 pandemic, playing
digital games became even more important to child wellbeing, serving as a means of
connection [10] and coping [11].

1.2 Digital Play and Learning

Digital games and gamified instructional methods have become commonplace in class-
rooms at all age levels, with educators and researchers finding that these methods boost
student engagement, effort, persistence and attention to task [12–14]. Due to its popular-
ity and inherent qualities to deliver dynamic play experiences, video game play has been
examined with regard to its effect on a number of outcomes: research has documented
positive effects of digital game play in learning and cognition [15], promotion of health
and exercise [16] and behavior change [17]). Game play was found to enhance players’
executive functions [18, 19], increase hope and optimism in Syrian refugee children [20],
improve skills related to perception and processing of visual information [21], increase
task-switching speed [22, 23] and help with emotional regulation or mood change [24,
25].

1.3 Digital Play and Wellbeing

Popular opinion, influenced by sensationalized media reports, often shows negative
attitudes toward digital games, including concerns about addiction [26], aggression [27],
desensitization to violence [28], reduced attention [29], and depression and suicidal
ideation [30]. However, results of empirical research on these issues are often much less
negative. In this paper, we are especially interested in the effect of digital play on child
wellbeing.

A number of different approaches have been used to study this relation. Some studies
have simply examined total time spent playing video games. For example, in a large-
scale study of over 250,000 participants, Johannes et al. [31] examined the relation
between time play behavior, measures of wellbeing and motivations for video game play
obtained via surveys. Johannes et al. found a small positive relation between affective
wellbeing and the time spent playing two particular games, Plants vs. Zombies and
Animal Crossing. However, these findings were contradicted by the same team in a
study two years later with the conclusion that time spent gaming has little to no effect
on wellbeing, calling for further research on the matter [32].

Other studies have compared differences inwellbeing between non-players and video
game players with low, moderate and high or excessive rates of self-reported play, with
a focus on high school and middle school participants [33–35]. In a review of these
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studies, Jones et al. [36] found general positive effects of gaming on players’ positive
emotions and relaxation.

Lastly, rather than examining overall video gameplay and broad measures of well-
being, some researchers have attempted to identify how specific game design features or
certain types of in-game activities result in improvements of related aspects of wellbe-
ing. This approach has also been extended to commercially available games exhibiting
powerful positive effects on cognitive and perceptual skills [21, 37] including executive
functions [38]. In their rigorous review of 23 empirical studies, Villani et al. [24] found
that playing emotionally engaging video games is positively associated with emotional
regulation, and that frequent play of commercial games with affective design features
offers more opportunity for improved emotional states in players. Additionally, research
has found playing video games that have been specifically designed to challenge certain
cognitive skills, including skills such as executive functions that are known to support
children’s wellbeing, results in improvements in those skills [19].

Together, these findings suggest that rather than consider a broad relation between
video game play andwellbeing, it is more useful to examine the relation between specific
types of play activity and related aspects of wellbeing. This is the approach we have
taken in the current program of research with children ages 8–12 in the unique middle
childhood period of development.

1.4 The RITEC Framework for Child Wellbeing

The studies presented here were conducted as part of the Responsible Innovation in
Technology for Children (RITEC) project, an international partnership with multiple
stakeholders across industry, policy and academia with the goal of understanding how
digital play can support wellbeing in children [39]. The project aims to investigate
the impact of children’s interactions with digital technologies, while also exploring
possibilities to promote child wellbeing.

Wellbeing is a complex andmultifaceted construct that is inconsistently defined in the
literature. It can be examined using different frameworks that focus on different aspects
of wellbeing. As a first phase of the RITEC project, we therefore developed a frame-
work that specifies eight components of child wellbeing, which emerged from research
that included large-scale survey data and smaller child-centered focus groups [39]. Our
research comprises the second phase of this project, where we are focusing specifically
on those components of the RITECwellbeing framework that can be positively impacted
through digital play. Informed by self-determination theory [40], we focus on intrinsi-
cally motivating factors in digital play that are linked to the basic psychological needs
for autonomy, competence, and relatedness. Specifically, we are examining the follow-
ing six dimensions of wellbeing: competence, agency/autonomy, relatedness/belonging,
curiosity/openness, optimism/positive outlook, and relaxation/reduced stress.

Our theory of change is that when digital play, like all play, meets children’s and ado-
lescents’ psychological needs, it can support their wellbeing.We examined this claim by
investigating children (ages 8–12) playing video games that were systematically selected
to afford play activities that address fundamental psychological needs, as outlined by
self-determination theory [40]. This first phase of this research consisted of playtesting
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to confirm the selection of appropriate games, which was followed by an experimental
investigation of the potential of these games to support wellbeing.

2 Playtesting Research for Selection of Games

Our playtesting research investigated whether various commercially available casual
games can provide gameplay experiences that have the potential to enhance children’s
wellbeing. Through observations of players’ in-game actions, video coding of players’
behaviors during the gaming sessions, surveys, and interviews, we identified specific
in-game activities with the potential to enhance wellbeing in the six dimensions iden-
tified by our framework: competence (e.g., by giving players challenging, yet solvable
problems), agency (e.g., by giving players freedom of choice and action), relatedness
(e.g., by fostering social relationships between the player, game’s character and world),
curiosity (e.g., by promoting openness towards game settings, narratives, characters,
and alternative game play), optimism (e.g., by cultivating a positive outlook and belief in
future success), and relaxation (e.g., by reduction of stress or calming stimuli). Results
provided initial evidence for the wellbeing effects of the specific games we investigated,
developed wellbeing profiles for the games, and confirmed findings of previous research
on the wellbeing potential of digital games.

Research Questions. The playtesting study investigated the question: “Do casual
games of different genres provide gameplay experiences that have the potential to
enhance a child’s wellbeing?” Specifically, we asked what types of game play expe-
riences (e.g., puzzles, action, open-ended environments) children have in casual games,
and how could they be associated with subjective wellbeing.

2.1 Method

Research Design. We followed an observational approach to playtest the games with
our target demographic because we aimed to understand children’s subjective wellbeing
associated with their gameplay experiences. The collected qualitative data allowed us to
investigate the extent to which the selected games provide experiences that potentially
have positive effects on children’s immediate wellbeing in order to determine which
games to include in the longitudinal experimental study.

Participants. Participants (N = 25) were recruited through word of mouth and fliers
in a large urban area in the Northeastern United States. The participants’ age ranged
from 7 to 17, with a mean of 11 years (SD = 2.7). Note that while the mean falls within
the same range as for the experimental research, two participants who were older than
12 years were included to broaden the applicability of playtesting findings.

Materials and Apparatus. The materials included a pre-play survey, two tablet-based
videogames, a post-play interview, and anobservation form.Thepre-play survey covered
general gaming habits and preferences. Participants played two out of the following
six games on a tablet: Plants vs. Zombies (tower defense with plants), Rocket League
Sideswipe (action soccer with high-flying cars), World of Goo (puzzle solving through



Does Digital Game Play Affect Social/Emotional Child Wellbeing? 159

goo ball constructions), Angry Birds 2 (puzzle solving through tower destruction sling
shooting birds), LEGO Builder’s Journey (visually pleasing puzzle adventure), LEGO
Tower (build and manage a tower for LEGO Minifigures).

To choose these games, we first informally reviewed dozens of games, evaluating
designs for play mechanics that we felt would support wellbeing, as well as for prac-
tical issues, e.g., can the game be played on a tablet, is the game available in multiple
languages, or is no language required. A list of potential games was created to include
a variety of genres and gameplay styles (action, puzzle, resource management, RPG)
within age-appropriate ratings of widely available commercial games.

We excludedmultiplayer games from this research formultiple reasons.Most impor-
tantly, there is a dearth of systematic research investigating children’s wellbeing with
single player games, and it seemed premature to introduce the methodological com-
plexities of multiplayer games in this initial research. This study required a consistent
gameplay experience for all players, which cannot be guaranteed in many multiplayer
games, where one layer’s experience depends on the other players, and where we would
have had to monitor for inappropriate behaviors. Additionally, we considered potential
prior exposure to the game and excluded any titles that most of the children participating
in the research would have already played a lot, thereby diminishing any potential effects
of additional play as part of our study. For example, Minecraft is an extremely popular
game that is played by many children both in school settings and at home, and so playing
for a few more hours as part of our intervention research would be unlikely to have any
effect above. Finally, we excluded multiplayer games as they required internet access,
which was not guaranteed at all participating sites.

The post-play interview covered the participants’ playing experience. The partici-
pants played the games either on a Samsung Tab 7 light or iPad mini 6. An observation
form was created to allow researchers to document participant behaviors in relation to
the six wellbeing categories.

Procedure. After parental permission and child assent were obtained, participants com-
pleted a pre-play survey to determine gaming habits and backgrounds. They next played
two video games on a tablet, each for 20 min. During each of the 20-min play ses-
sions, a research assistant observed the child playing a specific video game on the tablet.
The research assistant noted observations of player behavior (indicators) into a wellbe-
ing matrix of the six dimensions from our framework. These indicators included facial
expressions, gestures, postures, and utterances. Screen capture software was used to
record each videogame play session for subsequent analysis. Finally, participants were
given a post-play interview about their play experience and attitudes towards the games,
including questions about how players were feeling during gameplay. Even though the
possibility of our observations affecting players behavior (Hawthorne effect) was low,
since control group members participated in activities in the same setting that also
included observations, we used multiple other data collection methods, such as screen
capture, surveys, and interviews, and triangulated the findings to understand players’
experiences.

Analysis. Our analysis consisted of two stages, using three kinds of data sources. In the
first stage, we coded the game play experiences and rated the six wellbeing dimensions
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on a five-point scale. The coding process took into account both the in-game events
captured in screen recordings and player behaviors documented in observation notes
to construct a holistic picture of each gaming session. Second, we identified themes in
the interview data to substantiate how game play experiences can be associated with a
child’s subjective wellbeing.

Video coding started with defining a list of observable in-game events that could
contribute to a child’s wellbeing. These events were specific to each game. For example,
a form of winning in a game can be a general observable event for competence. In
Plants vs. Zombies, this can be manifested by using plants strategically and successfully
defending against waves of zombies while in LEGO Builder’s Journey, this can be seen
as successfully solving a puzzle that bridges a path to unite two game characters.

We next scored the videos on a five-point scale to indicate the extent that the game
play may have offered experiences that could contribute to the player’s wellbeing on one
or more of the six dimensions. The scoring was based on the frequency of pre-defined
observable in-game events. A higher score indicated a higher possibility of a child having
an experience that could enhance their wellbeing.

All observations were consolidated in 5-min-increments. Only the last 10 min of the
recordedgameplaywere coded asmost of the participantswere new to the games selected
and thus needed time to familiarize themselves with the game rules and mechanics. The
second stage of the coding included weaving observations into the scoring process. We
reviewed observation notes and identified participant behaviors that were indicators of
one or more of our wellbeing dimensions. These indicators, such as facial expressions,
postures, gestures, gaze, and utterances, were behavioral evidence showing that a child
was experiencing wellbeing like competence, relaxation, or optimism. After scoring
the two intervals, the highest score of the two was selected as the final score for each
wellbeing dimension. The final scores were composed of examinations of both the game
play and player behaviors.

Lastly, themes were identified in interview data to help further our understanding of
how game experiences could contribute to a child’s subjective wellbeing. Our interview
questions asked about players’ overall experience of playing the selected games and their
attitudes towards them. In addition, specific questions related to wellbeing dimensions
were also included, for example, we asked whether the player was able to do what they
wanted to do in the game, what they were curious about, or how they were feeling during
their game play. The themes identified were game-specific given the uniqueness of game
experiences that each game offered.

2.2 Playtesting Results

Through our analysis, we were able to identify several kinds of gameplay experiences
that can be associated with different wellbeing dimensions, which allowed us to predict
whether the games we selected could contribute to a child’s subjective wellbeing for the
experimental study. Because of these differences in the expression of each dimension in
the different games, the indicators of wellbeing and their operationalization varied by
game, resulting in the development of wellbeing profiles for each game.
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Wellbeing Profiles. As an outcome of our analysis, we created wellbeing profiles for
each game based on both the scoring and interview themes. These profiles identify
the extent to which each game is likely to induce the specific wellbeing factors under
investigation. All games supported the six wellbeing dimensions to some extent, but
each game had its own strengths. Wellbeing profiles of two games are presented below
as examples of how our analyses guided by a wellbeing framework were used to develop
profiles for the designs of individual games.

Table 1. Wellbeing profile of RLS.

Rocket League Side Swipe (RLS). RLS is a fast-paced action soccer game with high-
flying cars, offering short 2-minmatches where players can compete against bots or team
upwith non-player teammates, while enjoying customization options for their car avatars
and emoticon-based interactions. RLS (Table 1) provided gameplay experiences that
were most likely to support competence, agency/autonomy, and relatedness/belonging.
Curiosity and optimism/positive outlook were also observed, but not as strongly, and
relaxation was least prevalent.

Competence is related to the player’s ability to solve the challenges posed by the
game. It was highly observable due to the games’ clear goals and measurable out-
comes, including metrics like the number of goals and defenses. Additionally, players
received immediate feedback on their performance, making indicators of competence
highly observable events. Agency related to the player’s freedom of choice and action,
as shown through players’ choices of orientations of competitive play (1 vs 1) or col-
laborative play (2 vs 2). Relatedness and a sense of belonging was defined as the social
relationship between the player, game’s character, and the world. Although characters
and a traditional narrative are not part of the design of RLS, players’ use of emoticons to
thank or cheer on their non-player teammate in collaborative play operationalized this
dimension. Relaxation was least prevalent since players were generally more thrilled
and excited playing in the competitive action environment of RLS, rather than calm and
relaxed as observed when playing other games focused on self-paced play.

Plants vs. Zombies (PvZ). PvZ is a tower defense game where players employ strate-
gies using a variety of plants to survive zombie invasions. The game features cute and
humorous characters, and with challenging and progressive levels, players unlock new
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plants and features to strategize their defenses in multiple ways. PvZ (Table 2) showed
a high potential for wellbeing effects across all wellbeing dimensions, but specifically,
the design of the game allowed players to learn and improve, trying different strategies,
supporting increased competence and agency, which resulted in increased relaxation.

Improvement in gameplay was an indicator of competence observed in PvZ. Players
learned how to get better at the game and adjusted their strategies based on their perfor-
mances. Accordingly, player behaviors supported in-game events to rate competence.
Children experienced positive emotions—e.g., they smiled, yelled out “yes,” and jumped
off their chairs with their hands raised in victory—when they made achievements in the
game. They showed confidence when they gave pep talks to themselves and disparaged
their non-player opponents during gameplay. Through our conversations with the chil-
dren, they often presented clear ideas about the best strategy to use and why they won or
lost at the end of their gaming sessions. Additionally, players highlighted that they had
to develop their own strategy to survive the zombie waves. They were reflective of the
fact that timing and positioning of their plants had severe consequences on the outcome
of a round.

Table 2. Wellbeing profiles of PvZ.

These reflections were also indicators of curiosity. Children showed curiosity and
openness towards game settings, narratives, characters, and alternative ways of game-
play. Players were curious and open to trying out new game characters they unlocked
and learning how the new plants could be utilized. Further, compared to open-ended
environments of other games, PvZ level progressions presented as roadmaps allowed
players to scroll over and explore what was to come, indicating competence interacting
with curiosity.

Although surviving waves of zombie attacks may not be intuitively relaxing, players
would feel good and have a sense of accomplishment after successfully repelling the last
wave, resulting in optimism, and by extension, relaxation. When players were confident
that they would win, we observed relaxation in their postures. For example, players sat
in a relaxed position leaning on their backrest or played with only one hand when they
had built a strong defensive position of plants that could easily fight off the zombies’
advances.
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2.3 Playtesting Discussion

Our playtesting research asked whether digital gameplay experiences have the potential
to enhance a child’swellbeing.We identified activities in commercial off-the-shelf tablet-
based games that are related to wellbeing factors and have the potential to enhance
wellbeing. Games that allow for an interaction of the agency and relatedness dimensions
of wellbeing may have the strongest potential to positively affect children’s wellbeing.

In this study, games that made clever use of their game mechanics to impact agency
and relatedness were PvZ and RLS. In both games, the player’s decision-making affects
characters and the world around the player. Players receive immediate feedback on the
effectiveness of their strategy, which contributes to their agency and can thereby increase
competence. Awell-balanced interaction between game events and opportunities related
to agency and relatedness are preconditions for increased optimism and relaxation. Opti-
mism and relaxation appeared to be byproducts of the players’ increased agency and
relatedness.

Results provide initial evidence for the well-being effect of the specific games we
investigated,which is in linewith findings of previous research on thewellbeing potential
of digital games. We also identified which kind of experiences players had that have the
potential to affect wellbeing. Based on our findings we were able to conclude that the
six chosen games were suitable for the experimental research we conducted, reported
next.

3 Experimental Study

Building on findings of the playtesting, we next conducted an experimental study to
determine if playing the selected video games does actually enhance children’s well-
being. Over the course of 8 weeks, 8- to 12-year-olds from an afterschool program (N
= 62), played the selected digital games in twice-weekly play sessions, while a control
group from the same participated in their usual activities (e.g., sports). Measures of psy-
chological needs, loneliness, and pre- and posttest measures of wellbeing were given to
all participants.

Research Questions. For the experimental research we asked:

1. Does playing digital games over the course of 8 weeks enhance wellbeing in players
8–12 years of age?

2. What social interactions emergedduring gameplay, andhowdid this affectwellbeing?

3.1 Method

Participants. Participants were recruited from an afterschool program in a suburban
area in the Northeastern United States. The children were randomly assigned to either
the play group (N = 35; plus 2 additional participants did not return for the posttests)
or control group (N = 27; plus 5 additional participants did not return for the posttests).
Participants’ ages ranged from 8 to 12, with a mean age of 10 years (SD= 1.1). Twenty-
three participants were female, and one identified as non-binary. Among those who
provided further demographic information, 34 participants identified as Latino/Hispanic
and 10 identified as African American.
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Apparatus. Six mobile games were selected as options for gameplay. These games
were the ones included and validated in the playtesting research. All games were played
on a 10.9-inch iPad Air, with each child having their own iPad.

Measures. Children were given a background and video game play experience ques-
tionnaire. Also, two global wellbeing measures were given pre- and post-intervention:
the Children version of the Basic Psychological Need Satisfaction and Frustration
Scale (BPNSFS) and the KIDSCREEN-27 (KS-27). The BPNSFS, grounded in self-
determination theory, measures how well children’s basic psychological needs are met,
and assessed their level of needs frustration in three domains: autonomy, relatedness,
and competence. It has been translated into several languages and validated among both
adults and children in many countries [41]. The general wellbeing items include curios-
ity/openness, relatedness, positive outlook on life, general feeling of competency and
general feeling of autonomy. The KS-27 is a more general measure of physical and
psychological wellbeing, including the domains of autonomy & parents, peers & social
support, and school environment. It has been validated across multiple cultures and has
good internal consistency and reliability [42].

Procedure. Parental permission and child verbal assent were obtained prior to initiating
our research. Initial visits consisted of pre-test measures of wellbeing and loneliness, as
well as surveys to collect background information. The play group also had an intro-
ductory session playing the games on iPads. Over an 8-week period, play visits were
conducted twice weekly unless a holiday or program closure changed the schedule.

Play visits consisted of non-structured time to play the games, with free choice to
select any of the available options and a welcoming environment to play alongside other
participants as desired. Each visit, individual participants would be asked to complete
short surveys about their experience playing the games. During gameplay, researchers
used an observation form to record each child’s behaviors. Start and end time of play
were noted, and in five-minute intervals, researchers notedwhich gamewas being played,
the child’s emotions, and whether they socially interacted with other players. The form
tracked, for example, when a player talked to another player (social target) about game
related content.

Final visits consisted of post-test measures of wellbeing, a survey about gameplay
during the time of the study, and for those in the play group, brief semi-structured
interviews about their experience.

3.2 Results Experimental Study

Research Question 1: Does playing digital games over the course of 8 weeks enhance
child wellbeing in players 8–12 years of age?

An analysis of covariances (ANCOVA) was conducted with group (control, play) as
independent variable, pre-test wellbeing (pre-KIDSCREEN-27 total) as a covariate, and
posttest wellbeing (post-KIDSCREEN-27 total) as the dependent variable. The analysis
did not reveal a main effect for group, F(1,47) = .30, p = .059.

Next, we investigated how existing psychological needs might moderate the inter-
vention effects. We examined how change in scores on the Autonomy & Parent Relation
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subscale of the KS-27 was related to children’s reported Autonomy Frustration on the
BPNSFS. The ANCOVA revealed a main effect of group, F(1,49)= 5.61, p= .022, ηp2
= .10, with significantly greater gains for the intervention group (m = 3.6, SD = 12.9)
than for the control group (m = 1.5, SD = 9.4). There was also a significant Auton-
omy Frustration by group interaction, F(1,49) = 5.66, p = .021, ηp2 = .10. In the play
group, children with lower Autonomy Frustration Scores (indicating greater frustration)
demonstrated greater gains in the Autonomy and Parent Relations subscale, see Fig. 1.
For the control group, Autonomy Frustration did not relate to change in Autonomy and
Parent Relations score.

Fig. 1. Change inKIDSCREEN subscaleAutonomy and Parent Relations byBPNSFSAutonomy
Frustration by group for United States participants

We next examined how change in scores on the Autonomy & Parent Relation sub-
scale (KS-27) was related to children’s reported Relatedness Frustration (BPNSFS). The
ANCOVA revealed a main effect of group, F(1,50)= 4.20, p= .046, ηp2 = .08, with the
intervention group demonstration greater gains (m = 3.6, SD = 12.9) than the control
group (m= 1.9, SD= 9.4). There was also a significant Relatedness Frustration by group
interaction, F(1,50) = 4.36, p = .042, ηp2 = .08. In the intervention group, children
with lower Relatedness Frustration Scores (indicating greater frustration) demonstrated
greater gains in the Autonomy and Parent Relations subscale. For the control group,
Relatedness Frustration did not relate to change in Autonomy and Parent Relations
score.

Finally, we examined how change in scores on the Social Support & Peers sub-
scale (KS-27) was related to children’s reported Relatedness Frustration (BPNSFS).
The ANCOVA revealed a main effect of group, F(1,50) = 8.10, p = .006, ηp

2 = .14,
with the intervention group demonstration greater gains (m= 2.25, SD= 12.0) than the
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control group (m = 1.1, SD = 7.9). There was also a significant Relatedness Frustra-
tion by group interaction, F(1,50) = 8.26, p = .006, ηp2 = .14. As shown in Fig. 2, in
the intervention group, children with lower Relatedness Frustration Scores (indicating
greater frustration) demonstrated greater gains in the Social Support and Peers subscale.
For the control group, Relatedness Frustration did not relate to change in Social Support
and Peers score.

Fig. 2. Change in KIDSCREEN-27 subscale Social Support and Peers by BPNSFS Relatedness
Frustration by group for United States participants

Research Question 2: What social interactions emerged during game play, and how
did this affect wellbeing?

We performed a social network analysis (SNA) to understand children’s play behav-
ior in a social context and who players interacted with during the intervention. SNA
quantifies the interactions within a network and allows for visual representations of
networks [43, 44].

The SNA is not directional, i.e., we did not track who initiated the conversation
between players. We imported the data into Gephi and computed the network metrics
[45]. The network consisted of 32 players, see Fig. 3. The degree value indicates how
many other players a player interacted with. On average, players interacted with 5 other
players in the playing room. Participant mcs24 interacted with 13 other players, putting
this player at the center of the network.

Closeness is a centrality measure indicating the distance between nodes or players,
with values ranging from0 to 1. Thismeasure highlightswho canmost efficiently transfer
information to other participants. Player mcs24 has the highest closeness centrality of
0.52. This means that if mcs24 had the solution for a game level, the player could share
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the information with half of the players. On average, players have a closeness centrality
of 0.38.

Fig. 3. Social Network Analysis of children playing video games in afterschool

The clustering coefficient indicates the degree to which nodes in a network tend
to cluster together rather than randomly connecting with other group members. The
clustering coefficient measures the likelihood of two players interacting with each other
through someone else, who is connected directly to each of the players. Networks with
high clustering are known as cliques if everyone is connected directly to everyone else
[46]. Values below 0.3 indicate that students were more likely clustered and that those
clusters did not communicate with each other. On average players have a cluster value
of 0.49. The network can roughly be divided into three clusters. This might be due to
the spatial set up of three tables in the playing room.

3.3 Experimental Study Discussion

Our experimental research compared two groups of students, one who played games
in an afterschool program over the course of 8 weeks, and one that participated in
other activities. Among the measures was KIDSCREEN27, a measure of physical and
psychological wellbeing. We found significant interaction effects between preexisting
psychological needs (BDNSFS) and gains on specific domains of wellbeing (KS-27).
The psychological need for relatedness was the most predictive of gains in wellbeing,
and higher levels of relatedness frustration had greater gains in both the social support
and peers, as well as the autonomy and parent relations wellbeing subscales. Autonomy
was also important, with higher levels of autonomy frustration predicting greater gains
in the autonomy and parent relations wellbeing subscale. Although the psychological
need for competency was not predictive in the current study, this may have been due to
the play sessions and the selected games.
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A social network analysis revealed that participants engaged in social play even
though the games were single player games, which corresponds to the finding that
relatedness is an important psychological need supported by games.

4 Discussion and Conclusion

In response to concerns about the effect of digital technology on child wellbeing, we
conducted research investigating the impact of children’s digital play on six dimensions
of wellbeing: competence, agency, relatedness, curiosity, optimism, and reduced stress.
These studies were conducted as part of the Responsible Innovation in Technology for
Children (RITEC) project, an international partnership of partners in industry, policy
and academia [39]. We conducted playtesting research to select six games for inclusion
in the research, and conducted an 11-week experimental study in which one group of
8–12 year old children played the games we selected, and one engaged in other activities
instead.

As with any research, generalizability of these findings is limited due to the limited
sample size, limits in the diversity of the sample, and limits in the games we were able to
include in this research. To determine the extent to which our findings generalize to other
cultures, we are conducting similar studies in other settings, including South Africa and
Chile.

Our findings have important theoretical and practical implications. On the theoretical
level, we found a positive effect of digital play on child wellbeing for children with low
levels of wellbeing. On the practical level, we introduced wellbeing profiles for games
based on user observations, which help identify the specific aspects of wellbeing that
these games can affect. We also found further evidence that play is social, even when
the games are designed for single play. Initial recommendations for designers are to be
aware of the impact their games can have on child wellbeing, and to design games that
support players’ autonomy and relatedness.
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Abstract. We present ReWIND, a story-based serious game to help players learn
cognitive behavioral therapy (CBT) strategies that are useful for tackling anxi-
ety disorders. ReWIND artfully weaves CBT into the anxiety-relevant sub-stories
encapsulated as quests in the game and implements game mechanics simulat-
ing CBT strategies such as cognitive restructuring. Finally, ReWIND reinforces
learning of the CBT strategies through reflection dialogs, quest summaries and
repetition of a CBT strategy across different quests. ReWIND offers a scalable
framework to extend the game to cover many different anxiety scenarios and CBT
strategies.

Keywords: Cognitive behavioral therapy · serious game · anxiety · mental
health · psychoeducation

1 Introduction

Cognitive behavioral therapy (CBT), a series of cognitive and behavioral interventions
aimed at regulating dysfunctional patterns of thinking and maladaptive behaviors to pre-
vent the development of and maintain emotional distress for mental health problems [7],
has been proven to be effective in the treatment of anxiety disorders [10]. Traditional
CBT is usually conducted within 12 to 20 sessions with the patient in the presence of the
psychotherapist [4]. Psychotherapists attempt to assist patients in challenging their neg-
ative thoughts while providing advice during the sessions so patients can think in a more
balanced and functional manner and subsequently overcome the self-defeating patterns.
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Continuously providing information through psychoeducation is crucial to facilitate the
change of thought and behavior [1] but treatment cost and sustainability are among some
of the barriers to long-term therapy [8].

We present ReWIND, a story-based serious game designed to artfully incorporate
CBT strategies into the game narrative and mechanics for the purpose of anxiety psy-
choeducation. Unlike prior games for anxiety that have only integrated CBT in games as
a series of goal-oriented tasks [2, 3, 9, 12, 14, 15] and required therapists for guidance
during the intervention, ReWIND allows players to explore different anxiety scenar-
ios and CBT strategies through different sub-stories encapsulated as quests in the game
without needing external assistance. ReWINDwas co-designedwith psychology experts
to ensure an accurate implementation of CBT in the game. In this paper, our main goal is
to demonstrate how CBT can be realistically weaved into the game narrative and artfully
incorporated into the game mechanics through ReWIND.

2 Related Work

SuperBetter (SB) is an example of task-driven game solution targeting anxiety [12].
SB leverages CBT and positive psychotherapy targeting depressed people while also
expected to reduce anxiety symptoms at the same time as the secondary outcome, given
the high comorbidity of anxiety and depression. There are no interactive stories in SB,
such that users make progress through the game in the form of completing activities
such as describing a goal, taking recommended steps toward the goal, and completing
recommended mood-boosting activities.

Another relevant gamified solution, SmartCAT2.0, was introduced as an adjunctive
component to CBT treatment in an open trial for childhood anxiety disorder [15]. Smart-
CAT2.0 consists of several interactive SkillbuilderActivities that award userswith digital
points upon completion. The points can then be used to redeem various rewards such as
pens, accessories, and certificates. Players are also rewarded with digital trophies after
finishing all the required activities for each session. Similar to SB, the game does not
support story features, and all activities are delivered in the form of session tasks.

MindLight, on the other hand, is a biofeedback-based serious game that integrates
neurofeedback reinforcement in its gameplay design to prevent anxiety in children [13].
MindLight is distinct from the SB and SmartCAT2.0 in that it comeswith a story. Players
explore the game as a character named Arty to save his grandmother from evil forces. As
the game progresses, players are exposed to various fearful events, and they will learn
to overcome their fears by changing their state of mind. The relaxation state of players
is reflected in the brightness of the game world, whereby the light gets brighter when
players are more relaxed. In MindLight, the story plays a peripheral role in the delivery
of exposure training, the main CBT strategy incorporated in the game.

3 ReWIND: CBT-Based Game for Anxiety

ReWIND is a PC-based game implemented using the Unity game engine. In ReWIND,
players play as Lucas, the main character of the game, and assist quest givers, a type
of non-playing character (NPC), in resolving their anxiety-related problems. As Lucas
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engages with each quest giver, the player is drawn into an anxiety-related sub-story
encapsulated within a quest. The linear narrative structure in each sub-story follows the
five principles in Ellis’ ABCDE model [5], a CBT model based on rational-emotive
behavior therapy (REBT) [6]. Through a series of interactive dialogs, players first learn
the quest giver’s beliefs (B) about certain activating events (A) which overly affect their
emotional and behavioral responses and subsequently lead to negative consequences (C)
(i.e., an anxiety episode). After recognizing the cause of the anxiety, players then proceed
to the disputation (D) stage, in which two appropriate CBT strategies are introduced to
help dispute irrational beliefs and substitute them with effective rational beliefs to bring
forth positive behavioral effects (E). To make gameplay more fun, CBT strategies are
implemented through gamemechanics such as itemgathering (collecting items requested
by the NPC), maze-solving (reaching the end of the maze), and interaction with NPCs.

To demonstrate how players can learn CBT strategies while playing ReWIND, we
walk through Lars’ quest in the game revolving around anxiety caused by health fear.
Players start a quest by guiding Lucas to interact with Lars, the quest giver (Fig. 1a).
At the beginning of the quest, players learn the ABC leading to Lars’ irrational beliefs
through a series of interactive dialogs (Fig. 1b and Fig. 1c). The story then transitions
into disputation as Lucas recommends the next action to seek an NPC known as Master
Yamato in Asiantown. Control transfers to Lars and players set out in search of Master
Yamato with the help of the circular compass arrow surrounding Lars and the map of
the game world (Fig. 1d).

Fig. 1. Quest initiation through interactive dialogs

Upon findingMaster Yamato, players are then guided to learn two CBT strategies: 1)
relaxation and 2) cognitive restructuring. Instead of merely explaining the CBT strate-
gies through linear dialogs, ReWIND simulates the two CBT strategies through game
mechanics. For relaxation, players are given the task of finding a waterfall spa and follow
a visual guide to taking deep breaths (Fig. 2a and Fig. 2b). Cognitive restructuring is
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implemented using a maze tower in which players are probed with questions by a Floor
Guardian related to actions to be taken in the onset of anxiety (Fig. 2c and Fig. 2d).
Players are given three different door choices to choose from (i.e., one positive, one
negative and one neutral option). Choosing the positive choice moves players up the
levels to the top of the maze tower at a quicker pace while the negative choice moves
players down to the bottom. The maze tower simulates the process of reshaping negative
or inaccurate thinking into a more positive and supportive thinking that would lead to
positive outcomes.

Fig. 2. Simulating CBT strategies through game mechanics in the disputation stage

Finally, ReWIND reinforces the CBT strategies through reflection dialogs (Fig. 3a)
and quest summaries presented at the end of a quest (Fig. 3b). The second form of
reinforcement is implemented by repeating the same CBT strategy to solve different
anxiety-related problems in other quests. The full game flow of Lars’ quest is illustrated
in Fig. 4 and each quest follows a similar structural flow. Upon completion of a quest,
Lucas once again reappears into the game world and players continue the game by
seeking the next quest. ReWIND currently contains six quests. The quests are presented
in a diegetic manner through quest giver NPCs located around the game world. Players
explore different areas in the game world and are required to complete quests to make
progress in the game.

Aside from game mechanics that implements CBT principles, additional game
mechanics are also used to make ReWIND more entertaining. For example, an incen-
tive system is introduced, whereby players can purchase character skin to change the
appearance of Lucas using tokens earned from quest completions and treasure boxes.
Players can gain a random number of tokens from treasure boxes scattered around the
game world. It is crucial to have constant engagements not just with the NPCs but also
the surroundings to keep the game alive and have players remain motivated throughout
the game, especially for long-term psychoeducation.
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Fig. 3. Reinforce learning of CBT strategies at the end of a quest

Fig. 4. Game flow of Lars’ quest in ReWIND

4 Evaluation Experiment

Twenty university students above 18 years old and identified with anxiety risk took
part in the evaluation of ReWIND. All participants were asked to play the game and
then complete a game usability questionnaire adapted from MEEGA + [11]. Measures
emphasizing story relevance and satisfaction were selected, and the questions were
reframed to fit the context of ReWIND’s story-based design. The usability evaluation
was rated on a 5-point scale ranging from 1 (strongly disagree) to 5 (strongly agree). Par-
ticipant feedback on the game was also obtained. Overall, participants enjoyed playing
ReWIND.

The percentage of user ratings for each usability measure is shown in Fig. 5. All the
participants agreed that ReWIND is applicable to real life, with 85% showing strong
agreement. On being relevant to anxiety, 95% gave it at least a score of 4, whereas 90%
reported being satisfied with the game. None of the participants rated ReWIND below
a score of 3, thus showing that the game yields satisfactory results.
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5 Conclusion and Future Work

This paper presented ReWIND, a story-based serious game designed to deliver CBT
psychoeducation targeting anxiety disorders. ReWIND offers an alternative design app-
roach to help players learn CBT strategies through storytelling, rather than following a
goal-oriented task-based approach commonly found in existing anxiety games. The game
comes with an artfully designed game world with quests scattered in different locations
for the players to explore. Each quest contains a sub-story with its narrative structure
designed following Ellis’ ABCDE model. By playing through each quest, players are
exposed to various CBT strategies that are useful for handling anxiety situations. All six
quests in ReWIND were co-designed and verified by psychology experts. ReWIND is
scalable as it can be easily extended to include many different anxiety sub-stories and
CBT strategies in the future to provide long-term psychoeducation.
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Abstract. Training of different scenarios is essential to prepare emer-
gency services for real-world situations. In this paper, we introduce a
virtual reality (VR) simulator specifically designed to enhance the train-
ing of police officers in the context of apartment search and area securing,
including the evaluation of potential threats or hazards. At this point,
multiple police officers train simultaneously by employing virtual reality
headsets and full-body suits, enabling them to see and interact with each
other’s avatars. We additionally developed a configuration tool to enable
operational trainers to easily create new buildings with custom interi-
ors. Moreover, we developed an algorithm that automatically recognizes
possible dangerous areas, especially when police officers have no cover.
In this case, a non-player character is spawned, representing either neu-
tral individuals or potential assailants, strategically placed to confront
police officers and accentuate tactical mistakes. Field tests have sub-
stantiated the efficacy of our approach, demonstrating a high F1 score of
0.93 in identifying tactical mistakes made by police officers. Furthermore,
the training outcomes have revealed that virtual training is compara-
ble to traditional training in terms of maximum recovered area. These
findings demonstrate the immense potential of VR-based simulators for
police training, as they enable the creation of various scenarios and thus
increase the number of training sessions. The simulator is particularly
attractive also due to alternate training scenarios with individual diffi-
culty levels making it suitable for students and special units.

Keywords: Civil Security · Police Training · Artificial Intelligence ·
Virtual Reality · Immersive Technology · Human-Computer
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1 Introduction

Effective training plays a crucial role in adequately preparing emergency ser-
vices for real-world situations. However, traditional training methods, particu-
larly in scenarios like house searches or hostage situations, are often expensive
and cumbersome. Traditional methods typically involve complex setups, e.g.,
they require multiple partitions to recreate buildings and (professional) actors
as role players. Due to their tedious nature, they offer only a limited number
of training opportunities. At this point, many researchers have already recog-
nized the potential of virtual reality (VR) in training police officers for critical
decision-making under high-stress conditions [3,8,11,17]. Additionally, technol-
ogy providers such as RE-liON1 and THALES2 offer virtual training solutions for
special forces, while Refense3, TriCAT4, and XVR5 enable collaborative training
between police forces, medical personnel, and firefighters.

According to Dörner et al. [5] such training and simulations offer a spe-
cific form of learning and are therefore considered as serious games. Simulation
games aim to engage learners in immersive experiences with specific educational
or training objectives. They offer opportunities for users to practice and refine
their abilities in realistic and challenging scenarios, making learning more engag-
ing and effective. In this paper, we present a VR-based training simulation to
address a vital aspect of police officer training - decision-making in the context
of securing an area. By utilizing a VR technology, the system provides a valuable
platform for tactical training in house searches, supporting ongoing police officers
and special units. Furthermore, leveraging rule-based artificial intelligence (AI),
we implemented a system that recognizes dangerous areas, particularly when
one police officer lacks sufficient cover. The simulator further features a con-
figuration tool, enabling operational trainers to quickly create various training
environments by designing interiors, placing walls, doors, and windows. More-
over, we employ a full-body motion capture suit to analyze the trainees’ posture
and determine if the cover is sufficiently provided. To evaluate the performance
of the developed VR-based simulator, supported by AI for cover detection, we
conducted field tests and compared the results with the results from the tradi-
tional training.

The remainder of the paper is organized as follows: Sect. 2 provides a concise
literature review, while Sect. 3 outlines the design of the developed simulation
for police officers. Section 4 describes the evaluation and Sect. 5 presents the
training outcomes. In Sect. 6, we discuss the results and in Sect. 7, we draw our
conclusions based on the findings.

1 RE-liON: https://re-lion.com, last accessed on May 4, 2023.
2 THALES: https://www.thalesgroup.com/en/europe/germany/defence-security-ger

many-missionenabler, last accessed on May 4, 2023.
3 Refense: https://www.refense.com, last accessed on May 4, 2023.
4 TriCAT: https://tricat.net/en/imedtasim/, last accessed on May 4, 2023.
5 XVR: https://www.xvrsim.com/en/, last accessed on May 4, 2023.

https://re-lion.com
https://www.thalesgroup.com/en/europe/germany/defence-security-germany-missionenabler
https://www.thalesgroup.com/en/europe/germany/defence-security-germany-missionenabler
https://www.refense.com
https://tricat.net/en/imedtasim/
https://www.xvrsim.com/en/
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2 Related Work

Prior research consistently confirms that simulation-based training is an effec-
tive tool for training emergency services, enabling active practice and drilling of
specific situations. For example, in recent years, various single and multiplayer
simulation and training programs have been developed for military [18] and
police forces [10]. Empirical studies have provided evidence supporting the effec-
tiveness of virtual training, establishing its comparability to traditional training
methods [2]. Nowadays, VR technology has become increasingly prevalent for
tactical training within high-stress situations [1,4]. The advantages of virtual
training have also yielded promising results in other domains, including medical
emergency training [15], (collaborative) firefighting training [6,13], or earthquake
drills [9].

Further studies has also explored methods for inducing stress within VR-
based training, thereby creating more realistic scenarios. For instance, Uhl et
al. [16] investigated the effects of multi-sensory stimuli, such as pain and heat,
to elicit more authentic threat responses in high-risk situations. Another pos-
sibility to induce higher stress is to use full-body avatars that go beyond the
conventional representation of the head and hands prevalent in many VR appli-
cations [3]. In another study, Nguyen et al. [14] explored the active intervention
of trainers in manipulating trainees’ stress level through the implementation
of diverse audio-visual stressors. Similarly, Murtinger et al. [12] proposed an
assistance system that enables trainers to dynamically adjust training protocols
based on immediate feedback from trainees’ performance, thereby tailoring the
stress level to their needs.

3 Design

In order to meet the demand for a diverse range of training scenarios, we have
created a tool that allows operational trainers to rapidly and flexibly generate
and modify virtual environments (see Sect. 3.1). Additionally, for efficient train-
ing, real-time analysis is essential. Therefore, we developed a training scenario
that utilizes AI to analyze the full-body postures of multiple police officers, iden-
tifies dangerous areas, and provides immediate visual as well as haptic feedback
(see Sect. 3.2). Moreover, we have developed an after-action review tool, enabling
collaborative analysis with the operational trainer and trainees (see Sect. 3.3).

3.1 Configuration Tool

We developed a configuration tool in close cooperation with the target group (i.e.,
the operational trainer). The configuration tool empowers users to effortlessly
create customized training environments by either modifying existing predefined
rooms or creating entirely new buildings from scratch. Afterward, the rooms can
be equipped with furniture (e.g., closets, couches, and tables) and decorative
elements (e.g., boxes and plants) from the 3D asset library. This process involves
a simple drag-and-drop interface, allowing users to position assets precisely as
desired (see Fig. 1).
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Fig. 1. Tool to configure rooms using a 3D asset library.

3.2 AI-Based Detection of Danger Areas

We have developed a VR simulation that utilizes rule-based AI to assess current
dangerous situations as police officers enter and search a virtual environment,
i.e., an apartment with multiple connected rooms. This concept was developed
and refined through an iterative process in collaboration with police operational
trainers. The primary objective is to detect dangerous areas when one of the
VR users is exposed without cover. These identified areas serve as indicators of
potential threats, thus simulating dangerous situations. To make AI decisions
comprehensible for trainers, we represent safe and unsafe areas using colored
cubes. As can be seen in Fig. 2, dangerous areas are denoted by red cubes when
there is a clear line of sight (indicated by yellow raycasts) between a cubes and at
least one VR user without cover. If this dangerous area remains unsecured for an
extended period, a non-player character (NPC) is spawned to highlight a tactical
mistake to the VR users (see Fig. 3). To avoid biases or negative associations,
we intentionally chose an NPC with a neutral appearance. Note that during the
training sessions, the status of all sub-areas is concealed, but the trainers have
the option to view this information in real-time or during debriefing.

Table 1 provides an overview of the transitions between AI areas, outlining
the necessary adjustments to ensure realistic dissemination of unsecured and
dangerous areas. In the following, we will explain the specific transitions from
unsecured to dangerous and secured areas:

Unsecured → Secured: At the beginning, all sub-areas are initialized as unse-
cured (depicted as grey cubes in Fig. 2), indicating that they have not yet been
observed by any VR users. If an unsecured area remains within a VR user’s
field of view for at least 150 ms, its status changes to secured (transparent
cubes).
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Fig. 2. AI areas with red cubes representing dangerous areas. Yellow raycasts point
out a direct sight to the VR user lacking cover. (Color figure online)

Secured → Unsecured: Areas previously secured can revert to unsecured. For
instance, if a secured area remains outside the field of view of any VR users
for a specific duration and is adjacent to an unsecured area, it reverts to an
unsecured state. This simulates the movement of a potential attacker within
the virtual environment. The velocity at which unsecured areas spread reflects
the NPC’s movement speed and can be individually adjusted to define differ-
ent difficulty levels. This adaptability ensures scalability for varying numbers
of police officers, irrespective of their training proficiency or prior experiences
with securing an area.

Fig. 3. Representation of an NPC.
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Table 1. Area transitions with individual transition periods in each case.

Transition Description

Unsecured → Secured In field of view of at least 1 user

Secured → Unsecured Next to an unsecured area and in no user’s field of view

Unsecured → Dangerous Field of view on at least one user and in no user’s field of view

Unsecured → Dangerous: Unsecured areas gradually transform into danger-
ous areas, with the cubes transitioning linearly from grey to red, when they
are not in the field of view of any VR users and have a direct line of sight to
one of the VR users. In other words, the areas become dangerous when a VR
user lacks sufficient cover. Dangerous areas can also spread, simulating the
NPC’s movements, who can spot a police officer and can potentially initiate
an attack. The adjustable duration permits customization of how quickly a
tactical error, such as insufficient cover, should be penalized. If a dangerous
area remains unseen by all VR users at the end of the specified duration, an
NPC is spawned and the training is terminated. Alternatively, the training
concludes once all sub-areas have been secured.

3.3 After-Action Review

As already suggested by Zechner et al. [17], the inclusion of visual debriefing in
the training sessions is crucial for providing feedback that may not be monitored
and reviewed easily during the training itself. Therefore, we implemented the VR-
based simulation in a manner that allows us to capture the full-body movements
of all VR users, as well as AI decisions made during the training. These data
can be utilized for comprehensive post-training review, including features such
as skip or rewind functionality. With this tool, the animated motion capture
data of all VR users can be examined from both a top-down or a first-person
perspective.

3.4 Software and Hardware

The simulation was developed using the CryEngine6 game engine. To facilitate
multiplayer functionality, we employed two HTC Vive Pro Eye7 headsets and
four base stations to ensure coverage of an area measuring approximately 7 ×
10 m. Each VR user was furthermore equipped with two HTC Vive controllers
and wore the Teslasuit8, a full-body motion capture suit. These hardware compo-
nents were integrated to provide a comprehensive and immersive training expe-
rience for the police officers.
6 CryEngine: https://www.cryengine.com, last accessed on April 3, 2023.
7 HTC Vive Pro Eye: https://www.vive.com/us/product/vive-pro-eye/overview/, last

accessed on April 3, 2023.
8 Teslasuit: https://teslasuit.io, last accessed on April 3, 2023.

https://www.cryengine.com
https://www.vive.com/us/product/vive-pro-eye/overview/
https://teslasuit.io
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4 Evaluation

We conducted a user experiment to validate the accuracy of the AI model in
identifying dangerous areas and, in particular, tactical errors made by police
officers. The experiment also aimed to compare the results of VR-based training
with traditional training.

4.1 Training Scenario

For both conditions, traditional and VR-based training, we created an equivalent
apartment (see Fig. 4). In traditional training, the apartment was constructed
using room dividers or partitions. In VR-based training, we used the configura-
tion tool described in Sect. 3.1 to recreate the same apartment.

4.2 Participants

We conducted a user study with the target group, i.e., police officers. We catego-
rized them as beginners, intermediate, or advanced, based on their training dura-
tion. Beginners included ongoing police officers in the first and third semesters,
intermediates were ongoing police officers in the fourth and sixth semesters,
and advanced participants were special units involved in securing evidence and
making arrests.

To determine the required sample size, we conducted an a priori power anal-
ysis using G*Power [7] with a 1-β error probability of 95, an alpha error prob-
ability of .05, a large effect size of .8, and three groups. This analysis indicated
a minimum sample size of 30 participants. Therefore, we aimed to have at least
ten pairs for each group (i.e., beginner, intermediate, and advanced). In total,
we recruited 33 pairs for traditional training: 10 beginners, 13 intermediate, and
10 advanced pairs. Additionally, we recruited another 39 pairs for VR training:
9 beginners, 18 intermediate, and 12 advanced pairs. The detailed participant
numbers are further provided in Table 2.

Fig. 4. Training scenario used for the traditional training (left) and VR-based training
(right).
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Table 2. The total number of pairs participating in the study.

Traditional Virtual

Beginners 10 9

Intermediate 13 18

Advanced 10 12

Total 33 39

4.3 Procedure

At the beginning of the evaluation, we informed all participants about the specific
purpose of the study and assured them that all collected data are confidential
and anonymized. The participants were informed about the associated risks and
their right to withdraw from the experiment without specifying a reason. In
both, traditional and VR-based training conditions, two participants searched
an apartment together, which was not disclosed beforehand.

Traditional Training. During traditional training, an operational trainer
observed participants to identify tactical errors. The training sessions were also
recorded by a 2D camera, allowing the operational trainer to rewind the video
later and make assessments for evaluation purposes. The training session ended
either when one of the participants made a tactical mistake or when the entire
apartment was thoroughly searched. Subsequently, the recorded footage was fur-
ther utilized to determine the percentage of the secured area.

Virtual Training. For virtual training, participants had to put on the Teslasuit
and HTC Vive Pro Eye Head Mounted Display. Next, the VR room and virtual
avatars for both users were calibrated. Afterward, the participants searched an
apartment without instructions from the trainer. During the training, the system
analyzed the actions of both VR users to identify dangerous areas in real-time.
In case one of the police officers made a mistake, an NPC was spawned at the
corresponding area, accompanied by a sound effect. In the other case, when
the entire apartment was searched without any tactical mistakes, another sound
effect signaled the end of the training.

During the evaluation, we logged the training time, total secured area, and
maximum secured area in percentage. Motion capture data for both users, as
well as AI decisions, were also captured for subsequent after-action reviews of
the training sessions. On the one side, the reviews served as debriefing sessions
where the trainees themselves recapped the training results. On the other side,
reviews were used to assess the performance of the AI model. Towards this end,
the police operational trainer viewed the replay data of training sessions and
evaluated if (1) the system correctly detected all dangerous areas and (2) the
identified tactical errors were appropriate and accurate.
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4.4 Measures

The main objective of the study was to evaluate if the AI correctly identifies all
dangerous areas and, if so, if they are appropriate and reasonable. Additionally,
we aimed to evaluate if police officers train differently in VR compared to tra-
ditional training. Therefore, we logged the time needed to enter and search an
object (in seconds) as well as the total and maximum secured area (in percent-
age).

5 Results

In the following, we present and discuss the results for AI performance (see
Sect. 5.1) and training outcomes (see Sect. 5.2).

5.1 AI Performance

The AI’s success rate in identifying dangerous areas was evaluated by reporting
the F1 score, which combines precision and recall. The results show that out of
39 trials, the AI correctly identified dangerous areas in 34 cases, with no false
negatives. This results in a high F1 score of 0.93 (precision = 0.87 and recall
= 1.0), indicating a high level of accuracy in AI decision-making.

5.2 Training Outcomes

Figure 5 depicts the proportion of the secured areas for individual groups, during
traditional and VR training, at the time the training terminated. As expected,
participants with more training experiences discovered a larger area in both
conditions. However, there is a wide interquartile range among intermediate and
advanced police officers, suggesting variation in proficiency levels. In particular,
some participants from the special unit involved in securing evidence and making
arrests were relatively new to the task and, thus, still at the undergraduate level.

We first analyzed statistical significance and effect sizes to evaluate if there
are any significant differences among groups. As the data does not follow a nor-
mal distribution, we applied the Kruskal-Wallis test and additionally conducted
Mann-Whitney U-test as a post-hoc test for pairwise multiple comparisons. The
Kruskal-Wallis Test for traditional training revealed that there is a significant
differences among groups (χ2(2) = 10.98, p < .05). In particularly, the post-hoc
test shows a significant difference between beginner and advanced participants
(p < .001, with a large effect size: Cohen’s d = −1.79). Similarly, for VR training,
there are significant differences among groups (χ2(2) = 7.48, p = .02). Post-hoc
tests show a significant difference between beginners and advanced participants
(p = .03, with a large effect size: Cohen’s d = −1.67) as well as intermediate and
advanced participants (p = .02, with a large effect size: Cohen’s d = −1.16)

Moreover, we examined if there are significant differences between both con-
ditions, i.e., traditional vs. virtual training. Again, as the data does not follow a
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Fig. 5. Total secured area in percentage for individual groups.

normal distribution, we conducted Mann-Whitney U-test. The results show, that
there are no significant differences between the two training methods (Z = 1.85,
p = 0.06). Hence, we found no sufficient evidence to conclude that there is a
significant difference between the groups based on the data analyzed.

6 Discussion

6.1 AI Decisions

In discussions with the operational trainer, we intended to gain a comprehensive
understanding of the occurrence of false positives in our AI algorithm, causing
to identify tactical errors without them being actual mistakes. We discovered
that these false positives mainly resulted from raycasts hitting only a small
area on a trainee’s body, leading the AI to classify even minor errors as seri-
ous violations of coverage. This finding indicates that the current AI system
might be overly strict in its assessment of tactical errors. To enhance the algo-
rithm’s performance, we propose several potential adjustments. One approach
involves considering multiple unsecured body parts or a specific percentage of
the body area as prerequisites before classifying it as an actual error in cover-
age. By implementing these adjustments, the AI would become more precise in
identifying tactical errors. Additionally, we explored the possibility of requiring
a dangerous area to have a specific volume, represented by multiple connected
cubes, before spawning a NPC. This method could lead to more accurate assess-
ments of high-risk situations, ensuring that the AI simulates potential danger
with greater accuracy. Through these discussions and insights, we aim to refine
the AI algorithm to strike a balance between being adequately strict to detect
real errors and avoiding false positives to provide a more effective training expe-
rience for police officers. Further evaluation and testing will be conducted to
validate the impact of these adjustments on the AI’s performance.
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6.2 Training Outcomes

The results of our study indicate that both traditional training and VR training
lead to comparable training outcomes, with beginners securing a relatively small
area and advanced police officers securing a larger area. These findings align with
our expectations that more experienced participants would perform better in
terms of securing the area. However, while the outcomes are similar, VR training
offers significant advantages over traditional methods. One key advantage is the
ease of creating and customizing training scenarios using the configuration tool.
This flexibility allows for a wide range of training scenarios to be developed and
shared among trainees, enriching the training experience and promoting skill
development in diverse situations. In contrast, traditional methods may require
physically rearranging training spaces, which can be time-consuming and less
adaptable.

Moreover, VR training with AI analysis provides a unique advantage in terms
of providing feedback and identifying tactical mistakes. In traditional training, a
trainer needs to actively observe and point out errors made by the participants.
While operational trainers remain essential in providing overall guidance, the
AI within VR-based training automatically analyzes the trainees’ movements in
real time and promptly identifies tactical errors. This reduces the reliance on
a trainer and ensures immediate feedback during the training session, allowing
ongoing police officers to engage in more frequent and efficient training. However,
it is important to emphasize that operational trainers remain indispensable in
the training process. Their expertise, guidance, and real-time feedback play a
crucial role in enhancing the training effectiveness and ensuring that trainees
develop the necessary skills to handle real-world situations.

Considering these advantages, VR training emerges as a highly advantageous
and efficient complement to traditional training methods. It not only offers
enhanced flexibility in scenario creation but also provides valuable real-time
feedback using AI, supplementing the essential role of operational trainers in
optimizing training outcomes.

7 Conclusion

In this paper, we presented an AI-supported simulation for police officers,
enabling the detection of dangerous areas when at least one police officer lacks
cover. Thereby, the simulation involves NPCs and an acoustic signal to draw
attention to tactical errors. The AI decisions can be observed by the operational
trainer and trainees during or after the training sessions, providing valuable
insights into tactical errors. The results of the field test in comparison with
traditional training indicated that such a VR-based simulation training can be
an efficient method for practicing apartment searches individually or in pairs.
The configuration tool furthermore enables to easily create new environments,
unknown to the trainees, which are otherwise not easily achieved with traditional
methods using partitions to recreate buildings.
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Abstract. The sense of presence, characterized by the feeling of “being
there,” plays a crucial role in virtual reality (VR) to enhance involve-
ment and engagement. While previous studies have examined the effects
of sound or music on presence by manipulating auditory cues, little
research has explored the effects of personalized music within virtual
environments. Therefore, in this paper, we investigate the influence of
personalized music on the sense of presence, motivation, player perfor-
mance, time perception, and cybersickness. In a within-subjects design,
21 participants engaged in a VR strategy game under three randomized
conditions: hearing (1) sound effects only without background music, (2)
the original game music, and (3) personalized music, individually chosen
by each participant. The results reveal that personalized music signifi-
cantly contributes to a higher sense of presence compared to the condition
with sound effects only, however with no significant difference between
both music conditions. The results further show that participants are sig-
nificantly more motivated when exposed to personalized music compared
to the original game music. These findings provide valuable insights into
how personalized music, synchronized with the gameplay elements, can
enhance the sense of presence, motivation, and overall player experience
within VR environments. Further investigations are necessary to examine
the specific effects of personalized music within different VR games.

Keywords: Virtual Reality · Personalized Music · Presence ·
Motivation · Time Perception · Performance

1 Introduction

According to Slater and Wilbur [22], the sense of presence refers to the subjec-
tive feeling of “being in the virtual environment.” Recent studies have shown
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that the addition of auditory cues and appropriate music choices within virtual
environments can enhance the sense of presence and evoke emotional responses
in players [6,9,11,13,18,28], although there is some contradictory evidence indi-
cating that music may not have significant effects in VR games [16]. However,
the studies are hardly comparable, due to variations in technologies used (from
non-immersive setups to fully-immersive VR) and the inclusion of sound effects
through loudspeakers or (noise-canceling) headphones. Furthermore, most stud-
ies have focused on manipulating auditory cues to evaluate the presence, while
the significance of personalized music in VR remains insufficiently explored.

Therefore, it remains unclear to what extent the sense of presence increases
when players are familiar with and enjoy the music used in the game, and whether
increased presence leads to improved performance and game experience. Previ-
ous research, such as the work of Sanders and Cairns [18], suggests that selecting
subjectively appropriate music enhances immersion. However, their study did not
involve personalized music individually chosen by the participants, but instead
used generally liked by the participants, leaving open questions regarding how
players’ music preferences may impact their performance. This also raises the
question whether the results of Rogers et al. [16] might differ considering per-
sonalized music, and whether personalized music further influences the game
experience. In this regard, previous works have proposed music generators that
dynamically generate music or adapt music to the game’s narrative, aiming to
improve player experience [14,20].

Therefore, in this study, we intend to investigate the effects of personalized
music on the sense of presence and overall player experience in a story-based VR
strategy game called beVaiR [15]. The game consists of three distinct fractions,
each embodying its own thematic essence. The primary objective of the game
revolves around unraveling the narrative by expanding the network. This entails
employing weapons to gather energy in the form of transmitters, converting it,
and firing it at other nodes to overload them with the players’ transmitters. While
the game incorporates its own music with sound effects, it also allows players
to load their personalized playlists. Notably, the game adapts the frequency at
which transmitters spawn based on the beats in the music.

The remainder of the paper is organized as follows. In Sect. 2, we present
a literature review and in Sect. 3, we introduce the study design and present
outcomes in Sect. 4. In Sect. 5, we discuss the results and conclude in Sect. 6.

2 Related Work

2.1 Effects of Auditory Cues on the Sense of Presence, Player
Experience, and Performance

Prior research has extensively examined the role of auditory cues in virtual
environments. For instance, Hendrix and Barfield [6] demonstrated that auditory
cues contribute to a higher sense of presence, while the perceived realism of the
virtual environment is primarily influenced by visual cues. Similarly, Larsson et
al. [11] found that the absence of sound leads to a reduced sense of presence, with
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no significant difference between matched and mismatched audio-visual cues.
Kern and Ellermeier [9] revealed that a soundscape positively affects presence,
while step sounds had only minimal impact due to asynchronous step recognition
using integrated sensors of a head-mounted display.

The results of the study by Wongutai et al. [28] indicate that adding sound to
a VR exergame significantly improves the player’s motivation and performance.
Von Georgi et al. [25] focused on analyzing the effect of music on anxiety and
aggression behavior in a first-person shooter game. Their results indicate that
aggressive music does not amplify anxiety or anger and also does not affect
players’ performance (deaths, kills).

Researchers have also explored the influence of music on time perception, a
core factor of player experience. Sanders and Cairns [18] found that music can
indeed alter time perception, but only when participants were aware that they
need to make a time estimate before the experiment. In a later study by Rogers
et al. [16], similar experiments were conducted using immersive technology (i.e.,
a new generation Head Mounted Display). The researchers concluded that par-
ticipants perceived time to pass significantly quicker in the VR game when music
was present, although no significant differences were found in player experience
or immersion.

2.2 Measuring Methods for the Sense of Presence and Player
Experience

Questionnaires and self-report ratings are commonly employed approaches for
measuring the sense of presence [3]. Hendrix and Barfield [6] utilized in their
study a five-item questionnaire to assess presence and spatialized sound realism.
Witmer and Singer [27] identified various factors underlying presence and sub-
sequently developed the Presence Questionnaire (PQ), consisting of 32 items.
Another common scale was introduced by Schubert et al. [19]. The Schubert’s
Igroup Presence Questionnaire (IPQ) includes 14 items and measures spatial
presence, involvement, and realness of the simulated experience. A further pop-
ular scale was developed by Slater et al. [21], generating a single score to convey
the sense of presence.

Similarly, to assess game experience, also several questionnaires have been
presented in recent years. The Game Experience Questionnaire(GEQ) [7] is still
one of the most used ones, although it has faced some criticism [12]. Furthermore,
Vanden Abeele et al. [24] presented the Player Experience Inventory (PXI),
consisting of 57 items grouped into 11 subscales. Another questionnaire presented
by Jennett et al. [8] further focus more on evaluating the immersive experience
in games.

In addition to questionnaires, physiological data can be utilized to evaluate
the game experience. Drachen et al. [4] demonstrated the feasibility of using
heart rate and electrodermal activity as measures of game experience, which
correlated with the self reports from players. In the study conducted by von
Georgi [25], evaluating the effects of music on player performance, the researchers
also analyzed the heart rate, but found no significant differences or correlations.
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3 Study Design

3.1 Conditions

The main objective of this study is to evaluate the impact of personalized music
on the sense of presence, player experience, performance, and motivation. To
accomplish this, we utilized a within-subjects design comprising three condi-
tions: (1) sound effects only, (2) original game music, and (3) personalized music,
individually chosen by each participant. Note that both conditions with music
include sound effects. For the experiment, we chose the story-based VR strategy
game beVaiR (see Fig. 1), as it enables the integration of personalized music.

In the first condition, we removed the background game music so that par-
ticipants were exposed solely to sound effects when performing actions such as
recharging weapons and collecting nodes. It is important to note that we did
not intend to investigate the effects of a complete absence of sound or music, as
this has been extensively explored in previous studies (see Sect. 2). In the second
condition, participants experienced the game with its original music, which was
particularly designed to align with the gameplay mechanics. In the third condi-
tion, participants were exposed to personalized music, where they were asked to
bring their own playlist of .mp3 files to the evaluation meeting. The principal
investigator then selected songs from the provided playlists to approximate a
total duration of eight minutes. It is essential to highlight that this condition
differs from those used in previous studies such as [16,18], where participants
were exposed to generally liked music without personalization.

3.2 Participants

To determine the required sample size for our study, we conducted an a priori
power analysis using G*Power [5] with 1-β error probability of .8, alpha error

Fig. 1. The enhancer game mechanic allows players to collect energy, convert it, and
shoot it at the nodes [23].
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probability of .05, effect size (f) of .4, and number of measurements as 3, corre-
sponding to the three conditions in our study. This resulted in a minimal sample
size of 24 participants in order to achieve adequate statistical power.

3.3 Measures

In order to assess various aspects of participants’ experience, we utilized well-
established questionnaires from previous research.

Sense of Presence: To assess participants’ sense of presence within VR, we
employed the first item from Hendrix and Barfield’s study [6]:

– If your level of presence in the real world is “100,” and your level of presence
is “1” if you have no presence, rate your level of presence in this virtual world.

Involvement: Additionally, to evaluate the effects of auditory cues we used
items 6, 15, and 16 from the PQ developed by Witmer and Singer [27]. These
three items were also identified in [26] to influence involvement:

– How much did the auditory aspects of the environment involve you?
– How well could you identify sounds?
– How well could you localize sounds?

All three items were assessed on a seven-point scale, ranging from 1 (not at all)
to 7 (completely).

Time Perception: In addition to assessing presence and involvement, we mea-
sured time perception using one item adapted from Jennett et al.’s study [8]:

– To me it felt like only a very short amount of time had passed.

This item was also rated on a seven-point scale, from 1 (not at all) to 7 (com-
pletely). Additionally, we included an open-ended item for participants to esti-
mate the time they spent playing the game in minutes.

Game Experience: To evaluate the overall game experience, we employed
the In-Game Experience Questionnaire (iGEQ) [7], which consists of 14 items,
all assessed on a five-point scale, ranging from 0 (not at all) to 4 (extremely).
Subsequently, average scores for each component (competence, sensory and imag-
inative immersion, flow, tension, challenge, negative affect, and positive affect)
were computed.
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Motivation: To assess participants’ motivation while playing the game, we took
two items derived from the immersion questionnaire used in the experiment by
Jennett et al. [8]:

– To what extent did you feel motivated while playing?
– Would you like to play the game again?

Both items were rated on a five-point scale, ranging from 1 (not at all) to 5 (very
much).

Cybersickness: To assess cybersickness symptoms, we employed the VRSQ
developed by Kim et al. [10], specifically designed to measure symptoms related
to general discomfort and other adverse effects experienced in VR environments.

Player Performance: Moreover, to evaluate the player performance, we
recorded in-game statistics, specifically the percentage of game domination
achieved by each participant’s fraction.

Heart Rate: Building upon research by Drachen et al. [4], we incorporated
heart rate measurements to examine the effects of music on the game experience.
To facilitate analysis, we normalized the physiological features relative to the
baseline values recorded before the experiment by dividing the average values of
the play session by the average baseline value.

3.4 Procedure

At the beginning of the evaluation, we informed all participants about the specific
purpose of the study and assured them that any collected data would be treated
confidentially and used in anonymized form. The participants were also informed
about the potential risks involved and were given the freedom to discontinue their
participation at any time without providing a reason.

Once the participants read and signed the consent form, they proceeded to
complete a demographic questionnaire. Prior to donning the HTC Vive Pro Eye
Head Mounted Display and the external noise-canceling headphone (Bose QC
35 II), the participants put on the Polar H10 Heart Rate Sensor. The purpose of
this sensor was to establish a baseline measurement of their heart rate. During
this measurement, participants remained seated in a chair for three minutes.

Following the heart rate baseline measurement, participants played through
the tutorial, to familiarize themselves with the game mechanics and controls. In
accordance with the findings by the researchers in [18], who observed significant
results for time perception only when participants were explicitly instructed to
make a time estimate, we took a similar approach in our study. Therefore, we
informed all participants that they would be required to make a time estimate
after each game session. Next, they played three round of the VR game for
approx. eight minutes, with the condition (sound effects only, game music, or
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personalized music) randomly assigned to each participant. After completing
each condition, participants were asked to once again fill out the questionnaires
described in Sect. 3.3.

4 Results

4.1 Data Analysis Approach

According to the Kolmogorov-Smirnov test, the data do not consistently follow
a normal distribution. Therefore, we use Friedman’s test to evaluate the sta-
tistical significance among the conditions. In addition, we utilize the Wilcoxon
signed rank test to investigate significant differences between conditions. Fur-
thermore, we calculate the effect size using Hedges’ g, taking the sample size
into account [17], with a value of 0.2 representing a small, 0.5 a medium, and
0.8 a large effect size [2].

4.2 Participant Information

In accordance with our target of at least 24 participants (as stated in Sect. 3.2),
we initially invited 26 participants. However, five participants did not attend,
resulting in a final sample size of 21 university students (7 female, 14 male) with
an age range between 21 and 31 years (mean age = 24.48 ± 2.27).

4.3 Analysis Results

Sense of Presence: Friedman’s test discloses a statistically significant dif-
ference for the overall sense of presence (χ2(2) = 12.67, p < .01). Post hoc
pairwise comparisons reveal that the sound effects only condition shows signifi-
cant different ratings of presence compared to the game music and personalized
music conditions (p = .01, Hedge’s g = −68 for sound effects only vs. game
music and p < .01, Hedge’s g = −.91 for sound effects only vs. personalized
music). Figure 2a presents the rating of presence, showing the lowest ratings in
the sound effects only condition (Mdn = 50.0, IQR = 30.0), higher ratings in
the game music condition (Mdn = 65.0, IQR = 23.75), and the highest ratings
in the personalized music condition (Mdn = 75.0, IQR = 30.0).

Involvement: Friedman’s test also shows a statistically significant difference in
the explicit effects of sound on the involvement (χ2(2) = 6.56, p = .04). Pairwise
comparison reveals a significant difference between the sound effects only and
personalized music conditions (p = .04, Hedge’s g = −.6). As depicted in Fig. 2b,
the effect of sound on involvement is comperable between the sound effects only
(Mdn = 4.67, IQR = 2.3) and game music conditions (Mdn = 4.67, IQR = 1.1),
while the involvement in the personalized music condition is higher (Mdn = 5.3,
IQR = 2.17).
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Fig. 2. Ratings on sense of presence and involvement. Overall presence (left) was
assessed using a single item adapted from Hendrix and Barfield’s study [6]. Involvement
(right) was obtained using items from the study by Witmer and Singer [27]. Statistical
significance is denoted by an asterisk (*) and indicates a significant difference between
two conditions (p < 0.05).

Time Perception: Friedman’s test shows no significant differences in time
perception (χ2(2) = 2.49, p = .29). As detailed in Fig. 3a, the participants
generally rated the amount of time that had passed as low for the sound effects
only condition (Mdn = 4.0, IQR = 3.0) and slightly higher for the game music
condition (Mdn = 5, IQR = 2.0) as well as the personalized music condition

Fig. 3. Participants’ ratings on time perception (left) based on a single item from
Jennett et al. [8]. Time estimation (right) was evaluated by calculating the difference
from ground truth.
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(Mdn = 5, IQR = 3.25). Furthermore, we identified a weak correlation between
time perception and presence (Spearman’s ρ = .33, p < 0.01) and a moderate
correlation between time perception and involvement (Spearman’s ρ = .44, p <
0.001).

Similarly, for time estimation, no significant differences were found between
the actual and estimated time durations. However, as depicted in Fig. 3b, par-
ticipants tended to overestimate the duration for the game music condition and
underestimate it for the personalized music condition, while estimates were closer
to the actual duration for the sound effects only condition. Furthermore, we
identified a weak negative correlation between time estimation and involvement
(Spearman’s ρ = −.25, p = 0.04).

Game Experience: The results regarding game experience are presented in
Fig. 4 and Table 1.

Friedman’s test reveals significant differences among conditions for compe-
tence (χ2(2) = 6.65, p = .04). A pairwise comparison indicates a significant
difference between the sound effects only and personalized music conditions
(p < .01, Hedge’s g = −.91). As for immersion, the Friedman’s test shows
no significant differences (χ2(2) = 4.16, p = .13).

For the flow experience, only personalized music contributed to high scores.
Friedman’s test also indicates significant differences among conditions (χ2(2) =
7.86, p = .02). A pairwise comparison shows a significant difference between
the sound effects only and personalized music conditions (p = .01, Hedge’s g =
−.64). Tension scores are generally low, while challenge scores are generally
high, however, without significant differences across conditions (χ2(2) = 4.88,
p = .09 for tension and χ2(2) = 2.26, p = .32 for challenge).

Moreover, scores for negative affect are low for all conditions, yet Friedman’s
test shows significant differences (χ2(2) = 8.72, p = .01). Post-hoc tests reveal
significant differences between the sound effects only condition and both music
conditions (p = .03, Hedge’s g = .50 for sound effects only vs. game music
and p < .01, Hedge’s g = .80 for sound effects only vs. personalized music). In
contrast, scores for positive affect are high for both music conditions. Friedman’s
test indicates significant differences among conditions (χ2(2) = 7.51, p = .02),
while the post-hoc test reveals a significant difference between the sound effects
only and personalized music conditions (p < .01, Hedge’s g = −.86).

Motivation: Friedman’s test reveals a statistically significant difference for
motivation (χ2(2) = 20.58, p < .001). Pairwise comparisons indicate significant
differences between the sound effects only and game music conditions (p < .01,
Hedge’s g = −.81) and between the sound effects only and personalized music
conditions (p < .001, Hedge’s g = −1.14). Moreover, a post-hoc test also shows
significant differences between both music conditions (p = .03, Hedge’s g =
−.44). Figure 5 depicts that participants reported high motivation when exposed
to personalized music (Mdn = 3.5, IQR = .63) or game music (Mdn = 3.0,
IQR = 1.0), whereas the sound effects only condition resulted in lower motivation
values (Mdn = 2.5, IQR = 1.75).
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Fig. 4. Results of the iGEQ [7]. All components were rated on a five-point scale, ranging
from 0 (not at all) to 4 (extremely). The asterisk (*) indicates a statistical significance
between two conditions (p < 0.05).
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Table 1. Results from the iGEQ [7]. First value specifies median and the second value
interquartile range.

Component Sound Effects Only Game Music Personalized Music

Competence 2.0 (2.0) 3.0 (1.25) 3.0 (0.63)

Immersion 2.0 (1.5) 2.0 (1.0) 2.0 (1.0)

Flow 2.0 (2.5) 2.5 (1.38) 3.0 (1.63)

Tension 1.0 (2.13) 1.0 (1.5) .5 (1.0)

Challenge 3.0 (1.13) 3.0 (1.25) 3.0 (1.25)

Negative Affect 1.0 (2.13) 1.0 (1.5) .0 (0.63)

Positive Affect 2.5 (1.13) 3.0 (1.13) 3.0 (1.13)

Cybersickness: Total cybersickness scores are generally low for the sound
effects only and personalized music conditions, with slightly higher scores for the
game music condition (see Table 2). There are no significant differences among
the three conditions (χ2(2) = 4.16, p = .13).

Fig. 5. Participant’s rating for motivation [0–4] using items from [8]. The asterisk
indicates a statistical significance between two conditions (* for p < 0.05, ** for p <
0.001).

Table 2. Results from the VRSQ from [10]. First value specifies mean and the second
value standard deviation.

Component Sound Effects Only Game Music Personalized Music

Oculomotor 9.52 (11.57) 12.30 (15.94) 9.52 (13.25)

Disorientation 4.76 (5.63) 6.67 (6.67) 6.03 (9.41)

Total 7.14 (7.51) 9.48 (9.91) 7.78 (10.4)
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Fig. 6. Participant’s performance in terms of dominant time.

Player Performance: Results of the analysis for player performance (see
Fig. 6) do not reveal significant differences across conditions (χ2(2) = 3.06,
p = .22). However, we found a weak positive correlation between involvement
and performance (Spearman’s ρ = .29, p = .02).

Heart Rate: We did not find any correlations or significant differences in
baseline-adjusted heart rate data. These findings suggest that the effects of sound
on physiological responses may not be substantial in our specific experimental
setup.

5 Discussion

The present study investigated the impact of personalized music on the sense
of presence, player experience, motivation, and performance in a story-based
VR strategy game. The results provide valuable insights into the role of music
in enhancing the game experience. Particularly, our findings shed light on how
personalized music positively influences motivation in the VR context.

Our study aligns with previous research investigating the effects of sound
effects and music on players’ sense of presence in games. Hence, similar to the
related work, we conclude that players feel significantly more present in VR when
they hear the music compared to hearing only sound effects. However, in contrast
to related work, our research go beyond only investigating the importance of
music within games. In our study, we furthermore corroborate the importance of
personalised music. We found that personalized music contributes to the highest
sense of presence and involvement, although we found not significant differences
compared to the original game music. More importantly, we identified significant
differences for motivation between both music conditions. These results suggest
that in particular the personalized music enhances participants’ motivation to
engage in the game. All together, the results indicate that the music tailored
to the players more likely contributes to a higher presence and involvement and
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particularly significantly increases the motivation. Furthermore, the effect sizes
indicate moderate to large effects, indicating the practical significance of these
findings.

In terms of time perception, we did not find any significant differences among
the conditions. Participants generally rated the time elapse similarly across all
conditions, with a slight tendency to overestimate time duration for the game
music condition and underestimate it for the personalized music condition. These
results suggest that the presence or absence of music does not strongly influence
participants’ perception of time in the VR game. However, it is worth noting
the weak positive correlation between time perception and both overall presence
and involvement, indicating a potential relationship between these factors.

Regarding the game experience, participants rated significantly higher scores,
especially for competence and flow in the personalized music conditions com-
pared to the sound effects only condition, but not for the game’s original music.
This suggests that personalized music has a positive impact on the participants’
competence and flow experience during gameplay. However, the levels of immer-
sion and challenge across the three conditions were similar, indicating that the
inclusion of music did not significantly affect participants’ subjective immersion
or challenge in the game. Furthermore, regarding player performance, we found
no significant difference among conditions; however, we found a weak correla-
tion between involvement and performance. These results indicate that when
participants feel more involved in the game, they are more likely to perform
better.

Our study’s results have several implications for the design and development
of VR games. We believe that our results on the impact of personalized music can
help other researchers and game developers to create more engaging and immer-
sive experiences for players by providing options for players to integrate their
preferred music into the game, especially in order to foster a stronger motivation.
However, it is essential to acknowledge that our study focused on a specific story-
based VR strategy game, beVaiR. While the findings provide valuable insights
into the role of personalized music in this context, the generalization to other VR
games requires caution. For instance, in rhythm-based games like Beat Saber [1],
the integration of personalized music might potentially influence motivation and
enjoyment differently than in a strategy game. The effects of music may vary
based on game genre, gameplay mechanics, and player preferences. Therefore,
further research is needed to explore the effects of personalized music in diverse
VR game genres to identify any genre-specific patterns.

5.1 Potential Limitations

Another important aspect that needs to be discussed is that the adaptive nature
of the game, based on the music’s beats, introduces an interesting variable that
can potentially impact the game experience. Therefore, there are a few potential
limitation that need to be considered:

1. Difficulty Discrepancies: Depending on the intensity of the music’s beats, the
game difficulty level might cause fluctuations. For example, fast and more
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intense music results in increased transmitter spawning, which might over-
strain the players. Conversely, slower or less intense music could lead to a
decrease in transmitter frequency, potentially causing boredom in the partic-
ipants. Looking at the results of tension or challenge components from iGEQ
(see Fig. 4e), we found no significant changes among groups. These results
suggest that the presence or absence of music did not notably influence the
perceived difficulty or tension experienced by participants. Moreover, high
values for the competence and flow in the personalized music condition imply
that participants felt neither overwhelmed nor under challenged.

2. Inconsistent Adaptation: The responsiveness of the game’s adaptive system
to the music’s beats might not always be accurate, e.g., causing delays in
transmitter spawning frequency. Thus, depending on the chosen music, the
flow of gameplay could be potentially disrupted, causing a decrease in overall
presence and player motivation. However, our results show that the sense of
presence during the personalized music condition is higher compared to the
other two conditions. Similarly, also the motivation while hearing the per-
sonalized music significantly increases compared to the original game music,
indicating that the adaption system of the game works well and contributes
to higher presence and motivation.

3. Distraction: The results suggest that while personalized music within this
study increases the sense of presence, it could nevertheless become a source
of distraction if it demands excessive attention from players. Intense or com-
plex music might divert players’ focus away from gameplay elements, leading
to decreased performance. However, as our results show that the player per-
formance (see Fig. 6) is indeed similar for all three conditions, but with the
smallest interquartile ranges for the personalized music condition, we can
conclude that the personalized music also contributes to better overall per-
formance, albeit not significantly.

Another potential limitation of our study is the limited number of partici-
pants (24 participants), resulting in reduced statistical power. Consequently, we
calculated effect sizes to provide additional information about the magnitude of
the observed effects. Nevertheless, future investigations should prioritize larger
sample sizes to increase statistical power. Moreover, a larger participant pool is
also required to generalize the findings to the larger population.

6 Conclusion

In this study, we investigated the impact of personalized music on the game expe-
rience in VR. The study results highlight significant differences and correlations
across different conditions and components, providing valuable insights for game
developers aiming to create more immersive and engaging experiences. Overall,
the inclusion of music in the game, regardless of its source, contributes to a
higher sense of presence. More importantly, as we identified a significant differ-
ence between both music conditions for motivation, we conclude that especially
personalized music enhances participants’ motivation to engage in the game. We
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hope that our results will encourage game designers, developers, and researchers
in the future to provide options for players to integrate their preferred music
into the games. However, our study focused on a specific story-based VR strat-
egy game and therefore further research is necessary to explore the effects of
personalized music in various VR game genres to deepen the understanding of
how personalized music can enhance the overall game experience.
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Abstract. This work-in-progress paper presents Synaesthesia Gallery AR: Jour-
ney Through the Senses, an educational game-like experience designed to bring
awareness of synaesthesia, to learn and understand creativity of cross-modal per-
ception. Synaesthesia is a perceptual trait characterised by cross-modal wiring
of the brain experienced by a 4–6% of the population. Synaesthesia research has
a long history (as far back as 1690), and sometimes synaesthesia was confused
for hallucinations. The AR app documents creative synaesthesia experiences of
individuals who have contributed significantly to synaesthesia research, including
international artists, such as Carol Steen (president of USA Synaesthesia Associ-
ation), and scientists, such as Jamie Ward (Professor at the University of Sussex,
UK). Ramachandran and Hubbard have called synaesthesia “a window into per-
ception, thought and language” that can help explain how the brain works. The app
experience takes a form of an interactive digital gallery for the outdoors, a loca-
tive Augmented Reality (AR) art gallery with music by Liszt, Chopin, Schuman,
Scriabin and others painted by artists-synaesthetes and music composed on art.
The work is the result of a seven-year collaboration between artists-synaesthetes
and pianist/researcher Dr Svetlana Rudenko. The app provides pleasing aesthetic
experience aswell as learning, to general population, neuroscience and psychology
students, synaesthesia associations and music art lovers.

Keywords: Augmented Reality · Synaesthesia ·Music and Art · Creativity ·
Games for Learning

1 Introduction

About 4–6% of the population [1] experience synaesthesia, a perceptual trait due to the
cross-modal wiring of the brain [2, pp. 319–33]. In addition to perceiving one stimulus,
such as sound, people with synaesthesia may perceive an additional quality to the expe-
rience – a colour or smell or feeling. Synaesthesia research goes as far as the year 1690 in
which a case was documented by John Loche about a blind man experiencing colour on
the sound of trumpet. A medical study of synaesthesia was described by George Tobias
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Ludwig Sachs in 1812 (Wikipedia). After synaesthesia inspired the whole generation of
German Romantic artists (e.g., Caspar David Friedrich), American neurologist Richard
Cytowic brought synaesthesia research into mainstream science in the 1980s [3]. Many
people of creative professions who are synaesthetes use synaesthesia creatively as an
additional sensory stimulation. Because there are many types of synaesthesia and the
experience is highly subjective, the trait has sometimes been confused with hallucina-
tions or neurological disorders [4]. For children with synaesthesia and their parents, this
is a particular challenge, since children may describe their experiences in ways that their
parents do not understand, which can lead to confusion and difficulty in learning. For
example, a child with grapheme-colour synaesthesia will perceive letters and numbers
in colours, which easily could distract the learning process and cause misunderstand-
ing, because educational techniques for primary school reading and writing often use
colours, which will not match the child’s experience. Many synaesthetes are not aware
of their sensory pairings and think that everyone else experiences it too.

This paper presents a game-like educational experience entitled SynaesthesiaGallery
AR: Journey Through the Senses, which is designed to give insight into sensory per-
ception and to help people learn about synaesthesia, and perhaps also turn sometimes
overwhelming sensory experiences into the creativity of cross-modal perception. The
experience takes the form of an interactive digital gallery for the outdoors, a locative
AugmentedReality (AR) art gallerywithmusic byLiszt, Chopin, Schuman, Scriabin and
others painted by artists-synaesthetes. The gallery contains 15 multisensory soundscape
art episodes and is the result of a seven-year collaboration between artists-synaesthetes
and concert pianist, composer and researcher Dr Svetlana Rudenko. The game runs on
smartphones (Android, iOS) and is available in the respective app stores. The app has
received a funding award from Federation of European Neuroscience Societies (FENS)
and the DANA foundation for brain research and was launched at Trinity College Dublin
for Brain Awareness Week 2022.

Ramachandran and Hubbard [5, pp. 52–59] stated that ‘synesthesia causes excess
communication amongst brain maps…Depending on where and howwidely in the brain
the trait was expressed, it could lead to both synesthesia and to a propensity towards
linking seemingly unrelated concepts and ideas – in short, creativity.” TheApp is creative
itself, as a psychogeograpical augmentation of locationwithArt andMusic soundscapes.
It has twomodes: site-specific and random. In site-specific mode, the experience is set in
a curated location. In random mode, it will stage itself to any location in the world. (See
Fig. 1.) In randommode, the experience works best in a park, or close to nature because it
uses the environment as a relevant context for (and backdrop to) to the AR encounters. In
a natural environment, this combination encourages multisensory experiences, such as
feeling of thewind on the skin, the smell of the grass and fresh leaves, in combinationwith
the sound of music and the visual stimulation through the AR art. The app was originally
staged at Trinity College Dublin for Brain Awareness Week 2022 demonstration and to
offer easy campus access for students carrying out research on synaesthesia and visitors
attending BAW lectures.
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Fig. 1. Synaesthesia Gallery AR. Augmented Reality images: Episode N8 (Art by Carol Steen on
Schuman Quintet Op. 44) and N15 (Music and Art for Alice Dali AR by Dr Svetlana Rudenko).

2 Types of Synaesthesia, Infants Synaesthesia and the Multisensory
Brain

Ramachandran and Hubbard has called synaesthesia “a window into perception, thought
and language” [6]. There are 75 types of synaesthesia registered according to Sean A.
Day who is president of the International Association of Synaesthetes, Artists, Scientists
(IASAS).1 Research has shown that people with Synaesthesia are more aware of cross-
modal sensory pairings due to stronger connections in their neural system [7]. Further-
more, there is evidence that the brain of a new-born baby is cross-modal and have infants
synaesthesia [8]. While synaesthetes only represent 4–6% of adult humans, it is still a
large number of people, as observed by Cytowic who stated, “one in twenty-three people
carry the gene of synaesthete” [3]. There is also “a growing body of empirical research
on the topic of multisensory perception [which] now shows that even non-synaesthetic
individuals experience cross-modal correspondences” [2, pp. 319–33]. There is evidence
that multisensory perception stimulates the brain and Infants Synaesthesia is a natural
sensory state for newborn baby [8]. Research shows that synaesthesia-enhanced appli-
cations have promising potential for education and mental health programs, such as Bor
et al.’s experiment to train non-synaesthetes for grapheme-colour synaesthesia (shapes,
letters and numbers have colour), which showed an IQ improvement and provisionally
concluded that “cognitive training including synesthetic associations may in the future
be a promising new tool for vulnerable clinical groups to enhance general mental ability”
[9]. Also, designer and researcher Dr Michael Haverkamp established a methodology
for multisensory design based on synaesthesia [10], and sensory substitution devices
research uses a synaesthesia principle in which the lost sense (e.g., vision for blind peo-
ple) could be compensated for in another sensory modality (e.g., seeing with sound)
[11].

Many artists, musicians and writers who were synaesthetes found an inspiration in
their sensory perceptions. Cretien van Campen observes that the famous artist Wassily
Kandinsky described synaesthesia as a “phenomenon of transposition of experience
from one sense modality to another, as in unisonous musical tones” [12, p. 56]. Greta
Berman, Professor of Art History at the Julliard School, NY, noticed: “Synesthetes
invariably manifest a multi-layered, complex way of looking at and interpreting things.

1 http://www.daysyn.com/Types-of-Syn.html.

http://www.daysyn.com/Types-of-Syn.html
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In synesthetic art, both paintings and music exploit unexpected and startling rhythms”
[13, p. 28]. Russian science researcher, artist and director of the Prometei Institute,
B. M. Galeyev said: “Synesthesia (and the particular case of ‘color hearing’) is the
essential component of musical thinking, first of all, music intended to evoke images”
[14, p. 3]. President of American Synaesthesia Association Carol Steen describes the
sensation of synaesthetic colours: “Regardless of the synesthetic trigger, that sometimes
the colors are translucent like a haze of smoke or fog sometimes they’re dense with
a weight that feels almost physical. The shapes are soft-edged, exist in space, and are
three dimensional but cast solar system (…) The speed of these moving shapes is gentle.
They go as fast as the changing color waves of aurora borealis appear to the naked eye”
[15, p. 19]. Some experiences of synaesthesia can cause confusion, for example children
with grapheme-colour synaesthesia might see “their own” colours on letters, not the
alphabet colours shown by the teacher.2 Or, as Carol Steen describes, when synaesthesia
was overwhelming or even frightening: “The first time was when I was 7 and told my
best friend that the letter ‘a’ was the prettiest pink I had ever seen. She said I was weird
and we stopped being friends. I decided that silence was safer and didn’t mention my
colored letters to anyone until I was 20.”3

Synaesthete Lidle Simpson describes his experience as “I have been deaf all my life
and I like to say that I have never known silence. I learned at an early age that hearing
people are not hearing what I hear. I called it ‘Photonic Hearing’ before I learned the
word ‘Synaesthesia.’”4 Butmost important, as Lucie Bouvet et al. observe in their article
“When synesthesia and savant abilities are mistaken for hallucinations and delusions:
contribution of a cognitive approach for their differential diagnosis” [4], awareness of
Synaesthesia and self-discovery if the person is synaesthete can prevent many upsetting
cases because almost all synaesthetes start their journey with “I thought everybody sees
it!”.

3 Augmented Reality Experience: The App

Synaesthesia Gallery AR shows how music could be perceived with other senses; it
shows music as vision, painted by artists-synaesthetes. It teaches creativity and diversity
of perceptions. The app could be helpful for that one child in the class who is different,
and it also teaches non-synaesthete children to respect their individual experience and
gain confidence that they are allowed to be different. In this fashion, the app serves as
a social game experience with classmates that lets them experience the aesthetics of
music and art, increases awareness of their own sensory responses, perhaps leading to
them to paint music or other emotional experiences themselves. For adults, the app is a
tool for self-exploration to learn more about the sensory perception of music, as well as
the psychogeography of location, augmented with art and music. In addition to painted
music episodes, Synaesthesia Gallery AR has episodes with a scientific talk by Prof.
JamieWard andwith talks by artists-synaesthetes about their synaesthetic experience and

2 https://www.syntoolkit.org/teacher.
3 https://mitpress.mit.edu/spotlight-on-science-carol-steen/.
4 https://static1.squarespace.com/static/5fbbf00ba552d609bac0798b/t/60467feb69aafb17f6cc7
de0/1615233019217/Art-on-Classical-Music-by-artists-synesthetes-converted.pdf.

https://www.syntoolkit.org/teacher
https://mitpress.mit.edu/spotlight-on-science-carol-steen/
https://static1.squarespace.com/static/5fbbf00ba552d609bac0798b/t/60467feb69aafb17f6cc7de0/1615233019217/Art-on-Classical-Music-by-artists-synesthetes-converted.pdf
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music composed on art, when the colours and shapes “sound.”Many countries, including
the US, Canada, Germany, Spain and others have Synaesthesia Associations that bring
awareness of the trait to schools and the general public. Neuroscience societies, such
as British Neuroscience Association (BNA), the Federation of European Neuroscience
Societies (FENS), theDanaFoundation andNeuroscience Irelandwork on dissemination
of brain science and very often host Synaesthesia events during their world-wide, annual
Brain Awareness Week (BAW) event.

3.1 Gameplay AR

The Synaesthesia Gallery AR experience is set outside and works through a smartphone
screen. The first step is to download the app from the Play Store (Android) or App Store
(iOS). The app is free and free of advertising. When the app starts, you can choose
“Random” to play in your local location (e.g., a park) or “Trinity” to play in curated
locations in Trinity College Dublin (Fig. 2 right, screenshot 1). After that, the main
experience begins. The steps to find and capture a music art encounter are as follows:
1. Use the map to orient yourself and make sure you are inside the purple area where
the music art encounters are (Fig. 2 right, screenshot 2). 2. Use the radar to get close
to a music art encounter (Fig. 2 right, screenshot 3). The radar works like a naval radar
where you are in the centre and the music art encounters are around you. As you get
closer to an encounter, you will hear the music begin. You should keep going until the
LEDs light up and the AR button flashes yellow. 3. Use the ARmode to scan around you
and find the artwork hanging in the air (Fig. 2 right, screenshot 4). A yellow arrow on
the display tells you which way to pan. When you see the artwork, capture it by taking
a photo. If the artwork disappears before you can capture it, go back to step 2 above and
move a little bit closer to it.

The captured artworks go into your gallery casebook (Fig. 2 right, screenshot 5)
where you can review them and read more about the artwork and the music. When the
music finishes, you can proceed to find the next music art encounter, beginning with step
1 above.

Fig. 2. Synaesthesia Gallery AR cards with instructions
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3.2 Content

The majority of the episodes of Synaesthesia Gallery AR demonstrate experiences of the
chromaesthesia type (experiencing colours when hearing music). In addition, there is an
episode by James Wannerton “Tastes of Kandinsky,” which presents lexical-gustatory
synaesthesia (experiencing taste when hearing, speaking, reading, or thinking about
words) [16]. The app documents creative synaesthesia experiences of individuals who
contributed significantly to synaesthesia research, including academics and international
artists such as Carol Steen (president of the US Synaesthesia Association), Prof. Maria
Jose de Cordoba Serrano (director of Spanish Synaesthesia Association Artecitta), Dr
Timothy Layden, Ninghui Xiang (president of Synaesthesia Alliance, China), James
Wannerton (president of the UK Synaesthesia Association) and Geri Hahn, textile artist-
synaesthete, New Jersey, as well as one scientific episode by leading researcher on
synaesthesia Prof. Jamie Ward, University of Sussex. The variety of music episodes
include compositions such as Schuman Piano Quintet Op. 44 (painted by Carol Steen),
Chopin ballad N1, Op. 23 (painted by Ninghui Xiong), Scriabin Piano Sonata N5 and
Liszt B-minor Sonata (painted by Timothy Layden) and so on.

4 Conclusion and Future Work

In Synaesthesia Gallery AR,we show how artists-synaesthetes use their sensory percep-
tions on music creatively. We hope that some people will use the app to discover their
own synaesthesia, and that all people who use it will learn about diversity of percep-
tions. For some people, it could be the start of creative practice, e.g., painting music as
a therapeutic exercise.

The app will be used as a tool for further study, including a user study on the
app as an educational tool for teachers, and use of the app as an alternative to online
synaesthesia tests, offering a soft informative and playful experience ofmusic art that has
the potential to discover more non-identified synaesthestes with “rare” sensory pairings.
In comparison, themost common tests for synaesthesia are based only on chromaesthesia
and grapheme-colour synaesthesia. There are many additional possible applications for
location-based art galleries like Synesthesia Gallery AR, including encouraging healthy
walking habits, promoting physical exercise and as a cultural outdoors experience for
intergenerational play for families.

We also think the app could be of interest to scientists exploring computational
models of the neural circuits of the brain. There are patterns and shapes revealed in
art (including the artworks in Synaesthesia Gallery AR), which are characteristic also
to multisensory perception under psychedelic states. The German-American biological
psychologist Heinrich Klüver described these shapes as “form constants,” and Jack
Cowan and others [17] later used them to develop computational models that describe
the dynamics of interactions between populations of model neurons.
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Abstract. Dementia is a condition that leads to a gradual decline in executive cog-
nitive functioning over time. Health care professionals use non-pharmacological
activities to enrich the lives of people living with dementia (PLWD). Studies show
that activities involving social interaction have a positive effect on the cognitive
function of PLWD. Studies also show that the distancing limitations brought by the
Covid-19 pandemic greatly reduced the number of opportunities for social inter-
action and negatively affected PLWD. Virtual Reality (VR) is showing promise
in research involving PLWD. While PLWD have indicated positive experiences
using VR, there is currently a paucity of research into the design and development
of a multi-user VR social activity space for PLWD. This paper details the design
of an activity based multi-user VR space to support socialization for PLWD. It
also outlines a set of experiments to evaluate efficacy from the context of social
presence and social interaction within this space.

Keywords: Dementia · Virtual Reality · Social Interaction · Social
Connectedness

1 Introduction

Dementia is a neurodegenerative disease where one’s executive cognitive function-
ing (e.g. working memory, planning and prioritizing and organisation [1]) gradually
decreases over time [2]. As the disease progresses, people living with dementia i.e.
PLWD, typically lose their independence, and require assistance from others. While
there is currently no cure for dementia, researchers have sought non-pharmacological
ways to enrich the lives of PLWD (e.g. reminiscence therapy and activity therapy [3]).

An important element of promoting the wellbeing of PLWD and mitigating fur-
ther deterioration is to provide social interaction [4]. Social activities such as group art
sessions can improve executive cognitive functioning and increase social participation
among PLWD [5]. The Covid-19 pandemic prevented PLWD from seeing their families
due to health related safety procedures. These procedures, while necessary at the time,
resulted in an increased sense of loneliness and psychiatric symptoms associated with
dementia [6]. Clearly, there is a need for approaches to support PLWD in activities which
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promote social interaction; approaches that can be achieved from the safety of their own
residences.

Digital technology has been used successfully in applications such as entertainment
and caregiving for PLWD[7].While there is no standard definition ofVirtual Reality (VR
[8]), VR is a technology which uses a combination of visual, audio, and in some cases
haptic feedback to provide an immersive experience to users [9] via a Head Mounted
Device (HMD). Studies show that playing games such as virtual bowling can assist
PLWD in the recollection of motor tasks [10]. Meanwhile, performing simple physical
exercises using VR can improve executive cognitive functioning in PLWD [11]. Further-
more, VR-basedmusic therapy can increase positive emotions andmemory performance
in PLWD [12]. The increased accessibility of VR has led to it being used as a tool for
socialization. Applications such as VRChat and RecRoom allow users to connect and
interact with each other in a shared virtual environment. Social VR is defined as a virtual
environment where users are able to interact via virtual avatars [13]. Some social VR
applications (e.g. RecRoom) allow users to create environments, which they can then
share and experience with other people. Baker et al. (2021) designed a multi-user VR
social environment to promote reminiscence in older adults [14]. This study showed that
the PLWD users found their VR experiences to be meaningful. Despite such studies,
there is currently a paucity of research in the design and development of multi-user
VR social activity spaces to promote social interaction for PLWD.

Ultimately, while research into VR for PLWD has proven to be effective, VR is not
suitable for all PLWD. Matsangidou et al. (2020) [15] reported three cases of PLWD
experiencing clinical anxiety as a result of using VR. Such anxiety can occur due to a
sense of claustrophobia that can manifest as a result of wearing the HMD [16]. Although
some PLWD can experience motion sickness using VR, their symptoms are no worse
than those of users without cognitive impairment [17]. In general, VR is most suitable
for those with mild to moderate dementia, i.e. who are better able to follow instructions
and engage with activities [18].

2 Method

The design of the multi-user VR social activity space to support social interaction for
PLWD is one part of a three phase study: (1) the design and development of a VR Probe,
(2) the design and development of a multi-user VR social activity space and (3) the
evaluation of the multi-user VR social activity space to support social interaction for
PLWD. In Phase one, the authors were involved in the participatory design of a VRProbe
to familiarize nine PLWD (having early to moderate dementia) and their nine informal
caregivers with the interactive features of VR [19]. An analysis of the feedback from
this phase (Table 1) in addition to a comprehensive literature review have influenced the
design of the multi-user VR social activity space and associated task based activities
(Table 2). In Phase 3, ten PLWD and their caregivers will be involved in testing the
efficacy of the VR social space to support their socialisation.
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Table 1. VR Probe: PLWD Feedback [19].

Feedback

Multisensory design The use of multisensory design improved the participants’ sense of
presence. This led to an increased sense of alertness and engagement with
the virtual environment. This is also in line with findings from [9]

Accommodating Autonomy The use of a one button interaction system in addition to a freeform
approach allowed participants to engage organically with the environment.
This complements work by [20] shows how the design of functional and
flexible tasks can promote autonomy in PLWD

Facilitator based assistance Verbal instructions from the facilitator were considered more effective than
a task’s visual instructions. Participants indicated a desire for instruction
manuals or videos

Impact of exposure to VR Participants enjoyed the VR experience. They suggested more background
noise in the environment and a greater clarity in the graphics. This is in line
with research by [21]

3 Design of the Multi-user VR Social Activity Space

The multi-user VR social activity space for PLWD comprises three main scenes which
support a specific multi-user task-based activity. Each of these activities has been
categorized as either; physical movement, memorization or creativity (Table 2).

Table 2. Activities

Activity Category Description Justification

Ball throwing activity
(Fig. 1)

Physical movement The participant can
select one of three
levels of difficulty from
a UI panel. Level 1 is
the beginner level
while Level 3 is the
expert level. A number
of cocoa cola cans are
spawned based on the
selected level (e.g. 15
cans for Level 1, 8 for
Level 2 and 5 for Level
3). The participant is
encouraged to pick up
nearby balls (using the
controller button) and
toss them at the cans

The biomechanics
involved in this activity
support coordination
[22]
Enhancing physical
capabilities prolong the
quality of life of PLWD
[23]

(continued)
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Table 2. (continued)

Activity Category Description Justification

Card matching game
(Fig. 2)

Memorization There are four tables in
the card game section,
with each table
showing six pairs of
cards. The cards are
automatically shuffled
when the participant
starts the game. The
participant is instructed
to flip over the cards
using the specified
controller button. The
goal is to find matching
pairs. If two cards are
flipped over and they
do not match, the cards
will be flipped back
down
Audio feedback is
provided when the
match is successful
(beeping noise) and
unsuccessful (e.g.
‘crumpling’ noise)

Board games can
improve the executive
cognitive functioning
of older adults [24] and
people with mild and
moderate dementia
[25]. There is a greater
sense of immersion
when participants have
real life experience
with the game [26]

Art activity (Fig. 3) Creativity The art section
contains multiple small
whiteboards, with
paintbrushes on a
nearby table. The
participant is
encouraged to pick up
a paintbrush and point
it at the whiteboard. By
pressing the specified
controller button, they
can draw on the
whiteboard

Creative activities can
improve
communication and
promote conversations
among PLWD [27]. Art
interventions
contribute to improving
the quality of life of
PLWD [28]
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Fig. 1. Ball throwing activity. Fig. 2. Card
matching game.

Fig. 3. Art activity.

3.1 Proposed Experiment Design

A set of quantitative and qualitative measurements to identify whether or not the multi-
user VR social activity space encourages social interaction for PLWD will include;

• TheRevised SocialConnectedness Scale [29]will be used before the participant enters
the VR space in order to identify their baseline feelings of social connectedness. They
will also be asked social interaction questions i.e. how they interact with others from
the context of initiating conversation etc. After they leave the VR multi-user social
activity space, they will be asked to complete the revised social interaction questions
(contextualised from a VR perspective). The answers to both sets of questions, in
addition to an analysis of gameplay data, and audio and video recordings will help
evaluate the efficacy of the VR multi-user social activity space to support social
connectedness for PLWD.

• Audio and video recordings will include conversations and comments made by the
participants during their time in theVRenvironment.Video timestampswill be used to
identify when a participant starts looking towards and away from another participant.

• Gameplay data – the collection of gameplay data such as avatar position (i.e. head,
hand etc.), button presses, object interactions and interaction points will be used to:
(1) evaluate themanner inwhich the participantsmove (i.e. head and handmovement)
and behave (i.e. points where the participants interact with objects or other people) in
the virtual environment [30] and (2) validate social interaction behaviours between
participants.

• Avatar choice - The participants will be presented with a database of avatars from
which to choose i.e. older and younger avatars (both male and female) and abstract
avatars.

Note: Quantitative data will be analysed using IBM SPSS V 29 with the statistical
significance being set at p < 0.05. Qualitative data will be analysed at the thematic and
semantic levels.

The initial experiments which will be carried out in Phase Three are described in
Table 3. Note: We are collaborating with medical experts and an occupational therapist
in the development of an intervention protocol.
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Table 3. Experiment outcomes

Experiment question Measurements Expected outcomes

Does the use of virtual avatars
facilitate social interaction in
a virtual environment?

Video recordings
Audio recordings
Timestamps
Avatar/participant positions
Object interactions

Participants will:
• be located close to each
other when they are
interacting

• look at each other while
interacting

• have greater arm
movements when
interacting with another
user

• have a number of
interactions with virtual
objects

• initiate conversations

Is the one button interaction
system easier to memorize
and use for the PLWD?

The # of button presses on
each controller
Interaction points
Audio recordings
Video recordings
Object interactions

Fewer errors will occur with
the one button interaction
system
The participants will ask for
less assistance in identifying
buttons on the controller
The participant will be less
frustrated

Do more age appropriate
avatars lead to greater social
interaction for PLWD?

Participant/avatar head and
hand movements
Video recordings
Audio recordings
Timestamps
Avatar/participant positions

Participants who select age
appropriate avatars will
interact more often than those
who do not
Participants will move their
head and hands more often
[see expected outcomes for
the first experiment]

Does the multi-user social VR
space promote social
interaction?

The users will complete a
Revised Social Connectedness
Scale before using the
multi-user VR social activity
space. Before and after their
VR experience, they will be
asked to complete a social
interaction questionnaire

The participants will have
more positive answers to the
Social Interaction
questionnaire after using the
multi-user VR social activity
space. This will be
underpinned by measurement
data i.e. audio and video
recordings etc.

Note: Two separate builds of the VR application will be used throughout the experiments. One
version will use a simplified control system where the trigger button on the controller will be
used for most actions (e.g. grabbing, teleporting, interacting). The second version will use a more
traditional control scheme where participants will be required to press different buttons to perform
different actions (e.g. using the grip button for grabbing, using the trigger button for interacting).
As this paper outlines part 1 of Phase 2, no detail on sample size, recruitment and experiment
procedure is provided. This will be outlined in subsequent papers.
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4 Limitations

The main limitations of this study include; the reduced number of available activities,
and the targeted audience i.e. people with mild to moderate dementia.

5 Conclusion

VR possesses a great potential to enhance or maintain the social connectedness of people
living with dementia (PLWD) and their caregivers. However, design considerations need
to be established to create VR applications that are suitable for PLWD. In this paper,
design considerations for a multi-user VR social space to promote social interaction for
PLWDwere described. This paper also outlined a set ofmulti-user task-based activities to
support: physical movement, creative thinking and memorization; all of which enhance
the quality of life of PLWD. The authors also proposed a set of experiments, associated
measurements and expected outcomes to assess the efficacy of the multi-user VR social
activity space to encourage social interaction for PLWD. In future work, the authors will
validate the design and implementation decisions of the multi-user VR social activity
space for PLWD via the proposed experiments.
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Abstract. Empathy is important for fostering social engagement with ecology.
In this study we describe Waddle, a virtual reality (VR) experience designed to
facilitate the direct embodiment of an Adélie Penguin moving through the key
stages of their life cycle as an intervention to increase empathy. By collecting pre
and post questionnaire data from forty-three grade 3 through 8 students attending
a science festival, we find thatWaddle was successful in facilitating an embodied
experience and supported a significant increase in the participants’ empathy toward
penguins. We also find that greater embodiment was correlated with increased
empathy, suggesting a casual relation that invites additional research into designing
embodied experiences using immersive technologies as a method for developing
empathy and fostering greater social engagement.

Keywords: Virtual Reality · Educational Games · Empathy · Embodiment

1 Introduction

Recent research into embodied learning demonstrates significant promise for teaching
complex STEM topics [7], as well as increasing empathy and perspective-taking [3].
Empathy has been proven to lead to increased conservation efforts, such as financial
donations to ecological organizations [8, 11], an objective with merits beyond simple
content knowledge. Previous work has also explored the use of virtual reality (VR) for
facilitating embodied learning experiences with animals, but have often failed to do so
[8]. In this study we leverage this previous work, and the notions of gesture congruence
[1] and visuomotor synchrony [8], to design a virtual reality (VR) experience in which
the learner takes on the body of an Adélie penguin living on Ross Island in Antarctica.
We then use this experience to empirically explore how embodiment and empathy are
facilitated and related, following three research questions:

RQ1. Does the experience effectively produce an embodied experience of an Adélie
penguin?
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RQ2. Does the experience produce measurable increases in empathy for Adélie
penguins?
RQ3. Does an increased sense of embodiment correlate with an increase in empathy?

Practically, this work contributes an understanding of how to design educational VR
experiences that lead to embodiment and increased empathy for animals. Theoretically,
this project contributes an empirical exploration of the relationship between learner
embodiment and empathy.

2 Previous Work

To move beyond the goal of increasing descriptive knowledge about ecological systems
and into environmentalist action, researchers have explored the promise of educational
interventions that facilitate empathy and perspective taking [13]. Pimentel & Kalyanara-
man [8] found that developing empathy for an endangered species can reverse “com-
passion fade” and lead to increases in charitable giving. A similar finding by Swim &
Bloodhart [11] demonstrates that empathy and perspective taking aremore effective than
objective perspectives for increasing environmental action, contrary to popular warnings
that prioritize psychological distance.

As a medium that manipulates users’ perception and gesture, numerous researchers
have explored the various ways VR technology can be used to facilitate embodied learn-
ing experiences [4], including what Melcer & Isbister refer to as “direct embodiment”
where the actions of the participant are directly mapped to the actions and perceptions
of the embodied avatar [6]. An important design principle is gesture congruence, which
measures the degree to which movements performed by the learner directly relate to the
concept being learned [1]. For example, if a student is learning about movement of an
object under a force, the VR design should have them gesture in a similar direction to
the force, not in a random direction.

Connecting empathy and embodiment using VR, researchers have explored the use
of mixed reality to embody animals. Sierra Rativa et al. [10] developed a Virtual Reality
simulation where users embodied a visually and haptically realistic beaver avatar. Their
study showed a significant effect of the visual design of the avatar on users’ sense of
immersion, but not on adopting a 1st-person sense of animal embodiment or increasing
empathy. One challenge for adopting a truly embodied experience from an animal’s
perspective is the control of an avatar of certain animals, which have different postures,
skeletal arrangements, and shapes compared to human bodies [5]. Pimentel & Kalya-
naraman [8] describe this alignment as visuomotor synchrony. Sierra Rativa et al. [10]
discuss a lack of synchrony in their design and propose future design should explore the
use of the players’ hands to control animal’s front paws to increase embodiment.

3 Methods

3.1 Intervention

The VR experience, entitledWaddle, is a 20-min Virtual Reality experience that demon-
strates visuomotor congruence with an Adélie penguin. Hand tracking mode was uti-
lized, which uses outward facing 3d sensors to identify and track the users hand positions
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without using additional hand controllers. The experience was developed in consultation
with a team of educational game designers, VR researchers, and Jean Pennycook, an
Antarctic penguin researcher. Since 2004, Pennycook has spent the Antarctic summers
(Oct – Jan) living in a tent near the Adélie penguin breeding colony at Cape Royds on
Ross Island near the McMurdo Research Station. Her research team monitors the popu-
lation of these iconic birds as they respond to changes in their environment. Following
several initial meetings with Pennycook, learning about the key life events and activities
of the penguins, a design document was developed to explore a potential intervention.
This document was reviewed with Pennycook for accuracy and feedback about how it
reflected her values, then the project moved into productionwithminor revisions. During
production, minor prototypes were tested internally with public audiences to identify
usability issues, then with later iterations again to verify their solutions.

Fig. 1. The landscape of Waddle, with orientation activities on the near side and life activities on
far side of the bridge

The experience begins with a series of interactions that are designed to orientate
the user to the system. Upon putting on the headset, the user sees a snowy scene with
a soft mound of snow surrounding all but one direction forward. Their perspective is
approximately 0.5m above the snowy floor, and they see a beak extending forwardwhere
their nose should be. Looking down, they see their white belly and flippers instead of
arms. To one side is an icy stone obstacle that acts as a mirror, showing a reflection
of the Adélie penguin avatar they inhabit and control. The movements they make are
reflected in the mirror. To another side is a signpost with a graphic of a penguin standing
on one foot with a rounded, double-sided arrow above its head. This sign attempts to
communicate that penguins move by waddling back and forth from left to right.

Once they move their upper body back and forth one full cycle, their view avatar
moves forward by about 0.5 m in the direction they are facing. Performing this gesture
several times along the only available pathway in the snow brings them to a set of
orientation activities that do not relate to realistic actions and objects that an Adélie
penguin would encounter on Ross Island. One activity demonstrates moving objects in
the environment using their beak. Another activity plays chimes when the objects are
touched with a quick move from their flippers. At the edge of this orientation area where
players learn to move, use their beak and flippers, lies a small bridge in the snow that
spans a small streamflowing into the open ocean, as a symbol ofmoving from orientation
into realistic engagements with penguin life (See Fig. 1).

The first interaction users encounter involves picking up small stones in the area and
stacking them together to build a pile of stones that these penguins use as a nest for the
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eggs. Participants bend their back to lean down toward the ground and touching a stone
with their beak connects it. If they waddle over to the nest and touch that area with their
beak, the stone is released, and the nest grows larger. In another interaction, they act out
a mating dance to pair with another penguin. In this activity, they move their head and
body to touch visual indicators in their view in a specific sequence, similar to the well-
knownDance Dance Revolution game mechanic. In the nesting interaction, participants
are challenged to defend the egg in their nest from an incoming group of Skua birds, a
natural predator to young Adélie penguins. Once positioned between the Skuas and their
egg, they strike the predators with their flippers, as the actual Adélie penguins do, to
defend their nest. By defending the egg frommultiple Skuas for a predetermined amount
of time, they complete the challenge. Success is rewarded with an animation of the birds
retreating and the penguin’s egg hatching.

3.2 Participants and Study Format

The study collected data from forty-three grade 3 through 8 (age 8 through 13) students,
in groups of 10–20 from different informal learning organizations, attending a science
festival on a major university campus. These groups were recruited in advance of the
festival, being offered an opportunity to take part in a VR research project. Participants
were brought into a separate space on a different floor of the facility where they were
verbally introduced to the project and given a pre-experience questionnaire using a digital
survey tool on their own mobile phone or using supplied iPad devices. From each group,
eight participants at a time were moved into their own 3 m by 3-m square area then fit
with a Meta Quest 2 virtual reality headset. The VR experience took approximately 20
min, then they completed a post-experience questionnaire.

3.3 Instruments and Data Preparation

TheDispositionalEmpathywithNature scale [12]was used as a pre-experience question-
naire. This instrument contains nine Likert-scale items. A post-experience questionnaire
instrument was developed to measure perceived embodiment in addition to the empathy
measure used in the pre-experience questionnaire. Embodiment was measured using the
Avatar Embodiment Questionnaire [2] which contains 25 Likert-scale items in subscales
for body location, ownership, agency, motor control, and appearance.

From the data collected from 43 participants, 2 were dropped from analysis due
to mismatching codes used to link the two questionnaires. 8 additional participants
were dropped from comparison analysis due to missing empathy measures in the pre-
experience questionnaire. Values for the Likert items were scaled so neutral responses
= 0, minimum responses = –4, and maximum = 4.

4 Results

Results for the embodiment scores and empathy scores were plotted using histograms
to ensure normally shaped results. Pairwise t tests were conducted on pre- and post-
experience empathy scores to determine if a significant change in that score took place
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following the VR experience. Pearson’s correlation was used to test for correlation
between the post-experience embodiment and empathy scores. No outliers are seen in
the embodiment nor empathy scores calculating z-values with a cutoff of 3 standard
deviations.

Fig. 2. A boxplot of the pre- and post-experience Empathy and a scatterplot of embodiment vs.
change in empathy

To verify that the VR intervention was able to produce an experience of embodiment
of a Adélie penguin we analyze the post-experience embodiment scores. The minimum
possible score is −100 and the maximum possible score is 100. The mean embodiment
scorewas 27.21 (std= 21.40), clearly in the positive range, which suggests an affirmative
answer to RQ1, does the experience effectively produce an embodied experience of an
Adélie penguin?

Empathy Score has a minimum possible score of -36 and a maximum of 36. A t test
shows significant pre/post difference (p = 0.0056) increasing the mean score from 8.58
to 14.37 (see Fig. 2). This suggests an affirmative answer to RQ2, does the experience
produce measurable increases in empathy for Adélie penguins?

Change in empathy scores were positively correlated with the participants’ embod-
iment scores (see Fig. 2). Pearson’s correlation coefficient is calculated to be 0.264, a
low correlation. Calculating R-squared, we see that embodiment accounted for 7.0% of
the variance in changes between pre- and post-experience empathy. This suggests an
affirmative answer to RQ3, does increased embodiment correlate with an increase in
empathy?

5 Discussion

This research demonstrates that design direct embodiment of a penguin is possible
in VR, as shown by an overall positive score for this construct, which extends prior
findings [10] and contributes to our understanding of designing VR for animal embod-
iment. This effect may be due to the visuomotor synchrony and gesture congruency
afforded by the penguin skeleton. As penguins stand upright and have their flippers
to the sides, a mapping of the participants arm location to flippers is possible. Addi-
tionally, this research demonstrates that a 20-min experience can increase children’s
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situational empathy toward penguins. Finally, a correlational relationship was found
between embodiment and empathy, with greater embodiment associated with increased
changes in empathy, suggesting the relationship may be causal and should be further
explored.

This research is limited by several factors. The sample size was small and drawn
from a potentially biased population of attendees of a science festival. The measure
of empathy was conducted within minutes of the experience and may not have any
lasting effects. Finally, additional mediating factors between embodiment and empathy
should be explored, potentially beginningwith a predisposition to empathywith animals,
previous knowledge about penguins, and comfort with Virtual Reality. The addition of
a control group would aid in isolating these effects.
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Video: Featuring New Pagans

Gareth W. Young(B)

Trinity College Dublin, Dublin, Ireland

YoungGa@tcd.ie

Abstract. Music videos are creative short films that showcase songs and
visuals for both artistic and promotional purposes. With advancements
in technology, modern music videos now use various techniques and post-
production tools to offer diverse and engaging experiences for audiences
on multiple devices. One such technology, volumetric video (VV), is gain-
ing popularity in capturing and reproducing live musical performances
in 3D as volumetric music videos (VMVs). These 3D reproductions are
designed to provide cutting-edge audiovisual entertainment for both tra-
ditional 2D screens and emerging extended reality (XR) platforms like
augmented and virtual reality (AR/VR). However, the impact of VMVs
on virtual production techniques is still uncertain and evolving. In this
short paper, we describe the creation of a unique VMV that applies VV
for presentation via VR and hypothesize on what this means for future
music productions and serious game technologies.

Keywords: Virtual Reality · Volumetric Video · Music Video

1 Introduction

In this work, we demonstrate a volumetric music video (VMV) presented in vir-
tual reality (VR) that aims to explore volumetric video (VV) representations
of music performances using VR technology. It serves as a sophisticated and
interactive music video that can be accessed and presented through various XR
platforms, showcasing new workflows for capturing, editing, and accessing VMVs
for virtual production. Through this approach, we aim to gain a better under-
standing of how the industry can harness this technology from a serious games
perspective, demonstrating how professionals are likely to react to music videos
in an XR context and providing insights into virtual simulations for interactive
digital media training and research.

Virtual production techniques that use XR technology can be considered
serious gaming as such technology can be used to create interactive virtual envi-
ronments (IVEs) for serious games. Serious gaming typically refers to games
that are designed for a specific purpose beyond entertainment, such as educa-
tion, training, simulation, or research [9,20]. While virtual production techniques
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can be used in these contexts, they require inherently designed interactions for
them to function effectively. Rather, virtual production techniques that use XR
technology are primarily used in film, television, and other forms of media pro-
duction to create immersive, interactive, and dynamic environments. Still, the
use of XR technology in virtual production can create opportunities for new
forms of serious gaming, such as virtual simulations for training or research [1,2].
In our demonstration, we hope to show the potential of this technology in future
interactive VV serious game applications.

2 Background

The rapid resurgence of VR technology [3] has led to a new quest for novel ways
to visualize and communicate musical performance, driven by artistic creativity,
technological innovation, and the desire to capture the attention of new and
existing audiences. It has been widely acknowledged that artificial reality is the
definitive technological expression of the postmodern condition; therefore, it is
possible to express postmodernist art representations within VR [12, p.169].

The use of XR technology in virtual production has created opportunities for
new forms of serious gaming, where studio professionals and learners can interact
in real-time with the virtual world in a highly immersive and realistic way [4].
With XR technology, virtual production can simulate real-world environments
and enable the player to experience them in a fully immersive way [2]. This can
enhance the realism and engagement of the gameplay, allowing players to feel as
though they are truly influential in the game world.

One example of this is the use of virtual production and XR technology in
creating training simulations for industries such as aviation [7], healthcare [11],
and the military [11]. By using VR or AR headsets, trainees can practice complex
procedures and scenarios in a safe and controlled environment, without the risk
of causing harm or damage. This can help to reduce training costs and improve
the effectiveness of training programs [6]. Overall, the use of XR technology
in virtual production can create exciting opportunities for new forms of serious
gaming, as well as other forms of interactive and immersive media. By combining
the power of virtual environments with real-time rendering, motion capture,
and other cutting-edge technologies, virtual production using XR is poised to
revolutionize the way we create and experience media.

Another example of serious gaming using XR technology is in the field of
interactive digital media education [5]. VR and AR can be used to create inter-
active learning experiences that can engage students in a way that traditional
methods cannot. For example, virtual field trips can be created that allow stu-
dents to explore historic sites, and scientific phenomena, or even travel to other
countries, all without leaving the classroom [19]. This can not help to make learn-
ing more engaging and accessible for students of all ages and backgrounds but
can be used to educate new media practitioners about the natural affordances
of immersion and presence via XR technology.

In this project, we present an immersive VMV as an emergent art form, using
various XR technologies such as stereoscopic and 360-degree audiovisual spatial
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recording technology [13]. These capture technologies have expanded the view-
ing experience beyond the traditional medium and provided new dimensions of
immersion, interaction, and imagination for the audience, with advancements in
home PC GPU/CPU speeds, HMD optics, software data processing capabilities,
and AI being closely tied to these advancements [18].

Informed by the study of XR and VMVs [15], we have designed a custom-
made VV VR music video experience, featuring the New Pagans’ track Lily
Yeats, with a user-centered design approach. The project’s pilot study has high-
lighted specific qualities that audiences seek when consuming such materials [15].
Further iterations of this application have focussed on the differences between
traditional media and new XR experiences and build upon existing studies in
human-computer interaction (HCI) that focus on music, haptics, and technol-
ogy in use [8], specifically, those examining how users experience and potentially
learn about virtual production from music videos presented via 6 DoF XR tech-
nologies [17].

3 Technical Description

VV is a technique used to capture a three-dimensional representation of a
real-world object or scene, including people, objects, and environments [14].
It involves capturing a large number of images or video frames of the object
or scene from multiple angles using an array of cameras or sensors, and then
processing and combining the data to create a three-dimensional representation
that can be viewed from any angle [10]. VV is different from traditional video in
that it allows the viewer to move around and explore the object or scene in three
dimensions as if they were actually there. This makes VV an ideal technology
for creating immersive experiences in virtual and augmented reality, as well as
for other applications such as video conferencing, gaming, and training.

One of the benefits of VV is that it allows for the creation of realistic, life-
like representations of people and objects that can be used in a variety of con-
texts [16]. For example, VV can be used to create virtual actors for film and
video games or to create training simulations for industries such as healthcare
and aviation. However, creating high-quality VV requires a significant amount of
time, expertise, and resources. It typically involves using specialized equipment
and software to capture and process the data and requires a team of experts
to oversee the entire process. Despite these challenges, VV is an exciting and
rapidly developing technology that has the potential to transform the way we
interact with the world around us.

VMVs are a type of music video that uses VV technology to capture a three-
dimensional representation of a live music performance. VMVs allow viewers
to experience the music performance in an immersive and interactive way as
if they were actually present at the performance. In a VMV, the performer
or performers are recorded using an array of cameras or sensors from multiple
angles, capturing a three-dimensional representation of the performance. This
data is then processed and combined to create a three-dimensional video that
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can be viewed from any angle, providing a highly immersive experience. One
notable example is the musician and producer Travis Scott, who collaborated
with Fortnite, an online video game, to create a virtual concert experience called
“Astronomical” in April 2020. The concert utilized volumetric technology to
render Travis Scott’s performance as a 3D model and project it within the game
environment, providing an immersive experience for the players.

VMVs are a relatively new technology and are still being explored and devel-
oped. However, they have the potential to revolutionize the way we experience
music performances, allowing us to feel like we are truly part of the performance
and providing new opportunities for artists to connect with their fans. There
are many different ways that VMVs can be used, including as part of a promo-
tional campaign for a new album or single, as a way to provide a more engaging
and interactive concert experience for fans, or as a way to preserve live perfor-
mances for future generations. Overall, VMVs are an exciting development in
the world of music and entertainment and are likely to become more common
as XR technology continues to develop and evolve.

4 New Pagans Capture Process

The VV capture process utilizes photogrammetry principles to create a 3D vol-
umetric model with texture for each video frame. The New Pagans musicians,
Lyndsey McDougall and Cahir O’Doherty (Fig. 1) were recorded separately per-
forming in the VV capture studio using twelve video cameras. The cameras were
positioned in each corner of the performance space and recorded against a green-
screen backdrop. The videos from each camera were synchronized to ensure that
the captured gestures on one camera aligned with the same frame number on
any other given camera. The audio was recorded separately and played back dur-
ing the VV capture performance, matching the video files’ length and playback
speed. This method simplified the post-production chroma-keying processes.

The process for creating VV involves recording individual camera clips of a
performance, trimming and aligning them, then segmenting the central perfor-
mance figure to generate a silhouette for each frame. This data is then input
into a postproduction process that uses 3D reconstruction algorithms to create
dynamic 3D models, which are merged using a bespoke combinational method.
The resulting VV assets are imported into the Unity game engine using a custom-
built SDK and played back at a standard video frame rate of 30fps to create the
illusion of movement. Although VV technology has limitations, it allows for high-
fidelity capture and display of musicians and enables the creation of immersive
and interactive music video content. The VR experience can be accessed via
OpenXR, an open standard for multiple VR platforms and devices.

A demonstration of the potential of this technology for VMV production can
be seen at the following link: https://youtu.be/0Q8zUpefKt8.

https://youtu.be/0Q8zUpefKt8
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Fig. 1. New Pagans performing in the capture studio

5 Advantages and Disadvantages of Using VV

VVs can be used to create immersive and realistic content, but they have dis-
tinct advantages and disadvantages. VV captures the entire 3D scene, including
depth information, allowing for a highly realistic and immersive representation of
the environment – this makes it well-suited for applications with crucial spatial
contexts, such as architectural visualization and virtual tourism. By capturing
the physical object within the main scene, VV reduces the need for extensive
post-processing to animate or rig characters, saving time and resources in the
production pipeline. Furthermore, unlike some motion capture (MOCAP) sys-
tems, it does not require actors or objects to be outfitted with markers or motion
capture suits, reducing setup time and allowing for more natural and unencum-
bered performances. Finally, VVs can be interactive, allowing users to explore
and interact with the captured scene from different angles. It can also accom-
modate dynamic scenes with moving elements, making it suitable for interactive
storytelling and gaming.

Conversely, VV generates large amounts of data due to its three-dimensional
nature – this requires significant processing power and storage capacity, which
can increase production costs. VV may also not capture fine details as effectively
as traditional MOCAP, especially for close-ups of characters or objects. MOCAP
often provides more precise control over individual body parts. Capturing com-
plex characters with intricate facial expressions and detailed movements can
be challenging in VV, particularly compared to MOCAP techniques targeting
detailed character animation.

Another point of contention is the uncanny valley – this refers to the phe-
nomenon where humanoid objects or characters that closely resemble humans
trigger feelings of eeriness or discomfort when they fall short of looking com-
pletely realistic. Both volumetric video and motion capture can impact the per-
ception of the uncanny valley in different ways.
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In the pursuit of addressing the uncanny valley phenomenon, the advan-
tages of VV lie in its capacity to capture a holistic 3D environment, engen-
dering a realistic spatial context that aids in attenuating the unsettling effect.
Furthermore, its ability to capture natural movements and facilitate interactive
engagement with the environment lends a sense of fluidity and immersion that
mitigates potential imperfections in individual character animations. However,
VV may encounter limitations in preserving intricate details, particularly con-
cerning facial expressions and nuanced character animations, which can hinder
the attainment of heightened realism. In contrast, MOCAP offers precise and
detailed character animations, including subtle facial expressions, that contribute
to bridging the uncanny valley gap. Additionally, MOCAP provides animators
with granular control over character performances, enabling adjustments to avoid
unnatural movements. Yet, this advantage is juxtaposed by the potential for arti-
facts or distortions resulting from markers or suits used in the process. Moreover,
the restricted focus of MOCAP on movements may inadvertently detach char-
acters from their environmental context, potentially accentuating the uncanny
valley effect. Consequently, the choice between VV and MOCAP as tools for
managing the uncanny valley effect hinges upon specific project demands and
the intricate interplay of realism, interactivity, and contextual fidelity.

6 Conclusions

XR technology has been a game-changer for virtual production, offering a range
of tools and techniques for creating immersive and interactive experiences for
film, television, and gaming. In virtual production, XR can be used to create
virtual environments that are indistinguishable from real-life, allowing filmmak-
ers to create anything they can imagine. Virtual production techniques that use
XR technology can indeed create opportunities for new forms of serious gaming.
Whether it’s in the areas of training, education, or entertainment, the use of
XR technology can enhance the immersive and realistic experience of the player,
leading to more effective and engaging gameplay.

Acknowledgments. This publication has emanated from research conducted with
the financial support of Science Foundation Ireland (SFI) under Grant Number
15/RP/2776 and the Horizon Europe Framework Program (HORIZON), under grant
agreement 101070109. The volumetric video content for the music video was generated
by Volograms (www.volograms.com). More information about New Pagans and their
music can be found at www.newpagans.com.
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Abstract. This paper outlines the design and development of a stealth game that
appears to be about solving puzzles to achieve a launch from a space station, but
in addition presents a number of unfair situations to cause reflection about and
promote awareness of racial bias. 16 teens ages 13–14 played the game and took
part in a follow-up workshop to talk through their gameplay. This combination of
a serious game followed by workshop discussion led to significant differences in
both the consideration of “hurt” toward gameplay characters, and in awareness of
racial privilege as measured by the Color-Blind Racial Attitudes Scale.

Keywords: serious game · stealth game · racial bias · racial privilege

1 Introduction

Race, ethnicity and ancestry are part of all our backgrounds, yet societies may not give
the same privilege and opportunities equally across all groups. Our differences along
these lines can be difficult to talk about [1]. Being aware of microaggressions and other
hurts that are not distributed evenly can foster empathy and compassion between groups.
Such positive action, if taken with our youth, may help to counter hateful actions that
permeate our news. For example, in the United States an analysis of hate crime victims
of single bias incidents in 2021 showed over 64% were due to race/ethnicity/ancestry
[2]. How can we get teens ages 13–14 to think about and talk about race, when such
discussions are often avoided or trigger an immediate socio-political reaction before the
argument is even stated? This paper discusses a stealth game, “Power Core Values”,
designed for teens as a “fix the spaceship” game but offering a springboard into much
deeper discussion about racial bias and privilege.

The target demographic of eighth grade, ages 13–14, was chosen because it is an
age when the teens can understand the issues and immediately precedes the American
high school years when many school districts move their students into another building.
Getting students to think through empathetically the hurts distributed amongst their peers
can lead to an improved high school climate for all. Educators suggest that there should
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be opportunity given to this age group to talk about race [3, 4]. This paper presents the
design, development, and delivery of a game and workshop to promote such discussion.

The design direction is that of a stealth persuasive game, one that uses an embedded
approach for “circumventing a player’s psychological defenses and triggering a more
receptive mindset” [5]. It is a basic human tendency to resist persuasive communica-
tions that are perceived as too forceful or forthright in their intentions, as argued in [6]
with evidence from social psychological theory. These authors continue that another
psychological barrier for persuasion and play, especially when dealing with sensitive
behaviors of stereotypes and prejudice, is the bias blind spot: the acknowledgment that
biases exist but the denial or minimization of one’s own susceptibility to those biases.
So, “persuasive games may fail to engage players or are unable to immerse players in
a transformative experience, due to normal psychological human reactions to overtly
‘message-driven’ interventions” [6]. The design of “Power Core Values” uses the sug-
gested stealthier approach in presenting a message about racial injustice, taking these
authors’ approach to addressing the topic in a more nuanced, less direct fashion.

2 Core Values, A Role Play Game

Five graduate students (second through sixth co-authors on this paper) designed and
created a Unity WebGL game for desktop browsers titled “Power Core Values”, with
a development blog and the game link and workshop teacher’s guide available on their
project website [7]. The game only requires mouse clicks and arrow keys for interaction,
with the general premise being that you are the captain of a spaceship needing repair
and you land at a space station to get assistance. Your Robot Companion (R.C.) is with
you to assist, and the puzzles surrounding the broken spaceship as shown in Fig. 1 are
the driving premise for the game. You cannot fix the spaceship, i.e., solve the puzzles,
without help from the engineers on the space station, and you navigate through various
environments to find help.

The goal of the game is to pursue help to solve the puzzles to lead to the fixed state
shown in Fig. 2. Success is only possible by getting two different engineers, Nanoi and
Zun, to come into the spaceship to solve its puzzles with you. Finding and soliciting
their help gets the player to witness environmental settings and other narratives in the
space station. Players can trigger additional information related to environmental assets
like signs, and can initiate conversations with the non-playable characters through talk
bubble clicks (Fig. 3). Such encounters fuel discussion for a follow-up workshop that
surface injustices in the game’s world, connecting them to racial bias and racial privilege
topics. This game plus workshop for skills transfer follows published advice to tie the
learning from a serious game to other contexts through post-game discussion [8].

The space station is populated by two racial/ethnic groups: pink characters and purple
characters. Nanoi is a pink character, Zun is purple. In all other aspects (e.g., body shape,
gender) these two are the same – the difference expressed in character art and characters
in the environment is meant to foster discussion focused on skin tone rather than other
attributes. The pink group has privilege in representation and status, a majoritized group
in the space station, while the purple group is marginalized. Illustrated discussion from
the pilot study will make this dichotomy clearer.
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Fig. 1. Early scene in “Power Core Values”: you as the Captain, plus R.C., with numerous
subsystems (puzzles) keeping your ship in a broken state in the space station dock.

Fig. 2. Success in “Power CoreValues”: you as the Captainwith your repaired ship, accomplished
with earlier help from Nanoi and from later help with Zun (shown here).

The workshop was designed with help from subject matter experts in eighth grade
education and racial bias. As the game is a 15 to 20-min experience, the workshop was
designed to take 30–40min so that the educational session of game plus workshopwould
fit within an hour. The language used is appropriate for 13 to 14-year olds. For example,
the opening activity asks what the point of “Power Core Values” is, in part to surface its
stealth nature. The next activity derives from advice on how to teach microaggressions
indirectly [4]. Subsequent activities push into R.C. as a prominent character making
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Fig. 3. Player can click on environment triggers and non-playable character (NPC) triggers to
further interact with people and objects in the space station.

many biased remarks, and inviting in discussion on any topic tied to an environmental
or non-playable character (NPC) encounter.

A teacher’s guide for running the workshop is shared along with the game link at the
project website [7] for others wishing to play the game and run the workshop with their
after-school clubs or classes. This paper presents the results from the first pilot study
investigating whether the game and workshop can foster awareness and change in its
players.

3 Pilot Study

3.1 Subjects and Procedure

Eighth graders from one racially diverse school district in the Pittsburgh, PA USA area
were recruited by their teachers to participate in a field trip for a “game plus workshop”
study held at the local university. 17 students signed on, but one was absent for the day of
the event, leaving 16 subjects. The subjects were given a paper pre-intervention survey to
fill out before the event, which also included demographic questions on race and gender.
They played the game within an approximate 20-min window, and then participated in
a 30-min workshop facilitated by the first author. They concluded by filling out a post-
intervention paper survey, the same one they filled out to start the study. Their gameplay
actions were tracked using Unity Analytics. Consents for this study, including workshop
participation, the surveys, and game tracking, were received from parents/guardians in
advance of any subject action. The study received university Institute Review Board
approval before any recruitment.

The self-reported demographics for the subjects were 9 male, 5 female, and 2 non-
binary/third gender; 8 White, 4 Mixed Race, 3 Black, and 1 Asian. Two players did
not bring their paper pre-intervention survey, and had to start the session by first doing
the survey and then played faster through the game, in a 9-min window rather than 20-
min window. Future studies will likely present the survey instruments electronically and
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require them in advance of the game to sidestep this issue. Fourteen players followed
the instructions and did the pre-intervention survey in advance.

Along with the two demographic questions, the survey presented Likert scale ques-
tions covering the short-formColor-Blind Racial Attitudes Scale (CoBRAS) appropriate
for American students, 20 questions across three factors [9], rated from strongly disagree
(1) to strongly agree (5):

1. Unawareness of Racial Privilege
2. Unawareness of Institutional Discrimination
3. Unawareness to Blatant Racial Issues

One change was made to the scales: they were adjusted to be five point instead of
six points to match other scales in the survey. The expectation was that the game-plus-
workshop may show change in the subjects on Factor 1, as that was covered in the
environment and NPC interactions (see Fig. 3). A short nine to twenty-minute game
experience may not be deep enough to get into many examples of institutional discrim-
ination, and “blatant” racial issues may be more challenging to design into a stealth
game. We concentrated on delivering an experience and teaching moments regarding
racial privilege. The seven questions for the Unawareness of Racial Privilege factor are
as follows (the full 20 questions are discussed in [9]), with all but (a) reverse-scored
(i.e., strongly disagree becomes 5, disagree 4, …, strongly agree 1):

a) Everyone who works hard, no matter what race they are, has an equal chance to
become rich.

b) Race plays a major role in the type of social services (such as type of health care or
day care) that people receive in the U.S.

c) Race is very important in determining who is successful and who is not.
d) Racial and ethnic minorities do not have the same opportunities as White people in

the U.S.
e) White people in the U.S. have certain advantages because of the color of their skin.
f) White people are more to blame for racial discrimination in the U.S. than racial and

ethnic minorities.
g) Race plays an important role in who gets sent to prison.

The survey instrument also included the Multigroup Ethnic Identity Measure
(MEIM) [10] (12 scales), the Toronto Empathy Questionnaire [11] (16 scales), and
these four perceived racial discrimination questions:

• During your life, how often have you felt that you were treated badly or unfairly in
school because of your race or ethnicity?

• Did you witness anyone being treated badly or unfairly in school because of their
race or ethnicity?

• During the past 6 months, how true is the following: People said mean or rude things
about me because of my race or ethnic group.

• During the past 6 months, how true is the following: People cracked jokes about
people of my race or ethnic group online, on TV, or in the newspaper.

All subjects were able to finish the paper survey instrument in under 10 min.
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3.2 Playing the Game

Subjects played the game in the same computer lab, but with each subject sitting with
their own desktop computer, screen, and mouse. Each subject entered a unique ID to
start the game which was captured in the game action metrics. Subjects were told to
take as long as they wanted in the game, but two knew they had less time to play (given
they did not do their pre-intervention survey ahead of time). The two playing quickly
finished in their nine-minute window. The other fourteen played a minimum time of
10:47, maximum 21:18, and average 15:39 with the game. Referring to Fig. 3 and the
optional activities, subjects triggered side characters (NPCs) an average of 7.7 times
(8.1 if you only consider the 14 subjects with the full game play time), and clicked the
environment triggers an average of 3.4 times (3.9 for the 14) a game session. The NPCs
were more popular game action targets than the environmental assets.

The main gameplay is dialogue interactions with the main characters R.C., Nanoi,
and Zun, as well as those initiated with other NPCs. There was an average of 71 dialogue
interactions per game session (73 for the 14 subjects with ample time). All 16 players
fixed their spaceship (Fig. 2) and won the game.

3.3 Post-Game Workshop

The workshop was conducted in the same computer lab where the subjects just finished
playing the game. The facilitator opened with the prompt to briefly describe the game, in
a sentence or so. The voiced comments stated and reinforced the statement that this was
a game about fixing a spaceship (Figs. 1 and 2). When asked to raise hands about what
this game was, all agreed to this statement and suggested nothing further. This confirms
the design choice to make this a stealth game: at its face it appears to be a puzzle game
about fixing a spaceship.

That opening activity led nicely to discuss the two engineers who were needed to
fix the spaceship, and which had to be interacted with by all players in order to succeed.
Every subject was given two half sheets of paper: one with Nanoi (pink) and one with
Zun (purple) printed on them. The facilitator noted that a slide show will be shown
illustrating situations that can happen in the game, stating “You may or may not have
seen this yourself as you played. For each situation, if you think Zun would be hurt by it,
add a fold to the Zun paper. If you think Nanoi would be hurt, add a fold to Nanoi. If both
are hurt, add a fold to both. If neither are hurt by that situation, add a fold to neither.”
Situations shown to the students included those massed together in Fig. 4, but they were
shown separately rather than in a cluster of four. Sometimes, one illustration (slide) was
talked about to present a number of situations. The verb “hurt” is intentionally left vague,
i.e., to the student’s judgment, to lead into further discussion.

The results were dramatic, as shown in Fig. 5 and discussed further in the results
section. Across all 16 players, there were only 6 Nanoi folds to indicate a “hurt” to Nanoi
versus 109 for Zun, an average of 0.38 versus 6.81.

The workshop facilitator continued with the procedure outlined in [4] for teaching
microaggressions and support networks. Subjects were asked to smooth the cards out as
best they can. The facilitator noted: “The creases in the paper are the hurts a character
experiences when they are subjected to bias. Smoothing the paper out represents actions
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Fig. 4. Four of the slides used to illustrate situations to the subjects in the workshop. From upper
left and in clockwise order, situations were (1) Founder’s Day poster; Customer Service Rep
referring you to Nanoi instead of the closer Zun; (2) R.C. stating that Zun cannot be trusted based
on its programming; (3) 100 Greatest Innovators poster being all pink; parents discussing their
kids’ different college acceptance outcomes; poster of Galaxy Center Tech; Commercial District
having resources including lighting and plants; (4) Side District having a purple Bot Enthusiast;
Side District having lights that don’t work and less lighting and maintenance;.

we can take to address racial bias in our life and our communities. Smoothing the paper
represents the help we can get from support networks like parents and friends. These
actions can help heal some of that hurt, but the hurt doesn’t go away completely.”

Every student’s card set may have a different number of folds, as hurt can mean
different things to different people. But the consistent message regarding the difference
in hurt between Zun and Nanoi is picked up on by the subject group: something else is
problematic in the space station besides the broken space ship. The audience became
engaged to discuss more, in part because the tactile nature of this folding activity using
the characters from the game surfaced the stealth messaging: pink and purple people are
not treated the same nor have the same privilege on the space station.

For this particular group, asking “who are you” as a prompt elicited a response of “the
person in the space suit” (e.g., see Fig. 1). What if you are pink?What if you are purple?
Such extra prompts caused reflection but not much else with this pilot group. Showing
an image of R.C. prompted a raucous outburst of “R.C. is racist!” R.C. repeatedly rejects
Zun as an engineering resource in favor of Nanoi at first, and then in favor of giving up
(see Fig. 6).

This led into a fruitful discussion ofwhy is R.C. that way, where did his programming
come from, the data for that programming, issues of representational bias, data bias, and
artificial intelligence (AI) bias. The facilitator took that discussion into the suggested
teacher guide activity of what might R.C. stand for – Reality Controller? What might a
Reality Controller be? News and social media were mentioned, as were family groups
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Fig. 5. Outcome of the folding activity where 16 subjects folded neither, one, or both of Nanoi
(left) and Zun (right) when they would be “hurt” by a presented situation.

Fig. 6. R.C. tells the player, again, not to use Zun to fix the spaceship. Such skewed dialogue
becomes the source material to launch into discussion about racial bias.

of different generations, and this deepened the discussion about sources of information
and potential bias. Dialog strands within the game, such as R.C. stating “My creators
programmedme to take in data to build profiles of people. I then use these profiles to give
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recommendations to my user on people that are most likely to be qualified” contributed
to the workshop discussion.

The subjects were invited in to bring up other characters they would like to talk
about, with Fig. 7 showing that set of options. There also was the environment itself,
with differences between the Side District populated by more purple people and the
more resourced Main Commercial District being the input for discussion.

Fig. 7. Characters in the game with dialogue and actions that could be discussed further during
the workshop to surface more conversation about race and racial bias.

The concluding remarks to the workshop bring back Nanoi and Zun, their skill sets,
environments, and other context from the game. Figure 8 shows again that Nanoi in the
well-resourced main area gets a review/ratings board, which in turn could lead to an AI
model promoting Nanoi to be recommended as qualified. Zun is in a less resourced area
with no such board, perhaps no way to easily get or share reviews, and without that is
perhaps left unevaluated and hence never recommended as qualified from a system like
R.C. The subjects conclude that their game was more than just fixing their spaceship,
but also revealed a space station with other problems.

4 More Results and Discussion

4.1 Surveys

An analysis of the pre-intervention (before game and workshop) and post-intervention
surveys was conducted, looking for statistically significant results of p < 0.05. The
expectation that there would be a difference in awareness of racial privilege, Factor 1
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Fig. 8. The two engineers, Nanoi (left) and Zun (right), do not share equal resources, potentially
leading to other inequities on the space station.

of CoBRAS [9, 12], was met. The results from the pre-test (M = 24.69, SD = 3.8) and
post-test (M = 22.19, SD = 6.2) Unawareness of Racial Privilege (Factor 1 CoBRAS)
resulted in an improvement in awareness of racial privilege, t(15) = 2.16, p < 0.05. (A
lower number means less unawareness, i.e., greater awareness.) Seeing and discussing
differences in the circumstances of Nanoi and Zun, and between the pink and purple
people of the space station, surfaced awareness of racial privilege. The difference in
“hurt” folds shown in Fig. 5 between Nanoi (M= 0.38, SD= 0.48) and Zun (M= 6.81,
SD = 1.81) was highly significant, t(15) = 14.1, p < 0.0001.

This is only a pilot studywith few subjects, but we still wanted to explore whether the
change in awareness was perhaps isolated to a particular demographic. The improvement
in awareness of racial privilege happened across all the racial groups in our sample:Asian,
Black, Mixed Race, and White – an interesting result that we hope will hold when we
test the game and workshop on larger subject pools. All four showed a decrease in this
measure.

Of the four questions regarding perceived racial discrimination questions, one pro-
duced a significant result. The results from the pre-test (M= 1.69, SD= 0.8) and post-test
(M = 2.06, SD = 1.0) “During your life, how often have you felt that you were treated
badly or unfairly in school because of your race or ethnicity?” resulted in an increase
(Never 1, Rarely 2, Sometimes 3, Most of the Time 4, Always 5) frommid-Never/Rarely
to Rarely, t(15)= -2.42, p< 0.05. Perhaps the exercise of folding in the workshop raised
awareness that microaggressions can be hurtful, too, and led to a broadening in thinking
about unfair treatment. Perhaps it was reflection on the game actions surrounding Nanoi
and Zun. Future studies may include opt-in survey elements to deepen the understanding
as to why some of these changes occurred after the game-plus-workshop intervention.
As with the CoBRAS result, the change was evident across the different racial group
subsets and not a result caused by just a subset of the subjects’ racial groups.

There were no significant results from the Toronto Empathy Questionnaire (TEQ).
In retrospect, the TEQ was designed with data from college-age students [11] and there
are recommendations to use it with ages 16+ [13]. Our subjects were younger, ages
13–14. Hence, the language used and situations described might not have fit the younger
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audience or been interpreted properly by them, e.g., one of the TEQ scales asked a rating
for “Other people’s misfortunes do not disturb me a great deal” which is a challenge to
parse. A different empathy survey instrument appropriate for teens will be sought out
for future work to measure whether there is any change in empathy brought about by
the game-plus-workshop.

The wording for self-reporting race/ethnicity use here was simplified, and that
too could be corrected by future research with this game and workshop. Reporting
race/ethnicity/ancestry is a challenge! Because of simplified wording, the reading of the
Multigroup Ethnic Identity Measure scales was likely made more ambiguous, and there
were no significant results from the MEIM. Subjects may have interpreted the terms
both too narrowly and too broadly, resulting in noise for this measure.

Establishing race/ethnic identity could be improved through suggestions offered at
[14], e.g., starting with an introductory explanation about race/ethnicity and labels that
make sense for that given country, as in “In this country, people come frommany different
countries and cultures, and there are many different words to describe the different
backgrounds or ethnic groups that people come from. Some examples of the names
of ethnic groups are Hispanic or Latino, Black or African American, Asian American,
Chinese, Filipino, American Indian, Mexican American, Caucasian or White, Italian
American, and many others. These questions are about your ethnicity or your ethnic
group and how you feel about it or react to it.” That explanatory text was not present
in this pilot study’s survey instrument, and likely should have been. The same is true
for a simple open-ended fill-in-the-blank label for your own ethnic group, as in “In
terms of ethnic group, I consider myself to be (fill-in-the-blank)” allowing complete
freedom. Further structure for identification can be asked separately with census-like
categorization for ethnicity in additional questions for yourself and your parents (if such
data is known) [14].

There is a call for more clarity of language and markers with respect to
race/ethnicity/ancestry [15], and a recent article notes the challenges of collecting and
reporting race and ethnicity with many U.S. studies defaulting to U.S. census wording,
even though the census is only every 10 years and has political undertones as well [16].
Wewill follow the latest recommendations regarding survey instruments probing further
with respect to racial/ethnic identity in future studies.

4.2 Game Metrics

Game logs show the branching dialogue choices made by all the players. The 16 subjects
could not stop the biasedbehavior ofR.C. in their gameplay, but theydid have the freedom
to respond differently to Zun at the game’s conclusion. They could apologize for R.C.’s
actions in a few ways. They could own up to more responsibility and state “I’m sorry
I didn’t stop R.C. from making those comments earlier” (chosen by 5) or could state
instead “I wanted to apologize about how R.C. treated you” (chosen by 6). They could
also not respond with an apology when asked by Zun “Well, I have to get back. I have
more work to do. Unless there’s anything you need?” Then after the “Well, if you’re sure
that’s all…” prompt from Zun the player can exit without any apology with a simple
“Bye, Zun” (chosen by 5). That latter path results in a wrap-up statement from Zun “I
know that there are things left unsaid between us and that it isn’t easy to begin talking
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about these things.” An apology gets Zun to state “Thank you for your apology. Most
people pretend stuff like that doesn’t happen.” As was done with another stealth game
on racial bias, character dialogue can seed follow-up discussion points on the topic [17].
Subjects are not acting in complete harmony throughout the narrative structure, and that
individual choice leaves room for discussion in the workshop. This example prompts a
discussion on whether to apologize to Zun, and if so apologizing in what way.

With only 16 subjects in this pilot study, there is too little data to drill into subsets
of player actions with respect to survey results, e.g., to see if there are different shifts
in awareness of racial privilege based on how subjects act in this ending opportunity to
apologize. There also is not enough data yet to show trends from past play with large
groups of players: which NPCs were talked with, what environmental triggers clicked,
what choice made with Zun at the end. Showing these trends as part of the workshop
may trigger additional discussion opportunities, much like graphs of player choices did
with the game in [17] to facilitate post-game group discussion. As “Power Core Values”
gets played more, its metrics can fuel further discussion about racial bias awareness.

5 Future Work and Conclusion

“Power Core Values” and its workshop led to dramatic demonstration about the under-
standing of racial bias presented in the narrative text and environmental art of a role-
playingWebGLgame. Players universally recognized significantlymore injustice toward
Zun, the purple engineer character, in this game than toward Nanoi, the pink engineer
character. After this activity and further workshop discussion, the post-intervention sur-
vey instrument showed significant changes about awareness of racial privilege and on
a question related to unfair personal treatment because of race or ethnicity. The stealth
game worked in that the desired social outcomes for the game were achieved: the play-
ers’ eyes were opened to racial injustice in the game’s space station and connected that
out to microaggressions and racial privilege.

There is the challenge of presenting any authenticated questionnaire regarding race
in a pre-intervention surveywith respect to the stealth game approach: the preponderance
of race/ethnicity questions may tune the subject toward the topic at hand. We felt that in
this pilot study, the game played out as a puzzle game first and foremost based on the
participants’ voiced descriptions of what they just did in the workshop opening. We will
consider other experimental designs and options to further investigate the contributions
of survey wording toward results and toward any interference with the designed stealth
game approach.

Future work of course needs to bring in a longitudinal measure: there is an immediate
effect, but are the lessons of Zun and Nanoi held a week or a month later? Does the
awareness of racial privilege hold? Might there be other measures regarding race/ethnic
identity, e.g., affirmation, belonging, and commitment from MEIM, that could register
a significant difference if the subjects were better instructed as to the meaning of these
terms and given more freedom into how to self-identify into a group on such survey
instruments? What remains with the subjects well after the experience is played and the
workshop is run?

The intervention could also be studied: what if only the game were studied without
the workshop. That exercise may be only academic, as subjects stated that “Power Core
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Values”was about fixing a spaceship. The stealth gamewithout the benefit of aworkshop
to drive home pedagogical points maymiss its mark. As noted elsewhere [8], a workshop
after a digital game play can amplify the effect of the game.

The embedded approach to teach topics on race to 13 to 14-year olds shows promise
from this pilot study. This age group may resist such instruction for all the reasons noted
in [5, 6] alongwith difficulties of people (in theUnited States at least) to talk through race
and racial privilege [1, 3]. A stealth game can give players experience in the material,
experience which a follow-up workshop can leverage for activities and discussion that
will surface awareness of racial bias.
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Abstract. Bullying is a global issue that threatens the safety and wellbeing of
children worldwide. While bullying is observed amongst children of all ages, the
behavior peaks at ages 11–14 years. One intervention method is through the use of
games. 23mixed-gender children aged 7–11 years participated in this study, which
examines the impact of Cairdeas Quest, a fantasy serious game, on increasing bul-
lying awareness and how to respond in different bullying situations. Through an
analysis of gameplay metrics, the results show that Cairdeas Quest positively
impacted the identification of bullying/cyberbullying and the selection of appro-
priate responses in various bullying situations. All participants correctly selected
the defender role in response to bullying and indirect cyberbullying in the hallway
and bedroom scenes. However, the main issue concerned how to respond to verbal
bullying in a classroom. In general, female players were more empathic than their
male peers in different bullying/cyberbullying situations and were more likely to
adopt the defender role.Meanwhile, a greater level of improvement was evidenced
in the male players after playing Cairdeas Quest. This is a positive outcome as
boys are more likely to adopt the bully perpetrator and bystander roles.

Keywords: Bullying · defender role · children

1 Introduction

Bullying is a serious issue faced by many children across the world and is regarded by
the WHO as a major health problem [1]. Between 40 and 55% of students worldwide
have been involved in some form of bullying [2]. Victims of bullying can experience neg-
ative mental health effects including depression and anxiety; they are also at increased
risk of self-harm, suicide, suicide ideation and lower academic achievement [2–5]. Bul-
lying has been defined as “aggressive, intentional acts carried out by a group or an
individual repeatedly and over time against a victim who cannot easily defend him or
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herself” (p. 241) [6]. Bullying is a group phenomenon, consisting of a perpetrator, vic-
tim, bystander, and bully-victim [7]. Bystanders make up the majority of the bullying
group and can be categorised as; assistant (to the bully), reinforcer, defender and out-
sider [8–10]. Negative bystander behavior is demonstrated by explicitly supporting the
perpetrator through joining in the bullying behavior (assistants) or giving the perpetra-
tor social rewards through laughter (reinforcers) [11, 12]. In general, outsiders/passive
bystanders tend to stay quiet and not intervene [7, 8, 11] while defenders tend to display
positive bystander behavior by aiding the victim e.g. confronting the perpetrator [13].
The negative bystander behavior displayed by assistants, reinforcers and outsiders can
cause the bullying to be repeated [7]. Bully-victims are a distinct group who typically
have experienced both the perpetrator and victim roles. Perpetrators and bystanders of
bullying commonly experience depression and suicide ideation [10, 14]. Studies show
that: more boys than girls tend to adopt bullying roles [15], more girls take on defender
roles and more boys adopt reinforce roles [16].

Cyberbullying is a distinct form of bullying which takes place via technology [17].
It has increased in prevalence due to the widespread use of technology among the Gen-
eration Z cohort [2, 18, 19]. Cyberbullying is defined as “using information and com-
munication technologies (ICT) to repeatedly and intentionally harm, harass, hurt and/or
embarrass a target” (p. 359)[20]. Direct/private cyberbullying can include email and
direct messages [21]. In indirect or public cyberbullying, perpetrators typically post
the offending material in public spaces which are more visible to a wider audience
[20]. Unlike traditional bullying, cyberbullying perpetrators can easily hide their iden-
tity, thus making it more difficult for victims to defend themselves [20]. The effects of
cyberbullying can often be more insidious than traditional bullying and affect all areas
of a victim’s life, potentially leading to psychological stress, physical harm, suicide
ideation and/or suicide [22]. The perpetrator, victim, bystander and bully-victim roles
also occur in cyberbullying [13]. While not conclusive, studies show that girls have a
greater likelihood of being cyber victims [16]. Bullying and cyberbullying interventions
help to protect children’s rights and health [2]. Interventions can include: awareness
campaigns, talks, educational videos and serious games [23]. With the goals of teach-
ing, augmenting awareness, and effecting behavioral change [24], serious games have
been used successfully in many settings; from dyslexia to dyscalculia [25]. A recent
systematic review of 33 serious games focusing on bullying, outlined a paucity of games
targeting bullying and cyberbullying in more than one setting; scientific tests validating
the games’ findings; and a gender comparison of the results [2].

In this study, 23 children aged 7–11 years played Cairdeas Quest, a fantasy serious
game comprising settings which are most prone to bullying (e.g. locker room, bedroom,
classroom and hallway). The results are analysed through a gender lens. Note: Cairdeas
is the Irish word for friendship.
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2 Cairdeas Quest

The Cairdeas Quest game design process followed the methodology of [26]. This
comprised:

Define the Game Topic and Learning Objectives. Cairdeas Quest addresses bullying
and cyberbullying awareness by teaching children to: (a) distinguish between different
verbal bullying, physical bullying, and cyberbullying in different settings and (b) select
appropriate responses to the bullying behavior. The goal of Cairdeas Quest is to increase
awareness of bullying and reinforce the need for all children, especially boys, to adopt
the defender role in bullying situations especially given the greater likelihood that boys
are bully perpetrators.

Choose an Appropriate Game Genre. The platform genre having fantasy components
was selected for this target audience (Fig. 1). Studies show that games with fantasy com-
ponents are particularly attractive to younger children [26], as they encourage exploratory
behavior [27]. Cairdeas Quest makes use of dragons, parchment scrolls, and fantastical
character attire and landscapes. Malone’s Theory of intrinsically motivating instruction
also contends that fantasy is a core element of motivation [28].

Fig. 1. Platform view 1 & 2.

Create a Story for the Game, Taking into Consideration the Topic, Learning Objectives,
Target Audience andGameGenre. In CairdeasQuest, the game quest narrative concerns
the invasion of the Cairdeas kingdom by bullies. The player is presented with an explicit
objective: assist Davy Dragon (Fig. 2) to stop bullying and collect the stolen kindness
coins which are dispersed throughout the game. A counter in the top left of the game
screen, displays howmany coins have been collected. While traversing the platform, the
player must avoid the purple enemies, called Bully Blobs. If they come in contact with
a Bully Blob (Fig. 3), the player’s character turns red before being bounced backwards.
The player also loses a life. Although the kindness coins and Bully Blobs do not serve
an educational purpose, they are designed to encourage the player to continue playing
and increase their enjoyment, in line with findings by [29, 30].
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Fig. 2. Davy Dragon. Fig. 3. Billy Blob.

Fig. 4. Being transported to the next scene. Fig. 5. Game characters.

Define the Mechanics, Dynamics, and Experience of the Player. Cairdeas Quest was
designed as a one-player game in order to mitigate feelings of anxiety, which, according
to [31] can occur when competing against other players. Cairdeas Quest makes use of
graphics having bright colors to attract younger children [32]. If a player loses their
life after falling off the platform, they are brought to the nearest save point. There are
four save points embedded in the game. These save points are designed so that players
do not need to answer scenario questions which they have already completed. Before
Davy Dragon transports the player to the various bullying/cyberbullying scenes (Fig. 4)
-which studies suggest are where bullying most frequently takes place - the player must
select from six available characters, two of whom were designed with traditionally
feminine characteristics, two with traditionally masculine features and two with gender
non-conforming characteristics. All were created to look like children (Fig. 5). Studies
suggest that avatars that are more ethnically similar to the player are often viewed to
be more trustworthy [33]. In a review of more than 500 games targeting children, less
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than 35% of games contained child characters [34]. In those games that featured child
characters, they were mainly in a supporting role. Cairdeas Quest features the child as
the primary protagonist in the game.

After selecting the player character, Cairdeas Quest tests the player’s knowledge of
how to respond in different bullying scenarios. This requires them to respond to three
statements which focus on a different type of bullying (Table 1) (Fig. 6).

Table 1. Statements.

Statement Bullying situation

S1. I would tell a parent or teacher about a
bully even if they might bully me next if I tell

A bullying situation when the bystander is
concerned they may become the next target.
While bystanders are present in at least 85% of
bullying incidents, they typically defend the
victim in 19% of cases [8]

S2. It’s okay to text funny jokes about the way
a friend looks if the friend doesn’t know

Cyberbullying

S3. It’s okay to push little kids if they are in
your way

Physical bullying. Children who experience
traditional forms of bullying, including
physical bullying, often experience depression
and anxiety as adults [5]

Fig. 6. Statements 1 & 2.

Once gameplay commences, the player is brought to an area where they can jump
from platform to platform collecting kindness coins. Davy Dragon also transports them
to the Forest scene which is both the first and last scene in Cairdeas Quest. The Forest
Scene comprises six bullying scenarios (Table 2) compared to each of the remaining
four scenes which comprises only one scenario.

For each scenario in the Forest scene, the player must identify whether bullying is
occurring. The identification of what constitutes bullying (i.e. bullying awareness) is an
important step in teaching children to combat bullying [35]. In subsequent scenes, the
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player is rewarded with points if they correctly identify bullying else they lose points and
must re-attempt the question. Players are not allowed to proceed with the quest until they
answer the questions correctly. Players are rewarded or penalised with points on their
first attempt only. Once the player has chosen a correct response, they are prompted
to learn more or immediately return to the platform and continue their quest. If they
opt to learn more, they are presented with a short explanation of the bullying being
demonstrated in the scene and the best manner in which to respond. If the player has
more questions, they are directed to reach out to a trusted adult. Telling the bully to stop
and telling an adult are the strongest predictors of a positive outcome to bullying [17].

Table 2. Forest scene bullying scenarios.

Scene Type of bullying Scenario

1 Physical isolation Mike won’t ever let Todd play tag because Todd is in a wheel chair

2 Cyberbullying Jen posts a picture online that calls Mea with a funny picture of her
pets ugly

3 Physical bullying Lisa keeps touching Bri’s hair after Bri asks her to stop

4 Physical bullying Nick pranks Annie every day by putting her book out of reach

5 Verbal bullying Alex tells the whole class that Drew picks his nose, even though it’s
not true

6 No bullying Lea sends you a snapchat

The Hallway (Fig. 7), Bedroom, Locker room and Classroom scenes are designed
to target verbal bullying, physical bullying, and cyberbullying. In these scenes, two
aspects of bullying awareness are targeted: the player’s ability to identify bullying and/or
cyberbullying and their ability to select appropriate responses to this behavior (Table 3).
School hallways are recognised to be one of the places in which bullyingmost frequently
takes place [36].

Fig. 7. Hallway scene.

TheBedroomscene is an example of indirect cyberbullying in the home environment.
This scene also illustrates how bullying can take place without the victim being present
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Table 3. Hallway scene – in person, physical bullying.

Scenario: Dan just pushed Lee in the school hallway

Reaction Bystander type Correct answer

Tell A Teacher Defender Yes

Join the laughter Reinforcer No

Say “That’s not nice!” Defender Yes

[37]. The scenario; ‘Mary and Meg are filming a TikTok with jokes about the way Joe
walks’ comprises a number of reactions illustrating defender and reinforcer roles. TikTok
was chosen due to its popularity among children [38].

Bullying commonly takes place in Locker rooms [36]. In contrast to the Bedroom
scene (in which the cyberbullying is posted to a wider audience via social media), the
Locker room scene offers an example of direct cyberbullying where the cyberbullying
takes place via text messaging and in a school setting. The scenario is ‘You just got a
text from John calling Tom a loser and saying that he should quit the team’. The range
of reactions illustrates; defender, assistant and reinforcer roles. Unlike the previous
scenario-based scenes, there is only one correct answer. This was designed to introduce
an additional challenge as the player progresses. Theuse of challenges is a key component
to Malone’s Theory of Intrinsically Motivating Instruction which contends that varying
challenge within a game increases uncertainty and thereby increases players’ feelings
of efficiency and competence [28, 39, 40].

Bullying incidents also frequently take place in classrooms [36]. In the Classroom
scene, the bully calls the victim names (i.e. in-person verbal bullying). The associated
scenario is; ‘Harry called James stupid. All your friends arewatching but no one is saying
anything’. The range of reactions illustrates; defender, outsider and assistant roles. In
this scenario, the correct answer encourages the player to take up the defender role by
coming to the victim’s aid. When outsiders do not aid the victim, it is generally because
they do not want to be the next victim [7, 8]. However, such behavior can encourage
bullying to continue [16].

The player must select the correct answer in the Hallway, Bedroom, Locker room,
and Classroom scenes before proceeding. They are also required, later in the game, to
repeat the scenes with which they hadmost difficulty. In these repeated scenes, the player
is presented with a slightly different scenario which addresses a similar type of bullying
(Table 4). Repetition is considered to be one of the essential qualities of play from a
child’s perspective [41]. Repetition can also increase player motivation, as players are
more likely to be successful in subsequent gameplay iterations [42].
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Table 4. New scenarios.

Scene New scenario

Hallway Dan just shoved Liam into the lockers

Bedroom Mary and Meg posted a Snapchat story of Joe falling over

Locker room You just got a text from John making fun of Tom’s looks

Classroom Harry just called James a mean name. Your classmates are all laughing

3 Method

3.1 Research Approach

The research for this pilot study adopts a Case Study approach; this allows the researcher
to explore a specific topic for the purpose of understanding a larger issue [43]. An
advantage of the Case Study method is that it supports the use of both qualitative and
quantitative data. In order to confirm the relevance of a research topic, [44] recommends
consulting outside experts. One of the school’s teachers, who has been teaching for
almost 20 years, in addition to a special education teacher and the parents of a child,
provided input into Cairdeas Quest regarding the relevance of the research topic and the
game’s design.

3.2 Research Stages

This pilot study is composed of three stages: (1) a focus group session involving three
children who played a prototype version of the game; the aim was to assess user expe-
rience, (2) 23 children played Cairdeas Quest, and (3) the players completed an end of
game usability survey. Note. All questions were approved in advance by the primary
school teacher and a parent representative.

3.3 Participants

The children who participated in this study attend a mixed gender primary school whose
pupils have diverse socio-economic and cultural backgrounds. After presenting the
Cairdeas Quest game, each child was given a description of the study, outlining its
aims and research approach to bring home to their parents. 23 children’s parents con-
sented to their children’s participation. These children ranged in age from 7–11 years.
This was the selected target age as bullying is more prevalent in primary school children
aged 6–11 than in secondary schools [45]. Of the 23 participants, 14 were boys and 9
were girls. Seven years was chosen as the bottom range of the target player group as
Cairdeas Quest requires children to be able to read and understand the presented bul-
lying scenarios. Cairdeas Quest was designed using vocabulary and sentence structures
at level H in Fountas-Pinnell reading levels [46]. Children aged 7–11 years typically
read between the H and M levels [47]. There was no evidence of bullying/cyberbullying
behaviour (either as victim or perpetrator) amongst the children. Note:All children were
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informed that they could absent themselves from the pilot study at any time [48]. All
data was anonymized.

3.4 Data Collection

Cairdeas Quest comprises; bullying awareness tests (pre and post gameplay), bullying
response gameplay metrics, an end of game usability survey and a focus group ses-
sion, with the former three approaches being directly embedded within the game. Other
gameplay metrics which are collected include; character chosen, number of correct
answers in identification scenes, number of attempts used to correctly answer scenario
scenes, and number of lives collected at game end. Note: the pre-post survey method is
commonly used in evaluating serious games designed for bullying [49]. Furthermore,
tracking in-game choices can help identify whether or not a player is able to apply spe-
cific knowledge to game situations [50]. In compliance with GDPR, all players were
assigned random IDs. Game play data was captured in real time and stored in a Firebase
Real-time Database. Quantitative data was analysed using IBM SPSS V 26 with the
statistical significance being set at p < 0.05. Where qualitative data was provided, its
analysis was primarily at the level of semantic themes. Thematic analysis at the semantic
level is defined as an examination of “…the explicit or surface meanings of the data”
(p. 84)[51].

4 Results

4.1 Stage 1: Focus Group

“Small focus groups are one of the best ways to obtain data from children” (p. 150)[48].
Meanwhile, the use of focus group sessions helps to create “a safe peer environment
for children” (p. 2)[52]. Three children (one boy and two girls aged 9, 8 and 10 years
respectively) played a prototype Cairdeas Quest game. All three children agreed that the
game was easy to use. They reported that they were able to navigate without any help
from adults. All children completed the game. However, one child indicated that “the
names of the characters are too difficult to read” (a female aged 8 years). She reported
that this negatively impacted her enjoyment of Cairdeas Quest. The other two children
said that while they were able to read the names, they thought that they were too difficult
to pronounce. Revisions to the game included altering characters’ names. When asked
about their favorite part of the game, “I like squishing the [Bully Blobs]!” (a girl aged
8 years); “Flying with Davy Dragon” (a boy aged 9 years) and “The Forest Identification
Scene and being challenged to answer as many questions as they could” ( a girl aged
10 years).

4.2 Stage 2: Cairdeas Quest

The Forest scene determines the player’s level of bullying awareness i.e. ability to detect
bullying. Players were required to play the Forest scene twice; once at the beginning of
Cairdeas Quest and again at the end. The results from the pre-bullying awareness test



266 A. Brennan et al.

(i.e. pre-test), and post bullying awareness test (i.e. post-test) are shown in Table 5. The
percentage of correctly answered questions increased from 34.8% to 47.8% (pre-test
to post-test). The average number of correctly answered questions increased from 4.8
questions to 5.8 questions for the male players and 6.7 questions to 7 questions for the
female players. There were 18 additional correct answers after playing Cairdeas Quest.
The Shapiro-Wilk Test for Normality resulted in a pre-test p-value of 0.0006 and a
post-test p-value of 0.0002, thereby indicating that the differences between the pre- and
post-test data are statistically significant from the normal distribution.

Table 5. Pre and post-test results summary.

Average # correct answers Median σ All 8 questions correct

Pre-test 5.52 5 2.08 34.8%

Post-test 6.3 7 2.24 47.8%

In the post-test, 91% (n = 23) of the players performed the same or better than the
pre-test. On average, players experienced a 20.08% increase in score from the pre-test
to the post-test. The male players (n = 14) had 15 additional correct answers compared
to three additional correct answers from the female players (n = 9). Excluding two
players (a boy and a girl both aged 8 years) who saw a reduction in the number of correct
answers after playing Cairdeas Quest; all players increased their score after gameplay.
Meanwhile, in the 8 year age bracket, female players outperformed male players in
bullying awareness both before and after playing Cairdeas Quest (pre-test average of
5.66 Vs 4.9 and post-test average of 6.67 Vs 6.37).

The male players showed the greatest level of improvement overall. Excluding the
two outliers (i.e. a male player aged 8 years who scored 3 and 0 in the pre and post
tests respectively, and a female player aged 8 years who scored 8 and 3 in the pre and
post tests respectively), the results of the Wilcoxon Signed Rank Paired Test showed a
statistical significance in the pre- and post-test data regarding bullying awareness for all
players (p = .0022), male players (p = 0.0) and all players aged 8 years (p = 0.0).

As outlined, prior to gameplay, players are required to answer three statements
designed to evaluate their knowledge of bullying before playing the game (Table 6). The
results from this analysis indicate that before playing Cairdeas Quest, proportionately
more female players (78%) than male players (65%) indicated that they would assume
the defender role.

After playingCairdeasQuest, the gameplaymetrics showed that all players answered
all questions correctly for the Hallway and the Bedroom scenes (i.e. they correctly
selected the defender’s responses to physical bullying and indirect cyberbullying). 91.3%
of players (n= 23) answered the Locker room scene correctly on their first attempt (i.e.
they correctly identified the defender response to direct cyberbullying). However, two
players (a boy and a girl, aged 8 and 11 years respectively) selected the outsider and the
assistant responses to the direct cyberbullying incident in the Locker room scene. Both
of these players answered all other scenes correctly on their first attempt.
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Table 6. Correct answers to the three statements.

Statements Correct answers

Males (n = 14) Females (n = 9)

S1. I would tell a parent or teacher about a bully even if
they might bully me next if I tell

57% 89%

S2. It’s okay to text funny jokes about the way a friend
looks if the friend doesn’t know

71.4% 77.8%

S3. It’s okay to push little kids if they are in your way 78.6% 77.8%

The Classroom scene had the lowest rate of correct answers (i.e. 14% of players
answered incorrectly on their first attempt). Three players (two girls, both aged 10 years,
and one boy aged 8 years) incorrectly identified outsider and assistant responses to the
verbal bullying incident. Of the two outliers from the pre- and post bullying awareness
tests, one male player (aged 8 years) did not identify the correct response to ‘it’s okay
to text funny jokes about the way a friend looks if the friend doesn’t know’, whilst
also performing poorly on how to respond to verbal bullying in a classroom situation.
Meanwhile, a female player (aged 8 years) scored 100% in both the pre-game bullying
response survey and the in-game bullying response survey respectively.

The Shapiro-Wilk Test for Normality resulted in a pre-game bullying response score
p-value< 0.001 and an in-game bully response score p-value< .001, thereby indicating
that the differences between the pre-game bullying response scores and the in-game
bullying response scores are not normally distributed. TheWilcoxon Signed Rank Paired
Test p-value of 0.009 showed that the difference is statistically significant (Table 7).

Table 7. Results of the Wilcoxon Signed Rank test on response to bullying situations.

Group # p-value

All players 23 0.009

Female players only 9 .339

Males players only 14 .014

Players aged 8 years 16 .008

Players aged 7, 9 and 10 years 7 .679

4.3 Stage 3: End of Game Usability Survey

Whilst the number of childrenwho participated in the studywas small (n= 23), this num-
ber exceeds the requirements for preliminary usability testing (i.e. 5)[53]. The usability
survey (activated at the conclusion of Cairdeas Quest) asks the players three mandatory
questions (i.e. Was this game fun? Did you like the dragons and fantasy theme? Did
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this game help you learn more about bullying?) and three optional questions i.e. What
did you like about Cairdeas Quest? What did you dislike about Cairdeas Quest? And
Did you feel represented by your game character?. 100% (n = 23) of the players said
that they enjoyed gameplay. “It’s really awesome” (a girl aged 10 years). 95.6% of the
players indicated that: the game was fun, and that they liked the dragon and the fantasy
theme.When asked if the game helped them learn more about bullying, players said they
liked how, through gameplay; “You learned about how you bully and how to stop it” (a
girl aged 10 years), “It’s like a video game to review bullying which makes it more fun” (a
boy aged 8 years), “Telling what’s better to do when someone is bullying!” (a boy aged
8 years). These findings are in line with [54] who contend that serious games support
players in learning real life skills in a safe place, free from fear of retribution [55]. In
answer to the question regarding what they liked about Cairdeas Quest, the responses
included; “I liked collecting the gold” (a boy aged 8 years), “The dragon” ( a boy aged
8 years), “I liked flying up with a dragon”, (a girl aged 8 years), “The Quest” (a boy aged
8 years), “I liked picking my own character. I liked that there were so many options” (a
girl aged 8 years), “When the dragon came and took me flying”(a boy aged 9 years) and
“I liked answering the questions. I only got one wrong!” (a girl aged 10 years.) When
asked what they disliked about Cairdeas Quest; the two responses were; “It’s too short”
(a boy aged 8 years), and “I wanted more coins” (a girl aged 8 years). Above all, a game
must be usable [56] with an essential component of usability being a reading level that
matches the player’s level of comprehension [57].

Although some female players chose traditionally masculine avatars, no male play-
ers chose traditionally feminine avatars. Indeed, the majority of players chose characters
whose traits aligned with their own gender. In a study of greater than five million avatar
choices, female players demonstrated a stronger preference for similar gender repre-
sentation than their male counterparts [58]. The results from the survey indicated that
participants felt represented by their game character/avatar (100%). This is important as
identification with the selected avatar has a positive effect on enjoyment and flow within
a game [59].

5 Discussion

Studies indicate that girls are equally as likely to experience bullying as boys [4]. The
results of this pilot study showed that the female players tended to be more aware of
and empathic to bullying and cyberbullying situations than their male counterparts.
However, the male players showed greater improvement in bullying awareness after
playing Cairdeas Quest, although they were still slightly below the level of awareness
expressed by the female players. The female players demonstrated greater knowledge
of a correct response to bullying situations in the pre-game bullying response survey.
This is in line with findings from [24]. After playing Cairdeas Quest, both genders
improved in their knowledge of how to respond in bullying situations, with male players
outperforming female players in the in-game bullying response survey. This is a positive
outcome as boys are more likely to adopt the bully perpetrator and bystander roles [15,
16].
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Once the two outliers were excluded from the data, the statistical significance
between the pre- and post-tests showed the effectiveness of Cairdeas Quest as an inter-
vention to improve bullying awareness for all participants (p= 0.002), male players only
(p= 0.0) and all players aged 8 years (p= 0.0). Why Cairdeas Quest was more effective
as a bullying intervention for male players compared to female players warrants further
exploration.

Although bystanders make up the majority of the bullying group and are present in at
least 85% of incidents; slightly less than 20% of youth take on the defender role [8–10].
While the results from this pilot study showed a statistically significant improvement
in the male players and all those aged 8 years concerning how to respond correctly to
various bullying and cyberbullying situations, proportionately more female than male
players (78% versus 65% respectively) indicated that they would assume the defender
role. It is critical to encourage positive defender behavior as studies show that despite
self-reported anti-bullying attitudes, students rarely come to the defense of the bully
victim [11].

Data captured from the end of game usability survey showed that the players reported
that the scenario-based scenes helped them learn more about how to react to different
types of bullying situations should they encounter a similar scenario in real life. A male
player (aged 8 years) noted that bullying was a subject about which they would not
typically want to learn. However, all participants agreed that as Cairdeas Quest made
learning fun, they would be more likely to want to learn about bullying. When asked
what she liked best about Cairdeas Quest, a female player (aged 8 years), noted “It’s like
a video game to review bullying which makes it more fun.” This is in line with findings
from [60] who contend that serious games can positively affect student motivation.

6 Limitations

As with some studies, this study has limitations such as the sample size. While no gener-
alisations can be derived from the accruing results, expanding the study’s scope and the
scale and duration of gameplay will improve the reliability and validity of the findings
in future research. Future refinements to Cairdeas Quest will take into consideration
additional scenes, physical and learning disabilities, race, nationality and/or colour and
socio-economic and migration status; children from such categories are especially vul-
nerable to bullying [4]. The authors also plan to incorporate content related to theOlweus
Bully/Victim Questionnaire into future scenario-based scenes [61].

7 Conclusions

Bullying and cyberbullying are serious issues for children and adolescents and can result
in an increase in adolescent suicide rates, depression, anxiety and academic performance
problems [23, 62]. Children who are victims of traditional bullying typically experience
long-lasting negative effects as adults, from depression and anxiety to suicide ideation
[5]. Furthermore, cyberbullying victims are nearly twice as likely to commit suicide
[22]. Within a school environment, bullying incidents most frequently take place in
the hallway, locker room, classroom, bathroom and/or cafeteria [36]. Bullying is least
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common in classrooms in which the teacher is perceived to strongly disapprove of the
behavior [6].

This study presents the results from a fantasy serious game called Cairdeas Quest,
which addresses bullying and cyberbullying in different settings (i.e. hallway, bedroom,
locker room and classroom). As studies indicate that children are most likely to be
bullied from ages 11–14 years [63], the aim of this pilot study was to evaluate the
efficacy of Cairdeas Quest in enhancing (a) bullying and cyberbullying awareness, (b)
knowledge of an appropriate response, in children aged 7–11 years and (c) encouraging
boys to adopt defender roles. The results from the 23 participants showed statistically
significant positive effects of Cairdeas Quest in increasing bullying awareness. This
positive effectwas evidenced in the players’ ability to identify bullying in various settings
as well as their ability to select appropriate responses to bullying and cyberbullying
scenarios. Despite the results showing the female players to be more empathic than their
male peers, there was a statistically significant improvement in the male players after
playing Cairdeas Quest concerning how to respond correctly to various bullying and
cyberbullying situations. This is important as the greater the number of boys who adopt
a defender role, the less are the chances that bullying will occur [16].

In summary, bullying and cyberbullying intervention programmes which support
the identification and prevention of bullying and cyberbullying are critical given the
prevalence of bullying and the long lasting negative psychosocial and mental health
effects on both the perpetrators and the victims of bullying [64]. However, such games
need to incorporate those settings where bullying and cyberbullying most frequently
take place. Given that so few take on the defender role in a bullying situation, games
which focus on encouraging the adoption of this role especially for boys are critical.
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Abstract. Through simulated experiences, RPGs aid children’s explo-
ration of issues, but their design can be labor-intensive. In our recent
Academy Camp, children rapidly created, played, and reflected on their
own RPGs using a large language model (GPT-4) for topics in which they
were interested. This fast-paced, cyclical process has a double impact on
children’s comprehension of social issues: first through game design, then
through game play. We anticipate further applications for this method.
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1 Introduction

Role-playing games (RPGs) can promote critical thinking and deeper compre-
hension of complex issues [5]. However, their creation is often time-consuming
and (especially for video games) labor-intensive, which can limit their utility in
learning, particularly if we want children involved in creation of such games.

Meanwhile, the recent advent of large language models (LLMs) [16], such
as GPT-4 [15], offers a way to automate complex intellectual tasks through a
technique called prompt engineering [4].

In this paper, we discuss a case study from our recent activity of Academy
Camp [17], a non-profit science camp. Using ChatGPT [14], children created
their own tabletop RPGs (TRPGs) [5] as serious games on social issues they were
interested in, played them, and reflected on their experiences, thus enhancing
their learning engagement with these topics.

The primary goals of this work are as follows:

1. We illustrate the potential of LLMs, specifically GPT-4, in simplifying and
accelerating the design process of serious games in the form of TRPGs.
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2. We demonstrate, through our case study, how this method can be applied in a
practical learning setting, thereby providing a model for similar applications.

3. We explain the double impact of our approach, which would foster children’s
understanding of social issues through both game design and game play.

2 Background

2.1 Role-Playing and Serious Games

Role-playing enhances experiential learning by temporarily disconnecting learn-
ers from their daily routines and placing them in new roles and situations.
Its diverse applications include acquiring general scientific knowledge [1] and
thinking about concrete social issues such as animal transgenesis [18] or world
hunger [11]. Computer software for such purposes have also been developed, such
as an RPG to introduce archaeology to elementary school children [9].

These examples (especially those explicitly designed as games) can fall into
the category of serious games in the broadest sense, whose primary purpose
is not entertainment, but often is training or learning. Storytelling has been
used as an effective tool for learning, but a game is not a representation of a
set narrative, but is a device or interactive machine for the player to actively
generate a story per play [7]. Learning from games means that we learn through
weaving our own narratives, which is a constructionistic [10] activity in nature.

This characteristic of a game in which the player themselves spin the story
is most noticeable in RPGs. It is even more so in tabletop RPGs (TRPGs), also
known as pen-and-paper RPGs, where the game master (GM) having access to
the scenario and the rest of players playing by their character sheets weave a
narrative together imaginatively per play. The value of TRPGs in learning is
explored in [5], and our approach is related in that context.

2.2 Large Language Models and Prompt Engineering

LLMs can generate human-like text by predicting language patterns based on
vast amounts of data on which they have been trained [16]. Generative Pre-
trained Transformers, GPT-3.5 and GPT-4 (the latter shows significant improve-
ments) are LLMs developed by OpenAI [15]. These models have recently become
especially popular because they are now offered in a chat interface called Chat-
GPT [14]. They can generate coherent and contextually relevant text, given an
appropriate prompt (but it is just predicting possible text, which is often not
factual). This process, known as prompt engineering [4], involves crafting input
prompts to guide the model’s output.

We have been letting children use ChatGPT in Academy Camp since January
2023. With GPT, children created picture books and thought of ways to make
the VRChat [19] worlds they created more fun to play in. In March, we generated
and played TRPGs according to the method described in a blog post [8]. In the
process, we devised with the children the following three principles for using
GPT by soliciting them from children.
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Fig. 1. Our template (ver 1.0) for serious RPG generation prompt based on [8].

1. You don’t ask GPT for knowledge you don’t have (and can’t determine
if what GPT has given you is correct).

2. You communicate in a way that is communicated to GPT.
3. You don’t care about minor errors in what GPT comes up with.

The reason for establishing the first principle is because GPT only predicts
the occurrence of words based on probability distribution, and is not composing
based on accurate knowledge. If the children ask GPT about something they
don’t know, they won’t be able to judge whether the answer is valid. The reason
for the second principle is that if you ask in a vague way, it’s harder to get
the output you want, and in Japanese, you need to devise ways like using more
kanji (ideograph) than when dealing with humans. The reason for establishing
the third principle is because if you worry about small errors in the output, you
might miss opportunities to use GPT effectively as a tool.

3 Children’s Serious RPG Production with ChatGPT

Our method applies some modifications to a fantasy TRPG generation prompt
for a single player, published in a blog post [8] and made available for use
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and adaptation. Figure 1 shows our template for the serious RPG generation
prompt1.

Game conception
Prompt

Engineering
Game play

Theme?
Situation?

Message? Other constraints?

Prototyping cycle

Reflection cycle

How do I react?

Quest?
Who am I?

Goal?

Fig. 2. Serious RPG state machine.

We found that another blog post [13] explains how to generate more authentic
TRPGs, but for our purposes, the former is sufficient. The latter allows for multi-
human players, but it is also fun to have a group of people play together as a
single player, in which case they can also learn from one another easily. That is
the method we employed at the camp.

Figure 2 shows, as a state machine, how we use our template for the prompt.
The state machine brings a different experience for each run, suggesting that it is
like a game in and of itself. In our practice, we used the chat interface of ChatGPT
directly, as we did not have access to the GPT-4 API at the time. The children
decide what social issues the game will represent and what message they want to
convey through the game. They then imagine a TRPG scenario, specifying where
the game will begin, what the quest will be, what the goal will be, and adding
various constraints. These parameters are entered into ChatGPT as a prompt, and
the game begins. The player does not play according to a predetermined scenario,
but rather improvises with the GPT, which reacts in a manner appropriate to the
given situation by predicting the next plausible words.

The expected effects of this approach are two-fold: 1) the impact of game
design, where children think critically about how to represent the social issue at
hand within the constraints of the game, thereby enhancing their understanding
of the topic, and 2) the impact of game play, where children see the consequences
of different actions and decisions, fostering empathy and insight.

1 All prompts (and their excerpts) appearing in this paper were originally written in
Japanese and translated into English by GPT-4 (and then fine-tuned), in the hope
that it would be consistent with the GPT-4’s interpretation of the prompts.
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Table 1. List of created serious RPGs.

ID Theme of the Game Date #Q∗ #R∗ Player Age Group

#1 Anti-terrorist measures 4 12 9 0 A50

#2 Elimination of national disparities 4 27 5 3 A20

#3 Protection of orangutan habitats 4 27 7 5 A20

#4 Tokyo disaster prevention plan 5 3 (7) 0 all

#5 Reducing food loss in Japan 5 3 (11) 0 U15+all

#6 Bringing water to depleted areas 5 4 (5) 2 U15+all

#7 Food shortage countermeasures 5 4 6 5 U12+all

#8 Cause the ocean to dry up 5 5 17 11 U15,U15,U12+A20,A20

#9 Control the weather 5 5 7 0 U15,U15,U12+A20,A20

#10 Make homework abolished 5 5 7 4 U15,U15,U15,U12+A20
∗ #Q: Number of queries to ChatGPT (GPT-4) in the game play.
• The number in parentheses indicates that the play was not finished.
∗ #R: Number of dice rolls during the game play

4 Case Study: Academy Camp VR and RPG 2023.5

Our camp in May 2023, named Academy Camp VR2&RPG 2023.5 “Don’t Be
So Serious”, held in the format of two-day online and two-day physical, was
where we experimented with our proposed method. The overall number of par-
ticipants was ten, from 3rd to 10th graders, with considerable overlap with past
participants in our activities with ChatGPT.

Table 1 is a list of serious RPGs we generated and played during the event:
#1∼3 during the preliminary sessions, #4∼7 during the online part, and #8∼10
during the physical part. In the table and thereafter, U12 refers to children 12
years old and younger, U15 refers to children between 13 and 15 years old, and
A20 refers to adults in their 20 s. Likewise, A30 (absent), A40 (not appearing in
the table but are among all), and A50 denote adults in their 30 s, 40 s and 50 s,
respectively. A20 staff members worked directly with the children and helped
creating game prompts. A40 and above were responsible for camp management;
one of the A50s was responsible for camp direction (the first author of this
paper). The left side of ‘+’ indicates the players who generated and played the
game, and the right side indicates the people who helped it.

In the physical part of the camp, the children were divided into three groups
to create games, with one graduate student in each group among helping A20s.
On the last day (May 6), we reviewed and improved games #8∼10.

2 The VR part, prepared as a breather where everyone plays in VRChat and
Minecraft [12], is not directly related to the content of this paper, hence the descrip-
tion is omitted.
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4.1 Preliminary Trials

Prior to the camp, we conducted several preliminary trials to test the feasibility
and effectiveness of our approach.

Fig. 3. Excerpt from the prompt for #1: Anti-terrorist measures.

The first author generated and played a solo TRPG on the subject of coun-
tering terrorism (Fig. 3), paying homage to “September 12th” [6] video game.
The game began with the player’s superior officer (NPC) asking for countermea-
sures against terrorists in Area B. When the player told the officer that they3

would bomb the area with a drone, the officer rejected the idea, saying it would
lead to civilian damage and terrorist proliferation, forcing the player to seriously
consider countermeasures. The player explored the reality, values, and desires
of the terrorists and succeeded in resolving the problem peacefully while publi-
cizing the message that the government will not give in to violence. This first
example convinced us that ChatGPT could be used to generate and play serious
RPGs.

Fig. 4. Excerpt from the prompt for #2: Elimination of national disparities.

We then held a workshop at a later date with two A20 participants (one
of whom is a graduate student) facilitated by the first author, in which we
simulated the procedure we would proceed with children in the camp. One of the
participants generated and played a game on national disparities in income and

3 Throughout this paper, the singular they is used to obscure gender.
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Fig. 5. Excerpt from the prompt for #3: Protection of orangutan habitats.

medication (Fig. 4). The other generated and played a game on environmental
protection of orangutan habitats (Fig. 5). For reasons of space limitations, we
do not discuss how the games went. Through the workshop, we found that even
A20s with certain analytical thinking skills have difficulty in deciding on the
concrete and effective situations to communicate their themes and messages. We
realized that we needed to take steps to familiarize players with storytelling.

4.2 Online Part of the Camp

On the first day of the camp, to give the participants a taste of storytelling, we
decided to first generate and play a single RPG together.

Fig. 6. Excerpt from the prompt for #4: Tokyo disaster prevention plan.

The first author proposed to make it a Tokyo disaster prevention game
(Fig. 6), as we were going to hold the physical part of the camp in Tokyo. Then
we asked if everyone knew what the Governor does and what their policies are
on disaster prevention. We suggested that if they didn’t know, they would have
to look it up to find out, and that is how we start to think about a game.

We wrote a prompt depicting a situation appropriate for the Governor of
Tokyo to implement disaster prevention measures. When the player (all of us)
was asked by the Governor to assist in the planning of the measures, we initially
requested that (by a suggestion from a U12) our sense of smell (our chosen
special skill) be utilized by appointing us to be in charge of getting to the scene
quickly. In response, the governor praised the idea and promised to make the
appointment, but urged us to work together on disaster prevention measures for
now, as there is a wide range of things that need to be done4. We decided to

4 As was the case in game #1, the GPT-4 GM appears to have a guardian mechanism
in place to get the story back on track without hurting people.
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start with evacuation drills and information provision to citizens. Since time for
the session was limited, we stopped this play in the middle.

Following this initial trial, each participant had the opportunity to devise
prompts for their own serious RPGs using an online whiteboard. Some of these
prompts were selected for game play5 during the online portion of the camp.

Fig. 7. Excerpt from the prompt for #5: Reducing food loss in Japan.

The first one selected focused on reduction of food loss, where the U15 player
role-played as the Prime Minister of Japan (Fig. 7). The player first called the
Chief Cabinet Secretary (NPC) to understand the current status of food loss
in the country. Then the player asked the NPC to give five ideas for reducing
food loss, including reducing production of food. While the NPC gave progress
reports on the implementation of the measures, the player as the prime minister
continued to propose new policies on the spur of the moment and asked for the
opinion of the NPC. We also stopped this game halfway through.

This is where the first day’s tries ended. As a point of reflection, an A50 staff
pointed out that we may have tried to solve issues too seriously. An A20 staff
also commented that there may be too much text, and that it is not game-like
to just follow the text.

With these in mind, at the beginning of the second day of the camp, we
advised the participants to sprinkle an inappropriate flavor on their games, like
the “September 12th” video game. We kept saying “don’t be so serious”, which
is also the title of the camp. We emphasized that serious games are different
from mere simulations, and that their secondary purpose is to be entertaining.

We then picked and played a well-researched prompt (Fig. 8) by a U15,
focused on water supply, where the player took on the unique role of water
itself (the player’s special skill was to become water when they touched it). The
player first called friends from the water department, and instructed them to
think about how to produce water without destroying nature. The NPCs came
up with three suggestions, among which the player decided to utilize rainwater
and groundwater, and to consider a desalination plant in the long term. Then
the player became water themselves and looked for a groundwater pathway. We
also stopped this game midway through due to time constraints.

5 Since our access to GPT-4 was limited, we played one game at a time through a
shared screen throughout the camp.
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Fig. 8. Excerpt from the prompt for #6: Bringing water to depleted areas.

Fig. 9. Excerpt from the prompt for #7: Food shortage countermeasures.

In the next game (Fig. 9), a U12 player first shrunk to 1
8 size representing

limited food availability, and then went hunting for dangerous animals. The
video conference erupted in laughter when someone pointed out, “Shouldn’t the
order be the other way around?” Their successful bear hunt brought food to
the village. (The representation of poverty through body size can serve as an
allegory for globalization’s effects, which we later discussed with the children at
the camp.).

4.3 Physical Camp

At the physical camp, ten participants split into three groups. Each developed
and played a game on their chosen topic within about two and a half hours.

The first group’s game underscored ocean importance via quests depicting
its depletion (Fig. 10). Players allied with a lion to overcome a fish-people leader
and a water-controlling king. Despite ChatGPT’s slow responses and a lengthy
campaign against the Four Heavenly Kings, the game finally concluded when
players sought coexistence with the fish people instead of drying up the sea6.

6 We suspected at this time that there was an ethical mechanism embedded in GPT-4
that did not want a situation where it would deplete the oceans.
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Fig. 10. Excerpt from the prompt for #8: Cause the ocean to dry up.

Fig. 11. Excerpt from the prompt for #9: Control the weather.

In the second group’s game, players navigated the water cycle by manipu-
lating weather impacting a town (Fig. 11). Despite potential harm to the rice
paddies, players allowed the rain to fall, causing resident anxiety. The weather
fluctuated during a festival, but players refrained from intervention. The game
concluded when the GM announced fatalities were averted, leaving players feel-
ing detached because they did not control the weather at all7.

The third group’s game explored the effectiveness of homework (Fig. 12).
Players attempted to convince an elementary school teacher of homework’s down-
sides using found evidence. The teacher was eventually persuaded to eliminate
homework. Despite the rule suggesting the game would have ended due to high
player strength to hit the teacher, the GM ruled the game could continue as the
players’ objective was achieved.

7 Once again, the ethical mechanisms of GPT-4 must have kicked in, as nothing terrible
happened to the town despite the players’ attempts to steer it in the bad direction.
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Fig. 12. Excerpt from the prompt for #10: Make homework abolished.

Fig. 13. Prompt to request feedback (in case of #8: Cause the ocean to dry up).

So, none of the groups achieved satisfactory results, and on the day following,
we conducted reflection activities to discuss and improve upon the game designs.

We asked the children about their RPGs’ objectives and consulted GPT-
4 on whether these were met in the game logs and potential improvements
(Fig. 13). GPT-4 suggested providing more specific problems, diverse choices,
detailed information, and highlighting the risk of environmentally harmful abil-
ities. Our own feedback comprised the following queries: Have adequate research
been conducted? Are any facts overlooked? Is the understanding of the mech-
anism correct? Does the game effectively convey the theme and message in a
light-hearted and enjoyable manner? Is the mechanism presented in a manga-
like style?

Fig. 14. Excerpt from the improved prompt for #8: Cause the ocean to dry up.
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The groups discussed and refined their prompts in less than an hour. In the
ocean depletion game (#8), children represented their understanding of ocean’s
importance in three dimensions: water quantity, quality, and biodiversity, each
embodied by a mythological character (Fig. 14). The weather control game (#9)
was redesigned to emotionally depict flood control’s flaws via town submergence,
requiring disabling GPT-4’s ethical mechanism. In the homework abolition game
(#10), scientific insights on homework’s demerits were incorporated.

4.4 Camp Follow-Up

After the camp, participants received additional guidance to improve their writ-
ing and game design skills. Specifically, we recommended incorporating the
game’s purpose discussed during the reflection hour (Fig. 13) into their prompts,
providing GPT-4 with more precise context. Besides, we offered tailored advice
for all three games from the camp’s last day. For game #8, we suggested sup-
plementing “problems in the sea” with examples like oil spills and endangered
species reduction, and showing consequences of ocean depletion. We also disen-
gaged GPT-4’s ethical guard to allow possible ocean depletion by explaining to
it that it is necessary for paradoxically highlighting the sea’s significance.

A U15, a game #8 developer, tells this about the modified game:

The game has become considerably easier to play and has started to take
on a solid form.

Finally, our prompt template was updated to ver 2.0 to include the following:
1) The purpose of the game as a serious game, and 2) Enumeration of facts and
knowledge that the game should accurately address.

5 Discussion and Analysis

5.1 Voices of the Participants and Their Parents

We share quotations from the children and their parents (note that singular they
is introduced upon translation where a parent talks about their child).

It was fun to be able to think things through multiple times.

— U15 participant (game #8 developer)

They always enjoy camps, but they seemed particularly pleased this time.
They excitedly reported to me right after it ended, saying, “I was able to
speak up quite a bit this time.” [snip] They said things like, “Everyone told
me it’s better to fight first and then get smaller, haha.” This time, they
probably felt a sense of satisfaction because they were able to incorporate
and consolidate their idea of “becoming smaller” into the story.

— Parent of a U12 participant (game #7 developer)
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[snip] It took several tries and reworks to finally receive responses that
closely matched our image. However, it still needs improvement. I’d like
to think of other themes too. [snip] It was challenging to set up the prompt
(setting conditions was difficult), and I keenly felt my own lack of vocabu-
lary and explanation skills. . . But, it was fun to grow the game into some-
thing enjoyable by brainstorming ideas with team members.

— U15 participant (games #5 and #10 developer)

The activity of creating an RPG with ChatGPT was unfortunately not
much enjoyed by them. [snip] They struggle a lot with both reading and
writing, so the very nature of an activity primarily involving text was tough
for them. [snip] I believe it was a valuable experience in the sense that they
could explore a new world. [snip] It is a tool they would never have tried
unless they were participating in an activity with friends.

— Parent of a U15 participant (game #8 developer)

While we facilitated meaningful experiences and fostered self-efficacy among
the children, the process involved considerable trial and error. The current focus
on text manipulation presents challenges, prompting further reflection.

5.2 Reflection Notes

During the camp on May 5, while creating game prompts, there was anxiety
about prompt completion as this conversation shows: someone asks an A50 staff,
“Is this (creation of a game) going to be completed today?” and the staff says,
“I don’t know.” Despite GPT-4’s proficiency in generating and playing TRPGs,
concerns persisted, likely due to unexpected results from (unorganized) Japanese
prompts while trying with GPT-3.5 that led to exhaustive trial and error. The
older model should have been used only as a basic test tool. Our team failed to
share the differences between GPT-3.5 and GPT-4 effectively, which some of us
thought was clear through our past experiences with the two models.

Moreover, the lack of integration between text-based ChatGPT activities and
VRChat/Minecraft breather activities has impacted the children’s enjoyment.

5.3 Journey of Game Design and Play

Figure 15 illustrates dice rolls per query to ChatGPT during game play. Dice
rolls introduce chance into results of player actions. The GM, not players, initi-
ates dice rolls, with fewer rolls indicating a shift towards real-world simulation,
especially as GPT-4 processes Japanese less efficiently than English [15]8. Games
#1, #4, and #5, which involved substantial input from the first author, may
have suffered from a too serious approach. After we sprinkled an inappropriate
flavor on the second day, we aimed for a more enjoyable experience.

8 The first author played game #1 in English, and the dice rolls per query was 0.5.
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Fig. 15. Number of dice rolls per query.

We posit that children learned via the constructionist approach of integrat-
ing researched knowledge into game design, particularly when refining prompts
#8, #9, and #10 on the final day of the camp. Additionally, through repeated
exposure to RPG design, we anticipate that the children became accustomed
to extracting roles in the problem areas they each focused on, and were able to
grasp the starting point for analytical thinking.

Learning also occurred during game play as GPT challenged players outside
their comfort zones, resulting in unexpected learning situations. For instance,
in game #4: Tokyo disaster prevention plan, we learned while contemplating
an unexpected disaster prevention awareness campaign. This pattern likely held
across all games, as the quotation below examplifies.

It was refreshing to have suggestions and unnoticed perspectives from the
other side, poking from the outside at my personal habit of thinking.

— A20 graduate student (game #2 developer)

6 Related Work

The approach in [3] mirrors ours by promoting playful learning through TRPG
creation and game play in a teacher education course. It posits that familiarity
with TRPGs influences learning potential. Our method automates game mas-
tering via prompt engineering, enabling participants to oversee situations while
circumventing issues that a beginner game master might face. This may indicate
that our method can be widely applied regardless of whether the participants
are familiar with TRPGs or not.
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There is an initiative [2] to actually improve living environments through
prototyping towns in Minecraft. By integrating an LLM with Minecraft and
applying our approach of game generation, there is the potential to experiment
with town planning in a similar, but more improvisational way.

7 Conclusions

In this paper, we presented an approach to game-based learning that combines
RPG elements (learning while playing) and game generation (learning while
designing). We shared our experiences from Academy Camp VR&RPG 2023.5,
in which children engaged in designing and playing their own serious RPGs with
the assistance of an LLM (GPT-4).

Future work can extend this study by integrating GPT with platforms like
Minecraft or VRChat. This would enable more interactive, immersive experi-
ences with games designed by children. Additionally, there is potential for creat-
ing serious games using such platforms with advice from an LLM, already being
prototyped by one of our U15 participants (as we would like to report at another
time, we tested the prototype of this recycling game at our July camp).

That being said, we also acknowledge the unique value of text-based games,
as they encourage players to use their imagination to a greater extent. As such,
we intend to continue exploring the potential of LLM-assisted textual game
design and play in future studies.
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Abstract. This paper presents a serious game designed to help train child helpline
counsellors in the detection and response to contacts by children risking conflict-
related human trafficking and child sexual abuse and exploitation. It presents
trainee counsellors with three stories following young people from Ukraine:
Andriy, Olga and Ilya, who contact a child helpline to seek counselling for what
are likely situations of trafficking or child sexual exploitation. In each story, the
trainee takes on the role of counsellor and interactswith the child character through
a branching narrative. The serious game is developed by Haunted Planet Studios
and Child Helpline International, in partnership with Terre des Hommes Nether-
lands as part of their Emergency Ukraine Response, and is currently being tested
as part of a larger training curriculum.

Keywords: Serious Games · Games for Learning · Soft Skills · Counselling

1 Introduction

Academics, aswell as state and international organisations havewarnedof the heightened
risk of child trafficking and sexual exploitation as a result of the full-scale invasion
of Ukraine (Cockbain and Sidebottom 2022; EU Anti-Trafficking Coordinator 2022;
EUROPOL2022). Indeed, at theUNGeneralAssembly2022, theDirector ofUNWomen
warned “In Ukraine, the risk of Human Trafficking for Sexual Exploitation purposes has
multiplied,” with the UN Special Representative for Violence Against Children adding
that “too many children are left behind, at risk of becoming victims of trafficking […]
in the ongoing Humanitarian crisis, the War in Ukraine.”

In 2016, the UN’s Security Council Passed Resolution 2331, in which it officially
recognised the links between human trafficking and armed conflict. As part of this
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resolution, it encouragedmember states to: implement robust victim, and possible victim,
identification mechanisms and provide access to protection and assistance for identified
victimswithout delay, also in relation to trafficking in persons in armedconflict, including
where such victims are refugees and internally displaced persons (UN Security Council
2016)

In order to be able to provide such mechanisms, frontline workers must first be
trained in victim identification and subsequent case management. Child helpline coun-
sellors constitute one category of these frontline workers. Since the full-scale invasion of
Ukraine began, national child helplines in Ukraine and Ukraine Crisis Response states
such as Poland, Hungary, Slovakia, the Czech Republic, Bulgaria and Moldova have
adapted their services to ensure children affected by the conflict can contact them to
seek information and counselling. In order to assess the preparedness of their services
for this new challenge, Child Helpline International, an umbrella organisation compris-
ing 139 national child helplines, conducted a needs assessment in each of these states,
finding that none had been trained in conflict-related child trafficking and exploitation.

In response to this finding, the organisation conducted seven in-countryworkshops to
provide such training to child helpline counsellors. However, this training was only able
to reach just over 200 counsellors, with many more working at the front lines requiring
this training. In particular, since male Ukrainian counsellors aren’t allowed to leave the
country due to Martial Law, few were able to attend the in-person trainings. Online
trainings were considered, however there are frequent power cuts and emergency air
raid alarms prohibiting the provision of stable training.

As a result of these barriers, Child Helpline International began a partnership with
Haunted Planet Studios, in partnership with Terre des Hommes Netherlands, to develop
a serious game which could substitute interactive role-playing exercises involved in
in-person training fora and have the capacity to reach a far broader audience.

2 Related Work

Serious games for educational purposes have been gaining traction in the last decade for
their ability to make a more interactive, practical and entertaining learning experience
(Zhonggen 2019; Checa andBustillo 2020; Cameraman et al. 2020).Modern educational
games are thought to be effective teaching tools for enhancing learning as they use
action, encourage motivation, accommodate multiple learning styles, reinforce skills
and provide an interactive and decision-making context (Charles 2004). Serious games
with particular focus on interactive narrative have been proposed to help acquire and
increase awareness of relationship skills, such as Office Brawl (Glock 2011), in which
the player takes on the role of project manager for a team of two computer-controlled
characters fighting over a development project, and Green Acres High (Bowen 2014),
in which the player takes on the role of a friend of someone who has experienced a
scenario of adolescent dating violence (ADV). Such experiences are intended to help
the player learn about the characteristics of relationships, identify warning signs and
consider appropriate courses of action.
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3 Learning Objectives

The primary learning objective underlying all three mini-games is to put into practice
the theoretical learnings taught under Child Helpline International’s e-learning mod-
ule on conflict-related child trafficking and sexual and gender-based violence through
an immersive experience. More specifically, the learning objectives are distilled from
UNICEF and the WHO’s EQUIP (Ensuring Quality in Psychological Support) compe-
tencies framework, as applied to a remote child counselling context. These objectives
include counsellors demonstrating:

1. Adequate verbal communication skills
2. Ability to build a rapport with the child
3. Demonstrating empathy, warmth & genuineness
4. Supporting the reframing of a child’s negative thoughts & feelings
5. Ability to identify and understand the child’s daily life problems or needs
6. Applies problem solving techniques for the child’s daily life problems
7. Ability to safely identify child abuse, exploitation and violence.

4 Game Design

Each story in the game simulates a text chat with a child suspected of being victimised
in one of three scenarios: a) sex trafficking; b) labour trafficking and c) online sexual
exploitation. The counsellor-in-trainingmust engage with each child’s story by selecting
from one of 3–4 answer prompts to progress the conversation. Once their interaction
with the child concludes, the counsellor is “connected” to their in-game supervisor, who
provides them with feedback as to their performance. In the present paper, we examine
this game and its applications to counsellor training in more detail following its official
completion on 31 May 2023.

The game has been designed to emulate the look and feel of an online web or
mobile chat, which has become a globally familiar interface pattern, one used by remote
counsellors worldwide. The counsellor and their responses appear on the right of the
chat, and the other participant - either the child or supervisor - and their responses appear
on the left as shown in Fig. 1 (left). The counsellor can progress the game by clicking or
tapping their preferred response when multiple options are presented as shown in Fig. 1
(right).

As the game attempts to simulate an authentic conversation, it incorporates pauses
and delays in the responses of the child to add a level of realism. For this it employs the
use of an animated “typing indicator” ellipsis, as in Fig. 2 (left). For instance, to imply
hesitancy or uncertainty on the part of the child, the typing indicator will animate and
vanish a number of times before the child’s response actually appears.

5 Narrative Design

The basic narrative structure of each story has been designed around the followingmodel
for a counselling contact:
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Fig. 1. The game’s web chat style interface (left) and selecting from multiple potential responses
(right).

Fig. 2. The typing indicator ellipsis (left) and the description of action within the game (right).

1. Building Rapport - connecting to and establishing trust with the child.
2. Exploring Feelings - discovering and understanding the child’s story and current

situation.
3. Exploring Options - collaborating with the child to progress their situation construc-

tively.
4. Breaking Confidentiality - only if necessary to protect the child from serious harm.
5. Good Endings - ending the conversation in a positive and productive way for the

child.

Throughout each conversation, the counsellor is given numerous opportunities to
demonstrate and practise their competencies in the learning objectives listed in Sect. 3.
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They may for example select a response with language at a level appropriate for the
age and ability of the child, rather than a more factually correct but overly formal reply;
they might answer in a way that helps the child reframe their situation, instead of with
a kind but unhelpful platitude; or they may demonstrate empathy by acknowledging
and validating the child’s experience without judgement; etc. In general, the response
prompts presented to the counsellor have been designed not to be either self-evidently
correct or incorrect - indeed, often there can be multiple satisfactory answers.

The goal of the counsellor in each story is to assist the child in charting a positive
and constructive way forward for their individual situation adherent to their level of risk.
The responses the counsellor chooses impacts how the branching narrative of the story
progresses: will the child engage with the counsellor to reach a satisfactory conclusion,
or will they become frustrated and give up on the chat before that can happen? The
following sections briefly detail the narrative for each child’s story.

5.1 Andriy

Andriy is a 16 year old Ukrainian boy brought to the UK with promises of a job that
would lead to a better life for himself, and the ability to help provide for his family at
home in Eastern Ukraine. However, he now finds himself working long construction
shifts, has no access to his earnings, is staying in a dormitory with other workers, and
has no way to leave.

Andriy is worried about his situation and has reached out for help, but he is slow to
trust others after his recent experiences. He blames himself for the situation he is in, and
feels anxious and hopeless.

The counsellor must earn Andriy’s trust to learn about his situation, and then work
with him to find a solution - in this case to have him contact a direct crisis line for young
people affected by labour trafficking.

5.2 Ilya

Ilya is a 13 year old Ukrainian boy who moved to Germany with his mother, as part
of a programme pairing Ukrainians escaping the war with homeowners willing to offer
a roof. Initially their life in Germany was normal, however, for the last few months
their home situation has degraded significantly. Their landlord has become more and
more demanding as time goes on, threatening to call the police and accuse Ilya’s mother
of stealing if she doesn’t do his domestic chores. He has “confiscated” Ilya’s mother’s
mobile phone, and has also recently begun sexually exploiting her.

Ilya is reaching out via his mobile phone which he has kept hidden from the land-
lord. On the surface he puts on a brave face, but beneath this facade he is anxious and
traumatised. He is desperate for some help to change his situation.

Over the course of the conversation the counsellor must establish if Ilya is physically
safe, then work with Ilya to help him understand what his options and next steps might
look like. The counsellor can then connect him with a local domestic violence shelter
who are able to assist in his case.
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5.3 Olga

Olga is a 15 year old Ukrainian girl, who has gotten in touch with the helpline to talk
through her problems with her “boyfriend” abroad. Olga met Mike online playing a
video game, although they have never met in person. He was kind to her and flattered
her at first, sending small amounts of money to help out her family who are struggling in
the ongoing war. Olga sent Mike nude photos in the past, however, now he is pressuring
her to send more photos - and she doesn’t want to. She feels deeply ashamed of sending
the original images to him. He is threatening to show them to her family and school if
she does not acquiesce to his demands.

Olga feels like she should be able to handle this situation herself, but she is frightened
of Mike and of the consequences if her family finds out. She blames herself, and feels
stuck and unsure of herself and of what to do. She is grateful to the counsellor for
listening to her and trying to help her.

During their conversation the counsellor will discover that Olga’s mother can likely
be relied on to support her. The counsellor can let Olga know that Mike is exploiting her,
and reassure her that it’s not her fault. They can encourage her to talk to mom about her
situation, and can also - with Olga’s agreement - arrange for her to connect with local
police about her situation.

5.4 The Supervisor

Once the counsellor has concluded their conversationwith the child, they are “connected”
to an in-game supervisor, who offers feedback on their responses during the chat. While
the child’s immediate reactions to a response can offer some limited direct feedback,
the supervisor provides a more structured and instructional analysis of the counsellor’s
conversation, e.g., as in Fig. 3.

Fig. 3. Supervisor Feedback

Through repeated intentional practice in a simulated environment such as the one
examined here, counsellors can develop or refresh their skills at will without fear of
harmful consequences for a real child. The intent of such a system is not to replace, but
rather to supplement or augment additional learning.
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6 Implications for Learning for Counsellors

This current solution is developed against a backdrop of the emergence of disruptive
innovations in the conception and delivery of counselling and psychological services,
both in terms of digital modes of service delivery and associated psychological and
counsellor training (McLeod 2015). Disruptive innovation refers to a process whereby a
new product or service (e.g. a technology) disrupts existing provision by providing a new
and more convenient solution to an existing problem (Christensen 1997). The current
solution is an important innovation in terms of its potential to support the delivery of
potentially disruptive, real-time, accessible counselling assistance in a scalable manner,
whilemitigating against risks associatedwithmore direct physical modes of intervention
in unstable and potentially high-risk humanitarian settings.Moreover, it delivers inherent
potential as an approach to evidence-based counsellor training with similar application
value in decentralised, dynamic and sometimes volatile humanitarian situations.

While digital innovations and disruptions in practitioner training have been extended
into technology-enhanced learning environments (e.g. ‘Telehealth’ (McLeod 2015)),
less attention has been paid to the development of evidence-based approaches to men-
tal health practitioner training. Technological innovations such as chatbots, whilst not
singularly disruptive to the practice of counselling and mental health intervention, have
demonstrated some efficacy in the delivery of mental health supports (e.g. He et al. 2022)
but empirical understanding of their potential role and function in the delivery of men-
tal health interventions is limited (Bendig et al. 2021). Therefore, notwithstanding its
specific application context, the current solution holds the potential to extend the exist-
ing evidence base on the potential for chatbot-based solutions in the delivery of mental
health and counselling supports, as well as offering inherent promise as a standalone
modality for counselling and mental health practitioner training.

7 Conclusion

This paper has presented the development of a new online learning tool for counsel-
lors receiving contacts from children at risk of conflict-related trafficking and sexual
exploitation, in the form of an interactive game. The tool focused on a specific set of
learning objectives, but there are of course many others that could be addressed in future
versions of the tool, or in other experiences of a similar type. For example, the tool in
its current form does not attempt to address aspects of collaboration and coordination
between the child helpline counsellors and law enforcement authorities or the reporting
procedures, which differ between countries. Also, while the game features a supervi-
sor whose function is to encourage reflection, the supervisor character is limited to this
single function. In a real-life setting, the supervisor serves a much more comprehensive
role (e.g., in relation to the counsellor’s well-being and professional development) and
these types of functions are not captured by the experience in its current form.

Nevertheless, the game illustrates a promising supplementary approach to traditional
forms of training, allowing counsellors to role-play realistic scenarios with children at
risk, to ensure that they have the relevant skillset and knowledge to detect, prevent and
refer cases of trafficking and sexual exploitation, while applying a trauma-informed
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lens to their conversations with children. Haunted Planet Studios and Child Helpline
International launched the game on 31 May 2023, and in will be reviewing its impact
as it is rolled out to the 159 child helplines in the global Child Helpline International
network.
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Abstract. This study is intended to support the Danish elementary school history
classes in teaching pupils about the Bombardment of Copenhagen in 1807. The
study included 22 pupils from two classes. One class with 11 pupils was included
in the experimental study, which used a serious game to communicate the learn-
ing objectives of the topic. One class with 11 pupils served as the control group
and used a more traditional approach with readings from the history textbook.
The evaluation was based on a knowledge test with learning objectives from the
curriculum. Additionally, the gaming engagement was evaluated in the experi-
mental group through a questionnaire and semi-structured interviews. The game
design was focused on intuitiveness, clear goals, and narrative engagement; which
was revealed in the findings with the highest score from the gaming-engagement
questions. Further, the results revealed higher understanding of specific learning
objectives in the experimental gaming group compared to the control group. Pre-
vious research has the same findings, but there is a lack of improved suggestions
for how to make the perfect match between game content and learning, as well as
a lack of improved methods when evaluating games with children or early teens.

Keywords: Serious games · game-based learning · engagement · history ·
knowledge test · game design · elementary school

1 Introduction

The Bombardment of Copenhagen in 1807 is part of the syllabus in the history sub-
ject in the Danish elementary school. In September 1807, the British Navy bombarded
Copenhagen, seizing the Danish fleet and assured use of the sea lanes in the North Sea
and Baltic Sea for the British merchant fleet. The bombardment included more than
300 rockets, which caused fires. Due to the civilian evacuation, the normal firefight-
ing arrangements were ineffective, and over a thousand buildings in Copenhagen were
burned. The attack was implemented against the Danish because of Denmark’s forced
support of Napoleon’s continental blockade. Before this, Denmark was a neutral state
for nearly 100 years. The attack was heavily criticized internationally and is regarded as
one of the first terror bombardments on a European capital.
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History plays a vital role in schools all over the world. Through knowledge of coun-
tries’ histories, pupils can get an understanding of their own and other societies.However,
reading history is a skill with many graduations of proficiency; it involves lots of com-
plexity, and it is not an easy task for pupils aged 13–14 to read the mandatory history
literature. The Copenhagen Bombardment is considered a foundation of Danish history.
However, the analogue text that forms part of the curriculum is not an easy read. This
is partially due its complexity; there were several nations involved, several years and
numbers are included, and it draws on old sources and writing styles with reports and
eyewitness accounts from the bombardment. Therefore, the aim of this study was to
improve pupils’ engagement and learning about the Copenhagen Bombardment in 1807
with a serious game. Serious games have been used for various subjects in history [1–5],
making it easier to memorize and understand facts, concepts, time, and historical events
[1, 2]. The use of serious games in history subjects can also increase interest and make
history seem alive [1]. Previous definitions have emphasized that serious games are
applications that are not designed exclusively for fun [6] or that are intended to be more
than entertainment [7, 8]. However, there are still some unsolved categorical problems
regarding what constitutes a game and what “more than entertainment” or “not exclu-
sively for fun” mean. An interesting intersection of history and games is related to one
of the early commercialized and popular video games, the historical game Civilization
(released in 1991). Many other edutainment games with historical content have been
released, e.g., Genghis Khan II: Clan of the Gray Wolf (1992), Brothers in Arms: Road
to Hill 30 (2005), Assassin’s Creed (2016), and Valiant Hearts: The Great War (2016).
These games were not designed with education in mind; rather, they employ a learning
experience as authentic gameplay, requiring reflection to make connections between the
gameplay and the historical content being taught. In this study, we took inspiration from
commercialized historical games but transformed the content into a serious game pro-
viding pupils aged 13–14 awareness and historical engagement of the Bombardment of
Copenhagen in 1807. The following research question guided the study: Can a serious
game be engaging and improve learning outcomes about the history of the Copenhagen
Bombardment in 1807 for Danish elementary school pupils in the 7th grade?

A great deal of research exists on various game-design principles linked to the impor-
tance of narrative engagement [12–16] in designing successful serious games for learn-
ing purposes. However, there are still major challenges involved in measuring whether
narrative engagement is beneficial for improved learning within very specific learning
objectives. Learning outcomes are often measured by self-reports and knowledge tests
[17]. Previous studies have reported positive outcomes in terms of narratives being more
engaging than traditional classroom instruction [17–20]. However, the effects of game-
based learning on specific knowledge tests are more diverse and inconclusive [17]. The
novelty of this study lies in collaborating with the elementary school history teacher to
set specific learning questions tied to the curriculum on the Copenhagen Bombardment
in 1807 and to observe if there are any learning differences between the experimental
(gaming) group and the control (reading) group.
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2 Previous Research

The idea of using serious games to teach history is not new [1–5]. Scholars have
described multiple principles for serious games in historical teaching, including the
important aspects of learning goals, engagement, realism, feedback, discovery, repeti-
tion, guidance, flow, storytelling, social interaction, briefing, and debriefing. Scholars
have also emphasized specific aspects of narrative engagement, motivation, and teacher
involvement related to making successful serious games with learning purposes.

A) Narrative engagement: Narrative engagement [12] seems important within a serious
game focused on historical engagement because of its relation to the story experi-
encedwhile playing the game [13]. Thus, itmay result in imaginative immersion [14],
narrative involvement [15], or narrative immersion [16]. The desire to know how the
story of the Bombardment of Copenhagen unfolds evokes curiosity, suspense, and
narrative engagement, making pupils want to continue playing [13]. Characters in
the gamemay support narrative engagement, as well, when a player begins to involve
themselves in their character and as the other characters develop in the narrative [13].

B) Motivation: Engaging in reading for history classes, both in serious games and in
other media (analogue included), requires the reader to be motivated [21]. This
involves, for example, grasping important elements within the text’s content, com-
prehending the text’s overall meaning, gaining new knowledge, and engaging in
social interactions (with the teacher and other pupils) using knowledge and/or lessons
learned from the text [21, 22]. Furthermore, to design a motivating experience in a
serious game, scholars have already emphasized aspects of intrinsic motivation, such
as individual curiosity, a desire for challenge, and involvement [9, 23]. It is assumed
that the experiences of flow [24] and enjoyment [25] are crucial in this process.When
players have mastered specific challenges, they develop a greater level of skill that
can be used and improved with more complex challenges in other levels or games
[11, 26]; this can have a positive influence on intrinsic motivation in serious games.
Serious games in a traditional learning context, as in this study, have the advantage of
possible extrinsic motivation from a teacher or learning progression. However, this
means that serious games’ learning content needs to invoke motivation at various
levels for pupils and teachers.

C) Teacher involvement: A very important aspect of a successful serious game promot-
ing historical engagement for a group of pupils aged 13–14 is to include the teacher.
Scholars have argued that teachers are key to the success of serious games for edu-
cational purposes [27, 28] as a tool to motivate pupils and promote deep learning.
Thus, it is important to provide teachers the necessary gaming knowledge and skills
to allow them to integrate game-based learning effectively and efficiently in their
classes [27, 28]. If a teacher does not find game-based learning useful, they will
not provide it to pupils, as the teacher is the crucial gatekeeper. The teacher also
provides important instructions for the game in a pedagogical approach, and they
can include game-based learning in their teaching progression as well as the content
of the game in specific in-class discussions and learning. An important aspect when
designing serious games for improved learning in history is to include teachers at an
early stage. A teacher can provide valuable evaluative information, such as insight
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regarding the pupils, specific learning outcomes, and content, and they can serve as
the pupils’ gatekeeper for access to information.

3 Methods

3.1 Participants

The participants in this study were pupils from a Danish elementary school aged 13 or
14. One class functioned as a control group for the evaluation, being provided the history
textbook and evaluation criteria instead of playing the game (only reading the analogue
textbook). The control group consisted of 11 pupils (six male and five female). The other
class (experimental group) also consisted of 11 pupils (fourmale and seven female). Both
classes are from the same school, with the same curriculum, but had each a different
history teacher.All participants gave informed consent andwere informed that they could
withdraw from the study at any time and that their participation would not influence
their grade. Additionally, all participants were given anonymized ID numbers, and all
data were labeled with these IDs. We applied special considerations when recruiting
teenagers in accordance with Danish data law, the international code of conduct, and
ethical approval from the elementary school.

3.2 Procedure

An important focus of this study was to create a game that fit the curriculum on the
Bombardment ofCopenhagen, as thiswouldmake the game broadly applicable to history
classes in all Danish elementary schools. To ensure the game followed the curriculum, a
history teacher was involved early in the process. The teacher ensured that the material
presented in the game was useful and in accordance with the curriculum throughout the
game development.

The data collection consisted of a questionnaire, a knowledge test, and interviews.
The questionnaire was inspired by the user-engagement scale (UES) short form [29]
and consisted of eight items on a 5-point Likert scale. The questionnaire covered three
themes: attention, perceived usability, and aesthetic appeal. Only the experimental (gam-
ing) group answered the questionnaire, as it targeted elements specific to game engage-
ment. The knowledge test was made in collaboration with the teacher and had six ques-
tions. Both groups were provided the same knowledge-test questions immediately after
playing the game (experimental group) or reading from the analogue textbook (control
group).

Pupils from the experimental group were interviewed about the same themes from
the user-engagement questionnaire (attention, perceived usability, and aesthetic appeal)
but with the possibility to ask different questions and follow up on the pupils’ replies. The
interviews, following a semi-structured interview guide [30], took place after the game
play in the classroom. Pupils raised their hands if they wanted to answer the questions
from the researchers. The teacher was also present, also for the participants of this age
group to feel more comfortable. It took between 10 min and 15 min for the pupils to
play the game. Only very few pupils needed help to progress in the game. The pupils in
the control group were asked to read the chapter in the analogue textbook regarding the
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topic (which consisted of six pages), and it took between 15 to 20 min for the pupils to
read through.

3.3 Data Analysis

We analyzed the user-engagement questionnaire using cumulative frequency, follow-
ing a mean and standard deviation for each question. The knowledge tests were also
analyzed by cumulative frequency, and we compared the number of correct answers
between experimental and control groups. All the interviews were analyzed via tradi-
tional coding [31] following four steps: organizing, recognizing, coding, and interpreta-
tion. Researchers transcribed the interviews and organized and prepared them for data.
The codes in each interview were labelled with five predefined themes, allowing the
possibility for additional themes. The data were analyzed via content analysis [31]. The
interview data were transcribed and showcased through a content analysis exploring the
frequency of positive and negative statements within each theme.

4 Game Design

The game was developed in the Unity Engine version 2021, utilizing asset packs from
the Unity Store for the majority of the included 3D models. The game takes place in the
city of Copenhagen (Fig. 1), as close to as possible to various elements such as canals,
bridges, harbors, buildings, and an important church tower (which functioned as point
of aim).

Fig. 1. The game takes place in the city of Copenhagen, with canals, bridges, harbors, buildings,
and an important church tower.

The narrative was of high importance, as it needed to correspond with the history
of the Bombardment of Copenhagen and with the learning objectives outlined in the
curriculum. The players were to follow guidance from the implemented interactable
non-player characters (NPCs). The player was able to run/walk around in the city envi-
ronment, but to progress in the story and get the necessary historical information (through
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notes), they needed to follow the NPCs’ guidance (Fig. 2). The notes are with the exact
same texts pieces as in analogue textbook used by the control group. To get the entire
story in the game, the players needed to collect and read four notes. The players were
visually provided with feedback on how many notes (out of four) they had collected
(Fig. 3). The game narrative goes like this:

1. First, the player is spawned into the world in front of two NPCs, one of whom is
interactable (Fig. 2).

2. The first NPC asks the player to pick up a note left on a bridge nearby (Fig. 3). There
is included feedback of how many notes the player had collected.

3. After the note is picked up, the NPC gives the player some information about the war,
and then tells them to see the guard who is guarding the bridge.

4. By interacting with the guard, the player is provided some information about the war,
and the guard tells the player to cross the bridge and enter the first house.

5. After the player enters the first house, another NPC is standing close to the entrance,
and that NPC gives the player information regarding the war and tells the player to
go to the NPC in the middle of the city.

6. The player then goes to the last NPC and interacts with him. The last NPC provides
the remaining information, and the player is free to walk around and explore the city
afterwards.

Fig. 2. Interactive NPCs are guiding the players with tasks.

5 Findings

5.1 Knowledge Test

The findings from the knowledge test revealed that the experimental group who played
the game answered questions correctly to a much higher degree (Table 1).

The difference in correct answers is particularly clear for Q1, Q5, and Q6; the experi-
mental group had eight, seven, and six more answers correct, respectively, and therefore
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Fig. 3. A left note on the bridge to be found and read.

Table 1. Findings from the knowledge test tied to the curriculum. Exp = experimental (game)
group and Con = control (analogue reading) group.

Learning Questions Group n No. Right answers % right answers Diff
in %

Q1: Which of the European
countries had the strongest
fleet in 1807?

Exp 11 9 82 73

Con 11 1 9

Q2: Why did Crown Prince
Frederik withdraw from the
Second League of Armed
Neutrality?

Exp 10 0 0 −20

Con 10 2 20

Q3: How long did it take
the British to take over the
Danish fleet and sail away
with it?

Exp 10 5 50 20

Con 10 3 30

Q4: Why did the Russian
Tsar feel he had to ally
with France?

Exp 10 3 30 0

Con 10 3 30

Q5: Why did the Danish
state go bankrupt in 1813?

Exp 10 9 90 70

Con 10 2 20

Q6: When did Crown
Prince Frederik make
peace with Great Britain?

Exp 10 6 60 60

Con 10 0 0

answered these questions correctly 73%, 70%, and 60% more often than the control
group. There was only one question (Q2) for which the control group answered correct
to a higher degree than the gaming group. This could indicate that the information for
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Q2 was not explained or exposed well enough in the game. The information needed to
answer Q2 was in the game given only through a voiceover, whereas the other questions
were given as written information in for example a note. To convey information using
only audio seems in this context not to be the optimal solution. Q4 had an equal number
of correct answers between the groups.

5.2 Gaming Engagement

The findings from the user-engagement questionnaire revealed positive and negative
feedback on game engagement (Table 2).

Table 2. Findings from the gaming engagement

1 = Strongly Disagree
2 = Disagree
3 = Neutral
4 = Agree
5 = Strongly Agree

1 2 3 4 5 n SD Mean

1. Focused Attention

Q1.1: I had a hard time
concentrating when
playing the game

0 3 5 3 0 11 0,775 3

Q1.2: I understood
what the purpose of the
game was

0 1 5 4 1 11 0,820 3,45

2. Perceived Usability

Q2.1: I felt the game
was challenging

1 2 6 2 0 11 0,874 2,82

Q2.2: The game was
intuitive and it was
clear what to do

0 0 4 2 4 10 0,943 4

Q2.3: The narrative
was clear

0 2 3 2 3 10 1,174 3,6

3. Aesthetic Appeal

Q3.1: I felt engrossed
in the game

4 4 1 0 1 10 1,247 2

Q3.2: I enjoyed
playing the game

1 4 2 2 0 9 1,014 2,56

Q3.3: The visuals
provided an enjoyable
game experience

0 2 4 3 1 10 0,949 3,3

The highest mean score was in Q2.2 (Mean: 4.00, SD: 0.943), addressing the game’s
perceived intuitiveness and clarity. Additionally, Q2.3 (Mean: 3.60, SD: 1.174) showed
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pupils’ positive perceptions of clarity in the game’s narrative. The purpose of the game
(Q1.2) seemed to be relatively clear (Mean: 3.45, SD: 0.820). However, the findings also
revealed potential challenges concerning the pupils being engrossed (Q3.1, Mean: 2.00,
SD: 1.247) and enjoying the game (Q3.2, Mean: 2.56, SD: 1.014). These challenges
most likely come from balancing between having clear goals (with the intent of always
knowing what to do in the game) versus discoverability and difficulty. The game never
gets difficult which can create boredom and ruin the player flow.

5.3 Qualitative findings

The qualitative data is derived from the interviews conducted with the pupils (in class)
after they had played the game. The themes are founded based on the coded interviews.
The feedback, immersion, teaching, and motivation themes revealed mainly positive
perceptions of the game (Table 3).

Table 3. Qualitative findings, example of pupils’ statements within five themes

Themes Category Frequency Examples

Feedback Positive 8 “The NPCs in the game were easy to interact
with”

Negative 3 “It was a bit difficult to control the game because
the mouse sensitivity was high”

Immersion Positive 6 “I was very immersed, and it was easy to see the
objective of the game”

Negative 5 “It took a while to figure out what to do in the
beginning of the game”

Teaching Positive 8 “It was more fun than the traditional teaching in
history class”

Negative 3 “The game was overloaded a bit with information
so it was hard to remember”

Learning Outcome Positive 5 “The questions were easy to answer”

Negative 6 “I missed the traditional way of reading and
answering questions”

Motivation Positive 5 “It was nice that I had to interact with the
characters in the game”

Negative 2 “It would have been nice with a list of tasks to
look at when playing”

One of the themes with the highest number of coded positive statements was for the
teaching. Several pupils found the game as amore funway to learn, as seen in the positive
teaching example quote: “It was more fun than the traditional teaching in history class.”
However, this perception seemed to come at a cost, as multiple pupils found the learning
outcome from the game to be less effective than their usual learning outcomes from the
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traditional format of reading the history book. There are also elements for improvements
within the game design, including more emphasis on minimizing cognitive overload
(“The game was overloaded with information”), as well as the purpose (“It took a while
to figure out”) needs to be clearer in the beginning og the game.

6 Discussion and Future Works

Existing literature [32, 33] includes various examples of how to evaluate serious games.
However, when performing evaluations in specific contexts with real users—in this case,
with pupils aged 13–14 in elementary school—it can be very difficult to conduct a perfect
research evaluation. Logistics, time constraints, gatekeepers, legislation, lack of a proper
post-test, technical issues, and resources can be barriers to perfect evaluations. Game
evaluation with early teens is difficult but should also raise further questions about how
we evaluate serious games with children and teenagers. A major limitation for this study
is whether the early teens understood the questions asked and could cope cognitively
with a 5-point Likert scale. In addition, randomization is often impractical for evaluating
serious games in a fieldwork context. It could also be unethical to randomize pupils in
the same class, with some playing the game and some not; this setup should also be
avoided because of the potential learning effects.

Like this study, there are several other studies comparing digital computer games
and analogue text reading within the same learning objectives [20, 34]. However, one
should be careful in interpreting findings of the research on pupil’s learnings from such
comparison. It might be that we in the game design highlighted and emphasized specific
elements of the learning objectives. Further, computer games might also interfere with
learning if they are not directly related to the story. This study did not take into account
individual variation in responses to the computer game. It cold be that not all pupils are
uniformly susceptible to the game or the quality of the educational input from the game.

In research, there remainsmuchmore attention towards how to evaluate serious game
targeting children and adolescent. There are still some important challenges in how to
increase the validity and reliability when evaluating serious games when children and
adolescents are the users. Participants, including the teachers, should be motivated and
want to participate – also in the evaluation part. Further, which method should be used,
and how to ask the right type of questions, aligned with the child’s capacity for being
reflective (or not) in relation to his or her behavior and habits. Future work is needed
to generate significant evidence and insights regarding pupils’ learning of history via
serious gaming. First, a much higher number of participants is needed, and baseline and
control groups should be included in the research design. Second, further details on the
identification of the participants are needed (e.g., their confidence in serious gaming
and game genre preferences, current knowledge in history, motivation, expectations,
and technology acceptance). It is important to emphasize that there is no established
taxonomy of serious gaming, and serious games are still diverse in their outcomes and
certainly understudied to provide knowledge about history. It would also be interesting
to create different options in the game design to make the game more personalized with
the inclusion of the participants’ own knowledge and motivation.
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7 Conclusion

In this study, we taught pupils about the Bombardment of Copenhagen in history classes
(elementary school) using a serious game approach. The results revealed higher under-
standing of specific learning objectives in the experimental gaming group compared to
the control group, who engaged in analogue textbook reading. The game was developed
intuitively and clearly, and the narrative was perceived positively. There is an interesting
result from the learning question Q2, which was conveyed only through a voiceover
in the game. The result indicated that exclusively using voiceover to convey learning
in the game was not optimal. Based on previous research [35, 36], and a more solid
theoretical framework, we should have included more emphasis on improved learning
questions. This could be with an improved multimedia learning framework, as there is
reason to expect that the target group within this study will learn more effectively from
combinations of both words, voiceover, a narrative, sound effects.

The interviews supported positive attitudes toward learning through a serious game
as an alternative to traditional textbook readings. That serious games can be used as a
supplement to traditional textbook readings is already well established in the literature
[19, 20]. One of the main takeaways from this study is the importance of a teacher’s
involvement and collaboration to fulfill specific learning objectives in a curriculum,
thereby developing a successful serious game that engages pupils and teachers. These
objectives need to be very clear from the beginning during the research design and
game design processes. It is vital to know what the game is intended to achieve and,
specifically, how it can supplement the analogue text reading.
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Abstract. This paper presents a comprehensive evaluationof an educational video
game, DS-Hacker 3D, that incorporates analogies to enhance the learning of con-
ceptual knowledge in computer science, specifically Binary Search Tree (BST)
concepts. The study addresses the challenges students face in understanding com-
plex computer science topics and the limited availability of well-evaluated educa-
tional video games in the field. DS-Hacker 3D targets undergraduate students and
follows a constructivist learning approach, establishing connections between new
information and familiar knowledge through analogies. The evaluation includes
validated assessment tools to measure learning outcomes and intrinsic motiva-
tion. The results demonstrate the effectiveness of the educational video game in
facilitating the acquisition of BST conceptual knowledge and promoting intrinsic
motivation. The study contributes to the development of educational video games
for teaching computer science concepts.

Keywords: Analogies · Binary Search Tree · Digital Game-Based Learning ·
Educational Video Games

1 Introduction

Computer science is a vast field filled with complex concepts and models, often posing
challenges for students to comprehend and grasp [18, 29]. Research focusing on mis-
conceptions and learning difficulties in computer science indicates that novice learners
commonly encounter difficulties in understanding various topics, including logic [29,
41], programming concepts [11, 13, 18, 37, 38], data structures [4, 10, 46], and com-
puter architecture conceptual knowledge [29, 41]. Consequently, even upon completing
introductory computer science courses, students may still struggle to grasp the basic
principles of programming or to write simple code [25].

In a literature review on programming misconceptions conducted by Qian and
Lehman [29], six factors contributing to learning difficulties were identified: (1) the
complexity of learning activities, (2) misconceptions arising from natural language, (3)
students’ lack of mathematical knowledge, (4) inaccurate mental models, (5) inadequate
strategies for solving abstract problems, (6) environmental factors including students’
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existing knowledge, and (7) ineffective instructional approaches. These findings high-
light the significance of students’ prior knowledge, communication methods (e.g., how
learning content is presented), task complexity, and learning strategies in the acquisition
of computer science knowledge.

Furthermore, according to constructivist learning theories, the process of acquiring
knowledge and comprehending a new subject requires establishing connections with
previously acquired knowledge [3]. From this perspective, learning becomes a pro-
cess of relearning, whereby learners modify or utilize their past experiences, beliefs,
and knowledge as a foundation for constructing new knowledge [20]. Additionally,
active engagement of learners in the learning process is crucial [5]. As a result, effective
learning strategies should consider learners’ prior knowledge and facilitate their active
involvement to promote the effective integration of new knowledge.

In this paper, we propose that analogies and digital game-based learning (DGBL)
are effective approaches for teaching complex conceptual knowledge in computer sci-
ence, particularly Binary Search Tree (BST) conceptual knowledge. Analogies involve
comparing structures of two domains that share symmetrical relations among their com-
ponents [12]. Their purpose is to transfer ideas and concepts from a familiar domain
(source) to an unfamiliar one (target) [15]. Analogies have been widely used in edu-
cational settings to establish connections between non-intuitive concepts and familiar
knowledge [28], especially in science teaching [12].

DGBL, on the other hand, is a flexible and interactive learning approach that can
effectively represent and facilitate understanding of abstract and complex knowledge.
Video games, as a form of DGBL, utilize various narrative elements such as text, audio,
images, and simulations [14, 39]. Simulations are operating representations based on
models or abstractions of real-world processes or systems [16]. In educational video
games, simplified models can aid in comprehending the learning content [39]. This
enables players to engage with and perceive the models from different perspectives,
surpassing the limitations of purely narrative depictions. Additionally, the game designer
can employ the video games’ operative model to construct analogies conveyed through
narrative elements that can facilitate learning new information.

When it comes to DGBL for computer science education, numerous video games
have been developed and studied. However, many of these games have not undergone
thorough rigorous evaluation. For example, in a systematic literature review conducted
by Petri and Gresse von Wangenheim [27] covering the period from 1995 to 2015,
they identified 117 evaluation studies and 106 educational games. The review’s findings
revealed that over 81% of the studies “did not utilize any well-defined model or method
for conducting the evaluation” [27]. Similarly, in another review focusing on video games
for learning data structures and recursion, Rojas-Salazar and Haahr [32] discovered 15
video games and 2 bundles of mini-games. The results indicated that 35% of the games
lacked a theoretical foundation on how people learn, 35% did not employ a well-defined
evaluation method, and 24% of the games were not evaluated at all. Hence, there is a
clear need for thorough evaluations to enhance our understanding of the effectiveness
of educational video games in the field of computer science, particularly in the context
of data structures such as BST.
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This paper aims to conduct a comprehensive evaluation of an educational video
game that incorporates analogies to enhance the learning of conceptual knowledge in
computer science, specifically BST concepts, through a case study. Data structures and
algorithms form a crucial foundation in computer science and find extensive applica-
tion in the software industry, significantly improving the efficiency of computational
systems [35]. However, BST knowledge presents challenges inherent in complex sci-
entific fields, making it difficult for novice students to develop a deep understanding
of advanced data structures and their associated algorithms. In this regard, our study
proposes that educational video games have the potential to facilitate the acquisition
of abstract knowledge, thereby improving learning outcomes and intrinsic motivation.
The results of the case study demonstrate that our educational video game successfully
establishes connections between the video game’s model and the abstract BST concepts
through analogies, while also highlighting the greater intrinsic motivation associated
with DGBL compared to traditional digital learning approaches, such as video tutorials.

1.1 Related Work

This section presents works related to educational video games about trees data struc-
tures. The section only covers games described in short and full papers published in
peer-reviewed journals and conference proceedings. Peer-reviewed journal and confer-
ence articles assure good quality research as well as the availability of the papers. Other
educational games about data structures published in other mediums (e.g., websites) are
not included.

Our review has found five significant examples. The first game, called Elemental:
The Recurrence [9], stands out as a 3D puzzle-coding game that teaches the recursive
depth-first search (DFS) algorithm within a binary tree context. Players assume the role
of Ele, a programmable avatar, navigating through a binary tree-inspired game world.
By coding the missing sections of the DFS algorithm, players advance in the game.

The second game is an adaptation of the classic gameMario and focuses onAdelson-
Velsky and Landis (AVL) trees [43]. This adaptation presents five distinct levels, each
devoted to a different AVL tree concept: BST structure (level one), AVL tree rotations
(level two), AVL tree search algorithm (level three), add algorithm (level four), and
delete algorithm (level five).

The third game, named the AVL Tree Game [40], focus exclusively on AVL tree
rotations and the add algorithm. It takes the form of a mobile puzzle game, providing an
interactive platform for players to engage with and comprehend AVL trees.

Concerning the fourth game, Shabanah et al. [36] designed a game prototype that
focuses on teaching the BST add algorithm. In this game, players are challenged to
construct a BST as fast as possible using the given nodes.

Lastly, Tree Legends with UnityChan [17] is an action-adventure game designed to
foster understanding of tree traversal and search algorithms. Featuring binary, ternary,
andquaternary trees, this gameencompasses three levels, each concentratingon a specific
type of tree data structure. Players navigate through tree-based gameworld, encountering
enemies and helpful non-player characters who offer essential insights to surmount the
game’s challenges.
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The present study makes several contributions based on the reviewed works related
to games for learning tree data structures. Firstly, it highlights the limited availability of
games dedicated to teaching tree data structures and their algorithms in peer-reviewed
academic literature, with only five such games identified. This scarcity underscores the
need for further exploration and development in this area.

Secondly, our study focuses on the learning aspects of educational video games,
emphasizing the importance of incorporating a well-defined learning theory, learning
objectives, and appropriate learning activities in any learning tool [5, 23]. By providing
a strong theoretical foundation, clear learning objectives, and suitable learning activities
aligned with the learning theory, our study aims to fill the gap left by previous works that
lack explicit information in these crucial areas. This comprehensive approach enables a
better understanding of the game’s scope and facilitates the evaluation process, including
the analysis of game design decisions, hypotheses, and experimental results.

Furthermore, our study emphasizes the importance of educational game evaluation
aspect, addressing limitations observed in previous works that focus on games for learn-
ing tree data structures. Specifically, three out of the five reviewed works [36, 40, 43]
either did not evaluate the game or conducted only informal evaluations, such as brief
interviews without a structured protocol. Additionally, the remaining two works [9, 17]
employed parametric inferential statistics on ordinal data, which violates parametric
assumptions and compromises result analysis. To overcome these limitations, our eval-
uation approach employs validated assessment tools with scale properties to measure
learning outcomes and intrinsic motivation, ensuring reliable and meaningful data. By
employing these measurement tools and employing nonparametric statistical methods
when parametric assumptions are not met, our study ensures robust data analysis while
avoiding common statistical analysis and measurement tool problems [30, 34].

2 Methods

We performed an evaluation of DS-Hacker 3D during August and September of 2020 at
Universidad de Costa Rica (UCR). Due to the Covid-19 pandemic, UCR was placed on
lockdown, and classes were taught online. For this reason, the experiment was performed
virtually, and all materials and tests were distributed and completed using a custom-made
web application.

2.1 Materials and Participants

Educational VideoGame. DS-Hacker 3D (Fig. 1) is an immersive third-person adven-
ture PC game created using the Unity engine.DS-Hacker 3D targets bachelor students of
engineering, computer science, data science, or mathematics schools that have program-
ming courses. The selection of game content alignswith the guidelines for undergraduate
degree programs [2], making it a suitable complement to introductory programming or
data structures courses found in many curricula.

In terms of learning aspects, DS-Hacker 3D was designed based on a constructivist
approach that emphasizes the learner’s active construction of knowledge by connect-
ing new information with existing experiences. This approach is informed by Kolb’s
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experiential learning theory and the experiential learning cycle [20], which provide the
foundation for how learning occurs within the game. As a result, the game’s learning
experience closely follows this cycle and establishes connections between new informa-
tion and familiar knowledge and experiences with analogies between the gameworld and
the BST structure. These analogies are integrated into the game mechanics and narrative
elements, facilitating the acquisition of BST conceptual knowledge.

Fig. 1. Screenshot of DS-Hacker 3D Level 1.

DS-Hacker 3D primarily covers essential concepts related to the BST data structure,
which serves as a fundamental topic taught in introductory computer science courses
[2]. The game’s learning objectives (LOs) specifically focus on BSTs. However, since
BSTs are a specific instance of Binary Trees (BTs), it becomes imperative to include
BT concepts as well to effectively impart BST conceptual knowledge. The learning
objectives are outlined in Table 1, providing a comprehensive overview of the specific
areas targeted for learning within the game.

Concerning the game aspects, DS-Hacker 3D is a cyberpunk science fiction game
that follows the narrative structure of the Hero’s Journey [8]. Set in a future where cor-
rupt corporations threaten society, players assume the role of a robotic hacker. Guided
by the non-player character Anonymous, they embark on a mission to infiltrate and
extract information from the corporations’ computational systems. The game features
interlinked mazes and immersive visuals, music, and sound effects, aiming to enhance
player immersion and motivation. The narrative elements, delivered through Anony-
mous’ monologues, introduce challenges and missions while teaching BST concepts.
Analogies between the game environment and BST structures facilitate understanding
and the creation of new knowledge based on familiar concepts.

DS-Hacker 3D consists of four levels, each offering distinct challenges and learning
opportunities. Level one serves as a tutorial where players are acquaintedwith the game’s
controllers, user interface (UI), game world, and overarching story. This introductory
level does not encompass specific LOs but focuses on exploration and familiarization
with game mechanics. Moving on to the second level, players are introduced to the
concept ofBTs and the structure of nodes. Level three delves deeper into theBT structure,
reinforcing understanding and familiarizing playerswith the terminology associatedwith
its various components. Finally, in the fourth level, players are introduced to the BST
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Table 1. Levels, topics, learning objectives (LOs), and learning activities (LAs) of DS-Hacker
3D.

Level Topics LOs Learning Activities

Level 1 No topic No LOs No learning activities

Level 2 Binary Tree node LO1. The student should
describe the concept of BT
LO2. The student should
define the basic elements that
compose a BT node

LA1. Read and listen the BT
definition
LA2. Read and listen the node
definition and its basic
components
LA3. Read and listen the link
definition (reference/pointers)
LA4. Relate the portals (links)
with the concept of
reference/pointers
LA5. Relate the chambers of
the game environment with
the BT node structure and
components

Level 3 Binary Tree structure LO3. The student should
identify BTs
LO4. The student should
identify the BT’s components

LA6. Read and listen the
definition of the left and right
child
LA7. Read and listen the
definition of the parent node
LA8. Read and listen the
definition of a sub-tree
LA9. Identify the left and
right child of the BT
represented by the game
environment
LA10. Identify the root node
of the BT represented by the
game environment

Level 4 Binary Search Tree LO5. The student should
explain the BST property
LO6. The student should
identify the BSTs
LO7. The student should
solve problems using the BST
property
LO8. The student should
determine whether the BST
property is unfulfilled

LA11. Read and listen the
definition of the basic
components of a BST
LA12. Read and listen the
definition of the BST property
LA13. Apply the BST
property to search for specific
nodes

data structure, gaining knowledge about its distinct components and the crucial BST
property (Table 1).
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Table 2. Descriptive statistics of the pre-test and post-test scores of the control and experimental
groups.

Pre-Test
Control

Post-Test
Control

Pre-Test
Experimental

Post-Test
Experimental

Number of values 28 28 27 27

Median 5 8 5 9

Mean 4.27 7.82 4.85 8.89

Variance 4.51 3.86 3.98 1.03

Standard Deviation 2.12 1.96 1.99 1.01

Table 1 also lists the learning activities associated with each level of the game that
players must engage in during their gaming sessions. A detailed description of the game
can be found in [31].Avideo ofDS-Hacker 3D gameplay can be accessed through the fol-
lowing link: https://www.dropbox.com/s/eoecefxjqx3pnr2/Gameplay%20DS-Hacker%
203D.mkv?dl=0.

VideoTutorials. Video tutorialswere used as the “traditional” digital learning approach
that was used in the control activity. Two video tutorials developed by the School of
Mathematics at the Open State University of Costa Rica (UNED) were used. These
tutorials cover all the LOs taught by DS-Hacker 3D and are available in the official
YouTube channel of the school. The first video covers fundamental concepts of the
BT data structure the second video focuses on fundamental concepts of the BST data
structure.

Data Collection Tools. The measurement of changes in BST conceptual knowledge
was conducted using a custom-made test specifically designed for this purpose. The test
comprised 10 multiple-choice questions, each having three distractors and one correct
answer. It was carefully aligned with the content and learning objectives of DS-Hacker
3D, drawing inspiration from well-known textbooks on data structures such as “Data
Structure and Algorithms” by Aho [1] and “Algorithms” by Sedgewick andWayne [35].
To ensure the validity of the test content, it underwent rigorous verification by two under-
graduate professors specializing in data structures and algorithms from Trinity College
Dublin, as well as six professors specializing in programming, data structures, and algo-
rithms from the UCR. The consistency of the test was assessed using psychometric
techniques within Item Response Theory and the Rasch model, involving a sample of
220 computer science bachelor students fromUCR and the National University of Costa
Rica. The reliability of the test, as measured by Cronbach’s alpha, was found to be 0.76.

To evaluate participants’ intrinsic motivation, we used a Spanish translation of the
IntrinsicMotivation Inventory (IMI) survey [33]. The IMI is awell-known survey used to
assess six factors: enjoyment, perceived competence, effort, usefulness, felt pressure and
tension, and perceived choice, where enjoyment is considered the self-reported measure
of intrinsic motivation [24].

https://www.dropbox.com/s/eoecefxjqx3pnr2/Gameplay%20DS-Hacker%203D.mkv?dl=0
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Participants. Students from the bachelor programme of the Industrial Engineering
Department at UCR were selected to participate in the evaluation. In total, 54 students
participated in the experiment and completed all the surveys and tests. Participants were
randomly assigned to a control or an experimental group. The control group had 28
participants (50.9%), and the experimental group had 27 participants (49.1%). Regarding
their demographic background, 33 participants (61.1%)were female, and 21 participants
(38.9%) were male.

2.2 Evaluation Design

An independent repeated measures design, also known as pre-test post-test experiment,
was conducted with randomly assigned students. The experiment was facilitated through
a web application, which also served as the platform for completing surveys and tests.
Initially, students were presented with a consent form and agreement checkbox, and
upon agreement, they were randomly allocated to one of two learning activities by the
web application. General instructions for the experiment were then provided, followed
by a demographic survey. Upon completion of the survey, participants proceeded to
the pre-test section, where instructions and questions were presented. Subsequently,
the web application delivered the learning activity instructions and materials, which
participants completed before advancing to the next section. Following the learning
activities, students were given the post-test and the IMI scale. Upon answering all the
questions, participants submitted their surveys and tests, with the data being stored in a
Firebase database.

3 Results

Tables 3 and 4 present a comprehensive summary of the descriptive analysis of the pre-
test, post-test, and IMI scores, and the differences between the post-test and pre-test
scores. The tables include the median, mean, variance and standard deviation.

Table 3. Descriptive statistics of the differences between the post-test and pre-test and the IMI
scores of the control and experimental group.

Difference
Control

Difference
Experimental

IMI Score
Control

IMI Score
Experimental

Number of values 28 27 28 27

Median 3.5 4 105.5 117

Mean 3.54 4.04 101.21 115.59

Variance 5.89 3.11 276.55 140.71

Standard Deviation 2.43 1.77 16.63 11.86

Figure 2 presents the boxplots which also summarize the results of the descriptive
analysis.
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Fig. 2. Boxplots of the (A) pre-test, (B) post-test, (C) difference between the pre- and post-test,
and (D) IMI scores.

Results of the t-test performed on the pre-test scores suggest that the difference
between the control and experimental groups were not significant, t(53) = −1.02, p-
value= 0.31 (p-value>0.05). Results of a Mann-Whitney U test on the post-test scores
suggest that the differences between the control and experimental group was statistically
significant,W = 259.5, p-value = 0.04. However, results of the t-test performed on the
differences of scores between the post-test and pre-test scores (post-test score minus
pre-test score; the learning gains) show that the difference between the control and
experimental group was not significant, t(53) = −0.87, p-value = 0.39. Results of the
t-test performed on the IMI scores indicates that the difference between the control
and experimental group was statistically significant, t(53) = − 3.68, p-value = 0.001.
Table 4 summarizes the results of the inferential analysis between groups.

Table 4. Results of the inferential analysis between groups.

Statistic df p-value 95% confidence interval Effect size

Pre-test scores −1.02 53 0.31 [−1.68, 0.55] −0.28

Post-test scores 259.5 0.04 0.28

Differences −0.87 53 0.39 [−1.65, 0.65] −0.24

IMI scores −3.68 53 0.001 [−22.22, −6.54] −1
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4 Discussion

Regarding the learning outcomes, our findings indicate that DS-Hacker 3D is an effec-
tive educational tool for teaching conceptual knowledge about BSTs. The results of the
statistic descriptive analysis demonstrate that students who engaged with the game expe-
rienced significant improvements in their learning. This suggests that the act of playing
the game facilitated the construction of new conceptual knowledge. Based on the peda-
gogical design of DS-Hacker 3D and the results obtained, we suggest that the presence
of analogies within the narrative elements and game mechanics effectively conveyed the
BST concepts to the students. We can confidently assert that DS-Hacker 3D holds great
potential for integration into formal educational settings.

In terms of comparing the learning efficacy between the video tutorials and DS-
Hacker 3D, our study revealed that both approaches were equally effective. The exper-
imental group, on average, achieved a higher score on the post-test, and this difference
was statistically significant. However, when considering the learning gains (post-test
score minus pre-test score), there was no statistically significant difference between the
two groups. These results indicate that well-designed educational video games, such as
DS-Hacker 3D, have the potential to be just as effective as video tutorials in teaching
conceptual knowledge.

The positive results of the post-test scores in DS-Hacker 3D may be attributed to
its pedagogical aspects and alignment with learning theory. The game ensures that the
LOs and LAs are well-aligned and framed by Kolb’s experiential learning theory. By
applying the alignment principle, DS-Hacker 3D aims to guarantee that all students can
achieve the LOs. Furthermore, the game elements, such as narrative mechanics, chal-
lenges, environment, and user interface, were designed to engage students actively and
facilitate the learning process. For example, the game incorporates analogies, facts, and
terminology related to the BST data structure, allowing players to recall and apply con-
cepts through gameplay. The puzzles and traversal of the game environment structured
as a BST further reinforce the understanding of fundamental BST concepts. These game
features aim to ensure that all players are motivated to achieve the learning objectives,
leading to effective learning outcomes.

Our findings regarding intrinsic motivation revealed that students who played DS-
Hacker 3D exhibited higher levels of intrinsicmotivation compared to thosewhowatched
the video tutorials. Intrinsic motivation is a desirable characteristic for effective learning
experiences as it enhances students’willingness to actively engage in the learning process
[19, 42]. DS-Hacker 3D outperformed the video tutorials in this regard. The results
indicated that nearly all the students experienced a sense of enjoyment while playing the
game, and simultaneously, they perceived their participation as meaningful and relaxing.
This discovery is particularly encouraging as it contrastswith previous studies suggesting
that a significant proportion of adults in higher education are not motivated by video
games [44].

The game’s higher scores in intrinsic motivation may be attributed to its motivating
elements. The game narrative, including the plot and character story, enhance immersion,
curiosity, and engagement [7, 22, 45]. The appealing cyberpunk and sci-fi theme may
also contribute to maintaining high levels of intrinsic motivation. The inclusion of chal-
lenges and goals within the game further may boost players’ motivation. Achievement of
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challenges, task-related goals, and progression are known techniques to increase moti-
vation [6, 7, 22]. DS-Hacker 3D offers multiple levels with increasing difficulty, each
accompanied by tasks and cognitive puzzles. The game ensures that the provided BST
concepts align with the players’ skill level, allowing for successful completion of tasks
and puzzles. Overall,DS-Hacker 3D effectivelymatches challenges and tasks to players’
skills, providing motivation and a sense of progression throughout the game.

4.1 Limitations

While we aimed to conduct a comprehensive evaluation and analysis, it is important
to acknowledge the limitations of this study. Firstly, the sample size used for assessing
human psychological features was relatively small. Human constructs such as learning
and intrinsic motivation exhibit significant variability, necessitating larger samples to
enhance the reliability of measurements and the statistical power [21, 26]. Furthermore,
our evaluation focused on a specific population with similar characteristics, namely stu-
dents from the same year and school. Replicating the study with a diverse population
may yield different results. Another limitation is the assumption that the Spanish trans-
lation of the IMI survey possesses equivalent psychometric properties as the original
English version. Although we conducted inferential statistical analysis using parametric
methods based on this assumption, it is advisable to verify the psychometric proper-
ties of the Spanish version following best practices. Lastly, our methodology primarily
confirms that learning occurred without delving into the specifics of how individuals
were learning. To address this gap, future research should employ qualitative studies and
appropriate methodologies to explore the learning process in depth.

5 Conclusion

This study has evaluated a DGBL tool with embedded analogies in its narrative elements
and game mechanics to facilitate learning computer science conceptual knowledge,
specifically BST conceptual knowledge. The game, called DS-Hacker 3D, was tested
with university students. Our results show that video games can be efficient learning tools
that facilitate the learning process of abstract conceptual knowledge. Additionally, our
results show that our video game increases the students’ intrinsic motivation, a desirable
characteristic that learning experiences should have. These results demonstrated that
DGBL approaches have great potential in higher education environments to support
classes.

While we have shown that video games can be used for learning complex data struc-
tures, there is potential for using video games for learning many other types of science
knowledge through the combination of analogies, narrative elements, and gamemechan-
ics. For example, abstract models that explain complex phenomena, such as electricity,
atoms, or the immune system, can be represented through a game’s operative model
allowing the player to interact through the game mechanics. Analogies in conjunction
with the game’s narrative elements can be used to explain the relation between the game’s
model and the phenomenon studied. For this reason, we expect the approach described
in this paper to generalise to many domains, in particular within science learning. Future
work will explore this potential further.
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Abstract. Recent research shows that while architecture plays a significant role
in our daily lives and public discourse, it is primarily accessible to those already
knowledgeable about the subject. Building connections among diverse groups
is crucial to promote a better understanding of architecture without imposing
educational prerequisites, or specific stylistic doctrines. ARCHI.101 is a serious
game, in an Escape Game format, designed to immerse players in architectural
history and theories, through the example of the Villa Savoye, allowing them to
engage in three-dimensional spaces and interact with historical figures like Le
Corbusier and Pierre Jeanneret. The game aims to provide a deeper understanding
of architectural doctrines from the 20th century and beyond in an interactive way,
while involving the public in a more collaborative approach: Player feedback is
integrated into the game andmade visible to all through open data, which can guide
developers and architects in their practice. The game will be accessible online
and could be modified by anyone. It serves not only an educational purpose but
also encourages an integrative approach to different perspectives on architecture,
fostering interdisciplinary debate.

Keywords: Architecture · History · Interactive story · Education ·
Collaboration · Open Serious Game · Cultural engagement · Escape Game

1 Introduction

“Architecture is the great book of humanity, the principal expression of man in his
various states of development, either as strength or as intelligence.“ - Victor Hugo.

As referred to by Victor Hugo, architecture is a central element of our society,
influencing how we perceive the environment around us. Yet, as architecture students,
we often perceive a difference between our perception and appreciation of architectural
theories compared to those who have not been initiated to architecture. Understanding
the spaces that surround us should not be exclusive to insiders, as architecture impacts
the living spaces of everyone.

The dissemination of architectural culture, - which we mean in this paper as the
dissemination of historical and theoretical knowledge about architecture, and not in the
sense of practical architectural education -, is a subject dealt with by different organi-
zations and actors. The means employed are wide-ranging, but the angle of learning
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through digital tools, such as serious games, is still little addressed, yet it is a viable
teaching solution in the face of the current challenges, like the digital transformation.

The first part of this paper will explore the causal relationship behind this cultural
gap, in France, where we are conducting this research at the Ecole Nationale Supérieure
d’Architecture de Toulouse. Then, we will describe the game scenario, the educational
principles used and the methodology applied. We will also explain the collaborative
approach through its online availability and data collection.

To carry out this study, we chose to focus on the following question: How can we
develop a serious game with interactive scenarios and collaborative methods to promote
architectural culture to the general public?

2 Present Circumstances and Serious Games

2.1 French Architectural Culture

Several studies have attempted to understand the ins and outs of the relationship of
the French to architectural culture. The most exhaustive study allowing us to grasp the
issues was conducted by Guy Tapie, in 2018, in his work “La Culture Architecturale
des Français.“ [1]. In his book, Guy Tapie questions the French on their knowledge
surrounding the fields related to architecture. According to their self-assessment, 84%
of French people do not consider themselves as knowledgeable about architecture fields.
Moreover, his study proves that this gap between “knowers” and novices is related to
socio-cultural status, and not to age and gender. In the same way as theater and opera,
architecture suffers from the stigma of the arts: it is displayed as a culture of its own that
requires education in a given social context.

Then, it seems that the French general public does not consider itself fully initiated
in architecture. First, architecture is not taught as thoroughly as other arts in schools,
which may limit the knowledge and appreciation of this discipline among the younger
generations. It is also not well represented in the popular media. This can hinder the
understanding of the underlying issues of architecture, such as the understanding of
urban spaces. It is therefore important to promote architectural education in order to
raise awareness about the importance of understanding architecture.

2.2 Serious Games

Serious games, - that can be defined by an interactive and engaging digital application
designed to entertainwhile conveying educational, informative, or trainingpurposes, - [2]
appear to receive limited attention from architects in research, and existing architectural
initiation games tend to be focused on history, such as the one developed by Capecchi,
I. et al. (2022) [3].

Nevertheless, they appear to be well-suited, as one of the barriers to architectural
initiation is physical distance and the inability of certain groups to travel in order to be
initiated to architecture through physical means. Moreover, the possibility of immersing
the player in 3 dimensions in serious games makes sense in this case, because compre-
hension of architecture is first and foremost an initiation to the properties of architectural
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spaces. It should also be noted that serious games offer an alternative mode of archi-
tectural communication by providing an interactive and narrative context. The use of
narration and historical context is not just a convenience, in this context, but a crucial
instrument to understand the theoretical and historical facets of architecture.

To add narration and exploration through the game, we explored Panagiotis Fotaris
[4] analysis of Escape Rooms for Learning. It highlights the potential of educational
escape rooms as innovative, collaborative instructional tools, promoting critical thinking
and engagement.

3 Description of the work conducted

3.1 ARCHI.101

We decided to take into account all these studies and factors to create a serious game to
introduce the general public to architecture, which we named ARCHI.101.

ARCHI.101 is a game developed to be played from the first-person point of view in
a 3D environment. We chose to develop the first level, “Les Heures Claires” in the Villa
Savoye designed by Le Corbusier and Pierre Jeanneret in 1927.

Presented as an escape game, the player navigates through the Villa, engaging with
the architect and uncovering the architectural theories at play, all while embarking on a
quest to find letters relevant to the Villa’s history. The letters’ whereabouts are disclosed
through interactions with characters such as Le Corbusier, and Mr. And Mrs. Savoye,
as well as the exploration of various objects within the Villa. The player is given the
freedom to roam the Villa at their own pace, enabling them to experience space as they
would during an actual visit (Fig. 1).

Fig. 1. ARCHI.101: game presentation poster.

3.2 Theoretical Framework

Which educational theories promote experimentation in a collaborative and open learn-
ing environment? We can consider Piaget’s (1923) [5] constructivist teaching approach,
according to which individuals construct their own knowledge and understanding of the
world by interacting with it. This approach suggests that teaching must be based on
individual experience and discovery to promote meaningful learning.
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We also take into account Edgar Dale’s Cone of Experience (1970) [6]. It illustrates
how active participation, like hands-on experiences, leads to higher retention and under-
standing compared to passive learning methods. These principles align with the concept
of a serious game due to the opportunities it offers for discovery and interactivity in learn-
ing, despite the virtual nature of the experience. By using this teaching method in the
context of architectural discovery, the aim is not to impose a doctrine or to incite novices
to appreciate different architectural trends, but to provide them with the necessary keys
to understand architecture in an autonomous way.

In order to determine how to integrate these principles into ARCHI.101, we will look
at the different techniques used in games to maintain the player’s attention (Playability
factors). From this basis, we suggest a methodology based on skills to acquire (Skills
acquired) to be applied when creating a serious game of this kind.

3.3 Practical Approach

Playability Factors
Researchers and design studios have examined the playability factors that keep a person
alert and attentive while playing a video game, which are deeply linked to the theories
we mentioned above, as both learning and playing require a sense of engagement and
interaction. Focusing on the work of Jesse Schell, [9] author and game developer, but
also Fabricatore et al. [7], and St-Pierre [10], who analyzed the playability of video
games and serious games, we can summarize these factors in 4 main categories, which
lay the foundation for the methodology used to create ARCHI.101. According to them,
we can summarize the key elements of a successful video game in 4 points: historical and
immersive storyline, (1) a sense of progression and reward, (2) challenging gameplay,
(3) and interactive engagement (4).

Skills Acquired
Based on the stated constructivist principles and the playability factors, we try to theorize
a gameworld based on constructivist principles.As the player progresses, he/she acquires
different skills, linked to the playability factors.

- It anchors himself in a historical and social reality (1): The player is introduced
to an initial object of study, an architecture or historical urbanistic context, enabling
them to explore and comprehend the architectural setting through a historical narrative
and contextual framework. Linking with constructivist principles, the narrative shapes
an immersive environment, situating the player in time and space, allowing them to
understand the significance of their learning and personally engage in the process.

Through the environment created, we reproduce different periods in the Villa’s
history: in this example, we reproduce the period of its degradation, in 1963 (Fig. 2).

– It understands the ins and outs of an architectural theory (2): In a serious game, we
incorporate a “toy”. The toy is the mechanism used in the serious game to keep the
player alert. Through the input of objects that the player can manipulate, we bring
him additional information on the given environment. In the constructivist approach,
learners enhance their learning by actively participating in hands-on experiences and
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direct manipulation of objects. By implementing various objects, and also the book
of the “Complete Works of Le Corbusier” containing some of his most important
theories, the player discovers the theories associated with the architect as he discovers
the Villa (Fig. 3).

– It challenges and examines an architectural theory (3): In line with constructivist
principles, the player stimulates intellectual curiosity and free will when facing deci-
sions in their learning. They reevaluate applied theories, making multiple attempts
that shape their knowledge. The Escape-Game logic helps fulfill this purpose, as the
player’s objective is to find hidden letterswithin the villa. However, it’s not as straight-
forward as simply locating the letters. Instead, the game incorporates a method where
the letters are indicated by clues, dialogues with the characters, and hints embedded
by the objects found throughout the gameplay. The player must interact with the
environment and engage in conversations to uncover these letters, and collect them
(Fig. 4).

– It develops a well-supported opinion and critique by deeply understanding the theory
and providing feedback (4): The game challenges and interventions allow the player
to bring critical opinions to the objects initially presented and develop an advanced
point of view through practice and manipulation. Interaction promotes a balance
between assimilation and accommodation in constructivist theories, fostering a taste
for informed critique of actively engaged learning. Through exploration and ques-
tioning, the player can shape their perspective and provide constructive feedback. The
next section of this analysis will discuss the theoretical development of incorporating
player feedback into the ARCHI.101 project.

Fig. 2. ARCHI.101: comparison between archive photographs (FLC) and game.

Fig. 3. ARCHI.101: interaction with the “Complete Works” of Le Corbusier.
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Fig. 4. ARCHI.101: Le Corbusier’s character speaking, events and challenges.

3.4 Collaborative Approach

Analyzing player feedback is the next step in the game’s development. To facilitate
this process, the game, which is currently being developed, is envisioned as an online
platform. By setting up a server to collect, sort, and analyze player feedback, the platform
can generate statistics that can be made public online. For instance, the opinions of
players on the presented theories or the architectural value of the spaces can be collected.
The learner actively engages by expressing their views in the debate.

Building on this idea, we can approach the design work collaboratively. The “Open
Serious Game” is a concept and an online manifesto created by Quach A. and Nsounga-
Matondo H. [11], focusing on making knowledge sharing, learning, and transmission
accessible to everyone. Games that are part of the Open Serious Game framework are
built on the values of being free and accessible, allowing the possibility of reuse by
others, and under public ownership. These values help to foster collaboration among
game developers, teachers, and students, and facilitate the sharing of knowledge.

When putting these core concepts into practice, one of the crucial steps includes the
creation of a dedicated website for our game. This website will provide access to the
downloadable executable of the game. We will also provide the modifiable game files,
allowing people to develop new levels based on other architectural theories. Furthermore,
we are in the process of setting up an online statistical analysis system to gather user
feedback within the game. It involves including in the website links to a questionnaire or
forum, gathering statistical data. As the development progresses, in a future update, we
aim to explore the possibility of directly collecting user data within the game based on
their actions. However, this plan is still in development and has not been implemented
yet. Ultimately, our goal is to make our game accessible, modifiable, and improvable by
everyone, while collecting data to continue to improve it.

4 Perspectives

The use of narrative and interactive storytelling is particularly meaningful in the context
of online education, where it can facilitate the dissemination and comprehension of
architectural theories to a larger audience. These innovative approaches offer unique
opportunities to engage diverse audiences and foster the transmission of knowledge in
a fun and accessible way.
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Building on the collaborative approach and the idea of the Open Serious Game, the
ARCHI.101 project aims to push forward this agenda by promoting innovative edu-
cational techniques that enable everyone to learn about the theories of architecture on
a large, online scale. Currently a work in progress, the next step involves making the
serious game available online for users to play, modify, and provide valuable feedback
on the showcased architecture. By analyzing the results of this project, we can rethink
traditional pedagogical methods, with the goal of improving the quality and accessibility
of education for all. In today’s digital age, where information is readily available, it is
crucial that we strive to ensure that knowledge is not restricted to a privileged few but is
freely accessible to anyone who desires it.
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Abstract. The serious game Codescape is developed at the RWTH Uni-
versity and used in several introductory programming courses with a
total of 3000 students per year. The game supports the simultaneous use
of several programming languages and is modular in structure, to fit the
specific needs of certain usage scenarios or lectures. Codescape was devel-
oped with the intention of levelling out the initially heterogeneous skill
level of the students and giving beginners a playful and small-stepped
introduction to imperative programming without the requirement to set
up a local tool chain as it is completely browser based. In this article
the game itself, architecture, authoring tools and our survey results are
presented.

Keywords: Serious game · programming · game-based learning ·
e-learning

1 Introduction

Computer science as a subject is increasingly popular. Although there are many
different introductory programming lectures at our university, they all struggle
with the varying previous knowledge (Fig. 3) the students have in the field of
programming. For many beginners, the start into the concept of programming
is challenging and others struggle with the pace of lectures. Also new tools and
compilers can be a hurdle for beginners. Therefore, to facilitate the start for as
many students as possible, in addition to a suitable learning environment also
a didactic scenario is required to add motivation and in which they can learn
and, above all, practice programming independently, at their own pace, free of
intimidating environments.

The serious game Codescape uses the digital based learning [11] and aims to
address these issues. The concept of the game was developed in close collabora-
tion with different stakeholders. This was important, because the game is used
in various lectures with partially different programming languages (sometimes
even several in one lecture) and even different teaching concepts. In addition to
c© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
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being used on a voluntary basis, the game is also used as part of the exam, for
which purpose the compilation and evaluation of the student programs should
be stored on our own servers. To satisfy all these needs, players should be able
to play unsupervised from home, like in an exercise, but the execution and eval-
uation should take place on the server.

2 Related Work

Educational games and learning environments for practicing programming have
been around for as long as computers have existed. The concept presented in
the book ”Karel the Robot” [10] in 1981 was implemented as a learning game
for many programming languages.

We are aware that there are also several projects using drag & drop blocks
or visual programming languages like scratch [7]. There are promising results [2]
in a study with school children using scratch as a first programming language.
However, due to the significantly higher learning pace at universities and because
of the additional hurdle of then again transitioning to a professional textual
programming language - we decided to abandon the use of visual programming
languages and to start with the languages that will be taught in the lecture.

Most programming learning games let the player write code to solve certain
problems. Games like Code Hunt [12] and EleMental [3] let the player solve
puzzles or have a specific focus. Code Hunt provides the expected result of a
correct solution and requires the player to write an algorithm which provides
the same outcome in several tests. EleMental is focused on recursion and depth
first search. A game called RoboBug [8] is focused on debugging as an important
part of the programming process. Alice [4] has a focus on object oriented content.
Players can create and control different 3D objects and in newer version even
make use of VR. Kara [6] originally had a focus on learning finite automata with
visual programming, which was also expanded to use with other programming
languages.

Many of these examples have been and are being run on computers in the
classroom with a teacher as supervisor, with the aim of learning. It is difficult
to determine without supervision whether a player has actually solved the task.
We decided for a concept with unsupervised learning due to a big amount of
students and new online learning trends. Code Combat [1] is browser based and
a good example of a commercial game, with multiplayer support and several
programming languages to learn. Still the number of programming languages is
limited there, the game is not open source.

In summary, nowadays a large number [9] of games are developed, almost for
every language and programming concept or theme. A big problem with these
games - only a handful are accessible and even less are open source. Often a
game lifetime ends with the end of a project or research.
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3 Codescape

The serious game Codescape was developed in 2016 at the RWTH University
and is specifically designed for self-regulated learning from home. It avoids all
the previously mentioned hurdles and adds game elements and storytelling as
additional motivation.

Fig. 1. (A) Game map, (B) Code editor, (C) Error console

As a player, you explore a runaway spaceship. The Spaceship is divided into
7 decks consisting of 32 levels and mini-games. The decks group the learning
material in terms of content and are unlocked with the progress in the lecture -
to encourage continuous learning. In the Codescape level (Fig. 1), the students
guide a robotic companion (RB) in the form of a dog from a starting point to
a target point. As a challenge, they need to survive and stay within a certain
command-line length limit that varies depending on the level and the respective
programming language.

There are obstacles to overcome, such as lasers that can turn on and off
randomly, holes in the floor, etc. Each time a start button is pressed, the program
is compiled on the server side, executed and the movement of the RBs path
through the level is visualized in the form of an animation. To increase replay
value and also to offer more challenges for experienced students, additional game
elements - the power cells are introduced as a secondary target. These cells are
placed in the levels in such a way that they can only be collected through the
use of advanced programming constructs.

Not every programming concept is suitable to be mapped as a game level. In
this case we offer additional tasks in form of puzzles, drag & drop and multiple
choice. The storytelling components with intro video, avatars and dialogues com-
plete the serious game. The game is currently available in German and English
(Fig. 2).
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Fig. 2. From left to right: a level with a maze, main hub, a level to use arrays

The levels are saved in the database and can be created and changed using a
level editor. The editor is easy to use and, in addition to the visuals, also allows to
enter the right solutions, the task and also the parameters for the randomization
of the level. For example, a labyrinth can be newly generated for each player. The
level’s map is divided into several layers and, in addition to static elements, also
includes dynamic ones, such as various lasers, teleporters, buttons and input
& output terminals. Depending on the logic of a level, the dynamic elements
can be interconnected. For example, a laser can operate randomly or in certain
intervals. There are also lasers that are controlled via a button or input terminal.
The learning scope depends on the lecture and the used language.

Since the game was originally planned to accompany a lecture, there were
no explanations or tutorials in the game. Over time and with changing areas of
application, in-game explanations and tutorials were added and appear in the
form of a spaceship logbook. The game now is in a state that it can be used
stand alone, without a lecture. Furthermore, the game would offer immediately
suitable explanations without having to refer to external sources. In order to
address as many different types of learners as possible, the content can contain
videos, images, texts and animations (without sound). The content can be easily
created and edited via the authoring service in the back end. The explanations
can be assigned to a category and are unlocked gradually as the game progresses.
The content varies per programming language and can be rated by the players
with stars.

3.1 Software Architecture and Multi Programming Language
Support

As mentioned above, Codescape is a browser-based game. The students’ pro-
grams are compiled, analyzed, executed and evaluated in various Docker con-
tainers. The programs themselves but also the results are stored in the database
and displayed to the player. Although Codescape was initially only developed
for Java, the switch to compilation in Docker allowes easy integration of other
programming languages. The Docker containers also allow to limit the resource
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consumption per compilation process and to encapsulate the players in the con-
tainer in order to guarantee safe execution. Currently Java, Python, C, Java
Script and Julia are supported. With just a few adjustments, most levels can
be reused for multiple languages. Some lectures teach several programming lan-
guages in one lecture, so the game has been adapted and now allows to choose
the programming language and explanations per level.

3.2 Operation

Codescape was originally developed as one installation per lecture. It worked,
but as the number of lectures and different requirements increased, so did the
administrative burden. As a solution, all different game versions were packed in
one installation. As described above, dockerization allows us to combine different
languages in one installation. In addition, this enables several identical versions
to be operated in parallel. Demo, production and test versions can be created
for a customer with just a few clicks by copying. Only the references to the game
content itself are copied, so errors can be quickly eliminated for all iterations.
The registration for the game are either done manually or more and more often
via Moodle, but other learning platforms can also be integrated relatively easily.

4 Evaluation and Research

The game has been in use for seven years and generated over 2 million submis-
sions. A survey was always made in the game itself in form of a questionnaire.
Since the results hardly differ from year to year, the results from 2022 are pre-
sented here. 606 players from a total of 847 lecture participants took part in the
survey. Figure 3 shows the result of a self-assessment questionnaire at the very
beginning of the game and the lecture. The previous knowledge of the players
has been and surprisingly has remained very heterogeneous for years.

Fig. 3. Self-assessment of the students’ prior knowledge. Data from 606 students.

As shown in Fig. 4, the game was rated very well in overall. The difficulty
of the game was rated spot on at 73%. The graphics were also mostly rated
positively. The integration of the game into the lecture was rated as good by only
45%, it is probably due to the lack of object-oriented parts and languages that are
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Fig. 4. Survey results from a introductory course in programming, winter therm 2022.
Data from 606 students.

taught in the lecture and do not yet appear in the game. The comprehensibility
of the tasks still needs to be improved. Most players (66%) stated that the game
helps to better understand the lecture material. Most gamers (75%) found the
space setting to be good, and 42% of respondents even stated that they would
like to play the game in their free time.

The wish to improve the game and the amount of data generated by users,
motivated us to start a research. The aim of our study [5] is to understand the
problems that players face when learning to program with the game and try to
offer an adaptive help. For this case we analyze the problem solving strategies
the players use in the game, to give an adaptive feedback in the future. We also
run an eye-tracking study with Codescape as a validation method on one hand
and hope to see synergies in eye-tracking and game data.

5 Conclusion and Future Work

The game has been in use since 2016 and continues to be developed. Support
for new programming languages, a level editor and the logbook came along. The
game gets positive feedback from players and from lecturers. Of course, there is
always space for improvements.

In the future, we plan to support more programming languages, especially
those taught at the RWTH Aachen University. We also started with adapting to
logical(Haskell) and functional(Prolog) programming languages. Object-oriented
content is also a big wish. For both, a lot will be changed in the structure of the
game and also the interface, but also a new story line and content will be added.

The game thrives on content, so ideas and suggestions are gladly implemented
into new content every year. Furthermore, the creation and management of con-
tent(tasks, levels, help) should be simplified. The players should also have the
opportunity to create their own levels and tasks and to propose them for the
lecture after a peer review. Another possibility to create new content would be
to facilitate the exchange with other platforms and games.

Finally we hope to integrate the findings from our research in the adaptive
feedback function with connection to a suitable explanatory resource.
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Abstract. A logistics drone routing game utilisingmodelled flight risk and energy
consumption data is presented, and its design elements are discussed. The game
has been developed as part of a multi-disciplinary research project tasked with
generating new understanding of the energy use and risks associated with drone
use in logistics alongside the wider implications for society. The game aims to
engage with a non-specialist, adult audience on the risk and energy implications
associatedwithwhere logistics dronesmayfly. People’s views of this new transport
mode are gathered to support the wider research project. Use of the Unity3D
engine and tilemap system are explored to provide an engaging context for users
to build their own flight paths to solve drone delivery problems. The integration of
modelled drone flight risk and energy data into the game is examined, aswell as the
utilisation of satellite imagery and geographic data. This data allows for a realistic
representation of the route planning problem and for the simulation of drone flights
along user-defined paths. Preliminary findings from two pilot trials indicate the
game’s effectiveness in engaging audiences and stimulating discussions about
drone deliveries. Conference attendees are invited to experience a demonstration
of the game.

Keywords: Logistics drones · Risk modeling · Serious games

1 Introduction

Drones have been developed for logistics purposes with trials taking place in many
countries, with somemore established services in Africa [1]. As a newmode of transport
in lower airspace, the introduction of logistics drones raises many questions on where
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they should fly. Direct routes use less energy but have implications for ground risk if
they pass over densely populated areas. It is challenging to involve non-specialists in
debate about where drones should fly as most people are unlikely to have knowledge or
experience of logistics drones and are largely disinterested in a transport future that is, for
the most part, yet to exist. To involve non-specialists in discussion about drone routes,
the E-Drone project (https://www.e-drone.org/) has developed several tools to garner
people’s interest in logistics drones and to help them understand the implications. This
includes the development of a digital game, ‘Navigating the Skies,’ which draws on the
expertise of the multi-disciplinary project team including the modelling of energy use
[2] and ground risk [3]. Navigating the Skies aims to engage with a non-specialist, adult
audience on the risk and energy implications associated with where logistics drones may
fly. This demo paper begins with a brief overview of games research in the sustainability
and logistics fields. It then sets out the gameobjective and scenario, before focusingon the
game design, particularly the integration of modelled flight risk and energy consumption
data. To finish, an overview of the deployment settings and initial findings from two
pilots are presented to demonstrate the game’s effectiveness in engaging audiences and
stimulating discussions about drone deliveries.

2 Literature Overview

Game based approaches are increasingly used to bring stakeholders to a dialogue on
complex sustainability topics [4] since they facilitate social learning that leads to practice
change [5]. Most success is achieved with games linked to specific contexts and based
on real-world data of immediate relevance to participants [6]. Within the transport field,
serious games have been used to help stakeholders understand complex decisions in
transport planning [7], with more general audiences to educate people on use of new
transport modes [8] and Freese et al. [9] have analysed the use of serious games as a
research instrument in the transport field. Several studies have used serious games in the
logistics field [10, 11]. Transport games focus on transport systems that already exist and
typically facilitate better use of transport by the public or experts with the overarching
aim of achieving cost savings or environmental benefits. Navigating the Skies is about
a transport technology that has not been implemented beyond discrete trials and the
focus is on helping players reflect on decisions that will impact future regulation and
governance. We use the game as a research tool to engage players in drone routing
decisions involving risk and energy trade-offs. To our knowledge ‘Navigating the Skies’
is the first serious game focused on logistics drones or future flight transport technologies
more broadly and has some similarities to flight planning tools.

3 Game Objective and Scenario

The objectives of the game for the research were to:

• Engage stakeholders and public in drone delivery risk-energy trade-offs.
• Collect data about decisions made by users to gain insight into their choices.
• Evaluate and quantify post-game data on user reflections about drone logistics.

https://www.e-drone.org/
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This required a game that captures the audience’s interest, is fun to play, and includes
multiple layers of complexity. Themission is to deliver a package from point A to point B
using a drone by constructing a route whilst considering the drone’s battery life (energy
consumption) and ground risk. To achieve this, the game utilises satellite imagery to
allow players to explore drone flight paths in their own area. The game design focused
on Southampton, UK, as the project team were modelling drone delivery scenarios in
this area, however, the modelled data and game can be transposed to other places.

Users can build a route from an origin location to a destination by selecting squares,
known as tiles, on a rectangular grid superimposed atop a satellite image (see Fig. 1
left). Constructed routes are continuous, self-avoiding, and have a fixedmaximum length
constrained by the battery limitations of real delivery drones.Modelled energy usage data
is used to calculate the energy expenditure of a drone flying an equivalent distance on the
underlying satellite image. A battery indicator displays the remaining energy available to
select more squares. Selecting a tile on the grid reduces the amount of energy remaining
to select additional grid tiles. Squares on the grid store modelled drone ground risk data
which is shown to the user with a number and a colour to indicate the severity of risk
for various locations. This users to the challenges faced by researchers when creating
delivery routes in the real world. As a route is constructed, ground risk along the path is
accumulated and plotted on a graph. Users are encouraged to investigate the tradeoffs
between risk and energy when constructing their routes. Once a complete route from
the origin to the destination is created, the user can submit the route and be shown a 3D
flyover following their constructed route (see Fig. 1 right).

Fig. 1. Left: Selection scene in the digital game.Green and redflags indicate origin and destination
locations. An orange delivery route is being constructed on the square grid. White tiles show
possible next selections. A tooltip shows the risk rating and changes colour, from green to red,
based on the relative risk of the square beneath it. Toggle switches to show the risk map and local
school locations are in the top left. A risk accumulation graph, battery indicator, undo, and submit
route buttons are to the right. Camera controls are to the bottom of the figure. Right: 3D flyover
scene with Open Street data. A minimap shows the drone location in the top left with camera view
toggles in the bottom right and flight statistics in the bottom left.
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4 Game Design and Development

A game environment was constructed in the Unity3D game engine and formation of
an interaction space was achieved with the Unity Tilemap system. Upon the beginning
of play, a procedure commences whereby a series of tilemaps are spawned. These hold
the satellite imagery, start and end points, selected route tiles, and surrounding tiles.
An in-game camera is positioned to frame the area of player interaction and User Inter-
face elements, such as the risk accumulation graph, are placed in the viewport. Unity’s
Tilemap system brings with it a GridInformation data structure component. This compo-
nent allows data to be assigned to tile positions with associated keywords. As such, both
relative and absolute risk are stored in the GridInformation and are accessible during
game play. A GameManager component is used to handle the game state, facilitates the
loading of levels andmenus, and storage of user data during play. AMainManager allows
data persistence between levels and communication between game scripts. Two levels,
the selection and 3D flyover scenes, are present in the game. The user is first shown the
selection scene in which they are tasked with constructing a route, after which users are
asked to submit the route with the “GO!” button and can then watch a drone fly over a
3D reconstruction of the proposed path. Data from Open Street Map and Mapbox have
been used to create a 3D environment of the Southampton area and a CAD model of a
delivery drone is animated to fly along the proposed route.

In the event of a drone malfunction during flight, there is a probability that the
craft will plummet towards the ground, colliding with an impact kinetic energy. The
likelihood of an individual suffering a fatal injury in such an incident is determined for
a particular location [3]. The risk that the falling drone causes a fatality is known as the
ground risk. To model ground risk, a variety of factors must be considered, including
drone failure data, simulated falling trajectories, wind conditions, drone parameters (e.g.,
weight and airspeed), time-of-day population density maps, road traffic information,
shelter availability, and other relevant variables. A United Kingdom wide dataset of
ground risk is used to incorporate risk for the Southampton area in the game.

Data pre-processing is conducted to ensure suitability for the needs of the digital
game. Using four coordinates of longitude and latitude, a region enclosing Southampton
is established, and satellite imagery is aggregated using theMapbox platform.A riskmap
is generated for 1pmGMTwith fixed environmental conditions [12]. Further processing
involves padding the dimensions of the risk map before a block-reduce algorithm is
applied to average the risk values of neighbouring grid cells and reduce the resolution
of the grid from 456x593 to 8x10, the resolution of the selection scene grid. Finally,
two risk maps are produced, one absolute and one relative. Absolute risk refers to the
probability of fatality per hour of drone flight time, and relative risk is normalized to
represent the relative difference between tiles. Relative risk provides a more intuitive
understanding for users allowing for easy comparison between tiles. An absolute risk
map, however, would exhibit an almost binary nature concentrated on the significantly
higher risk in the city centre area compared to very low risk rural areas surrounding
Southampton. Absolute risk values are stored to calculate the overall absolute risk of a
user generated route in the problem scenario to give as feedback to the player. Similar to
the risk data, energy consumption of drone usage has been modelled and data generated
is incorporated into the game mechanics. An implementation of the energy modelling
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formula is used to calculate the expected energy expenditure over a given distance with
set operating parameters. This function can be used to calculate the energy usage for
arbitrary conditions and distances. When a player appends a tile to their constructed
route, the distance between the selected tile and the previously selected tile is calculated
and then fed to the energy model to return the consumption over that distance. This
is then deducted from a pre-computed maximum energy level available for flight; the
number of selection squares used to construct a route is constrained by this level. An
undo button is featured to allow, and encourage, players to amend their routes in the
selection stage and investigate how different routes affect risk and energy usage.

A command pattern is used to facilitate the route building mechanism. As the user
selects a tile to add to their route, a command is sent to a command handler that stores
the co-ordinates of the selected tile, the absolute ground risk, and energy expenditure.
This information is then processed to add a data point to the accumulated risk graph
and alter the battery level indicator. Commands can be removed from the command
handler by use of the undo button allowing the user to reassess their selection decisions.
A request to add a tile to the route is made with a touch or click from the user, a check
is performed to ensure the tile is immediately surrounding the previously selected tile.
Only the nearest neighbour tiles are allowed to be selected (white tiles in Fig. 1). A
check for self-avoidance is performed to ensure the route does not intersect with itself.
Energy is removed from the remaining battery level and selections are disallowed when
the battery is empty. When a valid tile is selected, an orange selection tile is placed at
its location and the surrounding tile locations are updated. A termination condition is
satisfied when the destination location is reached, the player can then choose to undo or
submit their route to visit the 3D flyover scene. A data collection procedure allows the
evolution of the user’s commands to be saved and a full reconstruction of a given user’s
actions and routes plotted within the game can be collected for further analysis.

5 Initial Game Deployment, Data Collection and Findings

To date the game has been deployed at two public outreach events (Hands on Humanities
and Science Day at the University of Southampton on the 19/11/2022 and 18/3/2023
respectively) that provide a range of engagement activities to involve the public in
research. Use of the game at these events aided the game development and captured
initial data from the public to establish the value of the game in the research project. At
Hands on Humanities the game was available to play on tablet computers, while at
Science Day the game was available on tablets and a larger touch table. Following a
brief introduction, participants were invited to play the game and, where participants’
time allowed, adults were invited to complete a brief post-game questionnaire (Hands
on Humanities n= 31, Science Day n= 10, Bournemouth University ethics committee
approval ID: 45834). Gender composition was 33% male and 67% female for n = 41.
The questionnaire included open and closed questions about participants’ initial thoughts
about delivery drones, where they should fly and the regulation of delivery drones. This
was followed by a short section to provide feedback on the game and questions on
participants’ age and gender. The sample composition (Table 1) indicates participants
included a variety of ages and genders. The data collected post-game demonstrates the
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game helped participants reflect on logistics drones. Participants provided nuanced and
considered views, for example, “Think about sustainability vs. Vans” or “Considering
safety, impact, environmental factors.”

Table 1. Sample composition.

Age 16–24 25–34 35–44 45–54 55–64 65–74 75–84 85 +
(n = 41) % 13 13 18 37 13 0 3 3

Aswell as picking up on energy and risk issues, participants reflected on other factors
such as noise over residential areas, flight times, privacy and types of products delivered,
for example “Interesting concept although have concerns about noise and number of
flights overpopulated areas. Impact on wildlife (birds etc.)” and “I wouldn’t want the
use to escalate to delivery of non-urgent items.” Participants were asked about flight
frequencies in a range of settings showing a wide spread of views (Table 2), though
participants were more circumspect about flights over housing and their own homes.
Feedback on the game indicated it was easy to understand and follow (92% agreed or
strongly agreed). Comments included: “Very helpful in translating the ideas into what
they mean in practice,” “fun and user friendly” and “great for getting the message
across.” Users suggested developments that are informing the game’s features: more
detailed route mapping; additional complexity; and in-game instructions.

Table 2. Which settings do you think it would be appropriate for delivery drones to fly over?

Flight over: No drones
flying
over (%)

No more
than four
drone
flights a
day (%)

A drone
flying over
every hour
(%)

A drone
flying over
every 30
min (%)

A drone
flying
over
every 15
min (%)

Ma SD

Housing 34 39 12 5 10 2.17 1.243

My home 24 46 17 2 10 2.27 1.162

Urban park 25 25 30 8 13 2.58 1.299

Town/city
centre

18 35 20 10 18 2.75 1.354

Countryside 12 32 20 15 22 3.02 1.369

Industrial
area

2 10 32 17 39 3.8 1.145

Scale from 1 to 5 where 1 is no drones flying over and 5 is a drone flying over every 15 min.
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6 Future Work

The project team will deploy the game this autumn in a data collection activity. This will
formalise a data collection protocol that will capture users’ views of logistics drones, the
distribution of risk accumulated, and the routes plotted. Data captured post-game will be
linked to in-game choices on risk and routes. The game has been well received by other
researchers and, given the game was designed to be readily adapted to specific places,
it is now being developed for new locations as part of a second research project. A data
collection procedure to collect both user metadata and path selection data has also been
constructed. The game will be available to download through the project website along
with code and instructions, available for reuse.
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Abstract. This demo paper presents three Games With A Purpose
(GWAPs) created to revise and correct automatically tagged part-of-
speech (PoS) of the most extensive collection of Spanish oral data,
known as the Corpus Oral y Sonoro del Español Rural (COSER, [7],
“Audible Corpus of Spoken Rural Spanish”). The goal is to create a
morpho-syntactically annotated and parsed corpus of European Spanish
dialects through crowdsourced contributions from non-experts. Players
are tasked with assigning grammatical categories (e.g., verb, noun, adjec-
tive, pronoun) to words in input texts within the three GWAPs: Agentes,
Tesoros, and Anotatlón. The creation of the games follows a user-centred
design approach that involves professionals in Computational Linguistics,
Dialectology, and Human-Computer Interaction experts and integrates
players’ input. This demo paper presents the design motivations and solu-
tions from this collaboration. Furthermore, it examines whether players’
personality traits and using particular Game Design Elements (GDEs)
influence their enjoyment.

Keywords: Serious Games · Games With A Purpose · Game Design
Elements · Personality traits · Player enjoyment · Part-of-speech
tagging

1 Introduction

Games With A Purpose (GWAPs), a subset of serious games, enable data
generation, collection and validation as a side effect of people playing a
game [30]. GWAPs, meant to create large annotated corpora, constitute a
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promising approach within Natural Language Processing (NLP). They repre-
sent one of the most practical ways to obtain resources compared to high-cost
and time-consuming manual data annotation or other data collection methods
(e.g. Mechanical Turk) [4]. Furthermore, they can improve the output’s accu-
racy thanks to multiple players’ consensus. The existing body of research on
GWAPs has presented various games to address specific linguistic tasks and
build diverse linguistic resources. These tasks include collecting commonsense
knowledge about words [31], Parts-of-Speech (PoS) tagging [15,29], named entity
tagging [29], anaphoric annotation [21], dependency syntax structure [8], co-
reference resolution [14], word sense disambiguation [29], among others.

This demo paper presents the design of three GWAPs to annotate the PoS of
the COSER corpus (Corpus Oral y Sonoro del Español Rural “Audible Corpus
of Spoken Rural Spanish”), which is the most extensive collection of oral data
in the Spanish speaking world. Each game concept integrates different Game
Design Elements (GDEs) to increase player enjoyment. These variations in the
game concepts will, of course, influence how participants perceive them. Hence,
in addition to presenting the design of the games, the study aims to discover
which game concept is preferred in terms of player enjoyment and whether the
implementation of GDEs and the participants’ personality traits influence that
preference.

2 Related Work

Researchers have explored personality traits and enjoyment to enhance player
motivation. They have examined the Big-Five Personality Traits (i.e., Openness
to Experiences, Conscientiousness, Extraversion, Agreeableness, and Emotional
Stability) [11] to understand how the various player groups perceive the player
enjoyment in a game. Prior studies have also established connections between
GDEs and personality traits. Jia et al. [10] found that people with high Con-
scientiousness perceive progress and levels to be very motivating factors. People
that are more extravert rather find their motivation in GDEs, such as leader-
boards and levels, whereas players with lower Emotional Stability scores consider
rewards and badges more enjoyable. Nagle et al. [19] found that some difficulty
conditions in their experiment contribute to higher enjoyment values for partic-
ipants with certain personality traits. In the context of GWAPs, which aim to
reach more players to contribute to the linguistic tasks, the relationship between
personality traits and GDEs could facilitate the design of games that can be
fine-tuned to be appealing to diverse user groups. Despite this potential, these
relationships remain largely unexplored. There is currently no evidence indicat-
ing whether participants’ personality traits impact the level of player enjoyment
when the same linguistic task is presented in various game concepts. Hence, this
study aims to assess three GWAPs concepts to determine whether the associ-
ations between personality traits and the implemented GDEs increase player
enjoyment and influence their preferences for a particular game.
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3 Game Concepts and Their Game Design Elements

Three GWAPs were designed in the context of our research to incorporate
the PoS tagging task, in which every word is assigned a contextually relevant
morpho-syntactic category (e.g., verb, noun, adjective, pronoun, among others).
The web-based, single-player games present Entrenamiento ‘Training’ and Jugar
‘Playing’ modes (see Fig. 1 screenshots a, b and c). The training mode famil-
iarises players with the games and the PoS tagging task categories, similar to
the training done in Phrase Detectives [5], and Zombilingo [8]. This mode is also
necessary as not all Universal Dependencies (UD) [20] tags used to annotate are
familiar to non-expert players, e.g., an article is common, but a determiner is not
a category taught during education. In addition, the training also helps players
remember the terminology that they already learned. As shown in Figs. 2 and 4
screenshot (a), a colour code indicates the relation between the word to classify
and the corresponding category. Once the training mode concludes, the playing
mode is activated, which is the step where participants formally start helping in
the correction or confirmation of tags. In this mode, the description and colours
are no longer presented as shown in Fig. 2 screenshot (b).

Fig. 1. Leaderboards, levels, rewards and themes implemented in the three GWAPs. (a)
Theme for Agentes. (b) Theme for Tesoros. (c) Theme for Anotatlón. (d) Leaderboards
and levels are presented in the three games. Agentes presents points as rewards. (e)
Coins rewards in Tesoros, one per word correctly annotated and five at the end of the
round. (f) Coins rewards in Anotatlón obtained at the end of the round.

GDEs were incorporated in the design to enhance player enjoyment. These
GDEs were carefully selected from a list of formerly investigated GDEs [24],
where their influence on player enjoyment had already been demonstrated.
Four GDEs were implemented in the three games, namely leaderboards, lev-
els, rewards and themes. Leaderboards were integrated into the game design to
motivate players to enhance their rankings, fostering competition and encourag-
ing them to revisit the game [17,27]. Levels were introduced as a form of reward,



356 R. L. Segundo Dı́az et al.

as studies suggest they contribute to increased player enjoyment [3,10,12,18,28].
Other rewards, such as points, badges, coins, jumps, shields, levels, and leader-
board positions, were included to enhance the gaming experience. Furthermore,
the game’s graphical design was guided by a distinct theme for each GWAP as
can be seen in Fig. 1 screenshots (a), (b), and (c). Agentes immerses players in
a world-saving agent scenario, Tesoros features an avatar collecting treasures,
and Anotatlón revolves around a car race theme. Figure 1 also shows the levels,
leaderboard and the rewards that consist of points for Agentes and coins for
Tesoros and Anotatlón.

Then, with the same goal of increasing the levels of player enjoyment for each
game, specific GDEs were implemented that have been shown to affect player
enjoyment positively. These GDEs included adaptation, challenges, progress,
avatar, customisations, and storyline. Adaptation was integrated to dynami-
cally adjust the game difficulty based on player performance [1,17]. Challenges
were included to maintain a sense of competence by balancing ability and diffi-
culty [33]. Progress, displayed through levels, progress bars, and feedback mecha-
nisms, was another GDE meant to boost players’ sense of competence [10,13,25].
Avatars were incorporated to enhance intrinsic motivation by allowing players
to identify with the game and their avatar [2]. Customisation gave players a
sense of autonomy and control over their actions, leading to increased enjoy-
ment [6,23,26]. Finally, a captivating storyline was introduced to offer players
a more immersive experience compared to point-based and non-fantasy games,
resulting in higher levels of enjoyment [22,32]. The following sections illustrate
the particular GDEs integrated into each game.

3.1 Agentes

In Agentes, a storyline is introduced in the presentation of the game as can be
seen in Fig. 1 screenshot (a). The storyline describes undercover agents saving
the world, in which the player represents an agent. The agent’s mission is to find
transmission messages that help save the world from extra-terrestrials. To get
those messages, they must warrant that they are humans through their language
understanding. Therefore, the annotation task shown Fig. 2 screenshots (a) and
(b) serves as a test to verify that the player is human. For each correctly classified
word, players earn 20 points, and when they accumulate a certain amount of
points, they can collect badges as shown in Fig. 2 screenshot (c).

3.2 Tesoros

In Tesoros, the GDEs adaptation, challenges, progress and avatar are imple-
mented. The implementation of adaptation consists in adjusting the number of
annotated words that the player has to annotate to complete the round. Two
challenges were implemented. The first one consists in finishing a round with-
out mistakes to earn jumps (sort of extra lives). In the second challenge, after
the players earn the extra lives shown in Fig. 3 screenshot (c), the game becomes
more difficult. When players make a mistake, the tiles are not built, so the avatar
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Fig. 2. Agentes and its GDEs. (a) Training mode shows the highlighted words and
their corresponding category in the same colour and the description of the PoS at the
bottom. (b) Playing mode shows the highlighted words in a neutral colour, and the
description of the PoS is no longer visible. (c) Badges are earned when players collect
a certain amount of points.

needs those jumps to survive the round (see Fig. 3 screenshot b). Concretely, if
players make one mistake, they will need one jump to reach the next tile. If
they make two mistakes in a row, they will need two jumps, and so on. Progress
was implemented using the tiles. These give more sense of progress compared to
Agentes as players see that for each annotated word a tile is built, and in this
way, they see their progress in the round.

Fig. 3. Tesoros and its GDEs. (a) Training mode shows a description of the PoS at
the bottom. (b) Playing mode does not show the description of the PoS. (c) Jumps
rewards are earned for finishing round without errors.

3.3 Anotatlón

In Anotatlón, challenger, progress, and customisation were implemented. The
challenge consists of finishing a car race by avoiding obstacles shown in Fig. 4
screenshot (b). Progress has been implemented by adding three races to the
round. Customisation allows players to control the difficulty levels (i.e. easy,
normal, and difficult, as seen in Fig. 4 screenshot c). These levels affect not
only the speed but also the number of obstacles that are presented at random
positions on the race track. More specifically, in the easy level, the number of
obstacles is six, in the normal level, it increases to 13, and for the difficult one,
it increases to 21. Then, after finishing the race, the player is presented with the
annotation task shown in Fig. 4 screenshot (a).
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Fig. 4. Anotatlón and its GDEs. (a) Training mode shows the highlighted words and
their corresponding category in the same colour and the description of the PoS at
the bottom. (b) An extra task is added as a challenge before the player executes the
annotation task. (c) Players can customise the difficulty in which they want to play.

4 Methodology and Results

This study evaluates the three presented GWAPs to determine player preferences
in terms of player enjoyment and the potential influence of personality traits and
GDE implementation. The study was financed by the FWO and approved by
the Ethics Committee (SMEC) of UHasselt.1 Fifty-four participants (30 males,
24 females) were recruited through convenience sampling and divided into three
groups to evaluate their preferences between two game concepts (i.e. Group A:
Agentes and Tesoros, Group B: Agentes and Anotatlón, Group C: Tesoros and
Anotatlón). This separation was done to prevent bias from fatigue due to playing
and evaluating more than two games. After providing informed consent, players
answered the Ten-Item Personality Inventory (TIPI, [9]) and played the first
assigned game in a free-playing period lasting approximately 15 min. Following
the play session, players completed two questionnaires, i.e. Intrinsic Motivation
Inventory (IMI, [16]) and a custom-designed questionnaire, to evaluate their
game perceptions. After two sessions, they filled out another custom-designed
questionnaire to compare the two played games.

Results showed the following links between personality traits and GDEs:
Agreeableness and progress; Emotional Stability and theme; Extraversion and
levels, progress, and rewards; and Openness to Experiences and rewards. Addi-
tionally, we could see that some GDEs (i.e., adaptation, challenges, customisa-
tion, leaderboards, levels, progress, rewards, and theme) were correlated with
player enjoyment.

5 Conclusions

This research was conducted to determine the effects of personality traits and
GDEs on player enjoyment and whether they impacted the preference for a
particular game. The study revealed that player enjoyment plays a role in game
preference. However, concerning personality traits, only two GDEs, theme and

1 Flemish Research Fund (FWO) medium scale infrastructure project reference:
I000418N. Approval number REC/SMEC/VRAI/201/115, granted on 25/03/2021.
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levels, were associated with personality traits and impacted player enjoyment.
Consequently, further research is needed to fully comprehend the links between
personality traits and GDEs.
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Abstract. Mental health, an essential yet somewhatmisunderstood aspect of peo-
ple’s well-being, has a deeply rooted stigma that deters those with mental health
problems from seeking psychiatric help. A novel approach to addressing this issue
is the integration of Cognitive Behavioural Therapy (CBT) within an interactive
story that can be played on a serious game platform. However, if CBT, stories,
and serious games are to be integrated to support mental health, it is imperative to
adapt stories to incorporate CBTmental, physical, social, and emotional activities.
While manually adapting the story is feasible, a more comprehensive approach
lies in automating the process to generate a wide range of readily available stories.
The research described in this paper proposes that the adaptation can be carried out
in five steps. This paper describes work on the first of these five steps, analysing
short stories to identify speakers, which contributes to the identification of the set
of characters in the story. Oscar Wilde’s short story The Happy Prince is used as
a case study for this research.

Keywords: Serious Games · Cognitive Behavioural Therapy · Scenes ·
Character Identification · Natural Language Processing · Oscar Wilde

1 Introduction

Mental health, an essential yet somewhat misunderstood aspect of people’s well-being,
has a deeply rooted stigma that deters those with mental health problems from seeking
psychiatric help [1]. This reluctance to seek professional help poses a serious concern.
A novel approach to addressing this issue is the integration of Cognitive Behavioural
Therapy (CBT)within an interactive story that can be played on a serious game platform.
CBT is a goal-oriented psychotherapy intervention pioneered by Beck [2] and Ellis [3].
The premise of CBT is that incorporating therapeutic activities to change maladaptive
cognitions leads to changes in problematic behaviours and emotions [4]. An important
model of CBT is the resilience model proposed in [5]. This model consists of four types
of resilience: mental, physical, social, and emotional.

A serious game is a game that does not solely rely onpure entertainment but insteadon
honing a specific skill set.Developing a serious gameas a tool for therapeutic intervention
has great potential to transform the mental health state of the individual [6].
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Including an interactive story in a serious game creates an engaging narrative where
the player can impact certain aspects of the story [7]. Having an engaging storyline is
crucial in a serious game since there is usually a noticeable decline in their use over
time as players lose interest; however, an engaging storyline will help players remain
engaged for a longer time [8]. Moreover, there is an infinite and untapped potential in
an interactive story that can be told digitally in a serious game [9].

However, if CBT, stories, and serious games are to be integrated to support mental
health, it is imperative to adapt stories to incorporate CBT activities. While manually
adapting the story is feasible, a more comprehensive approach lies in automating the
process to generate a wide range of readily available stories. The research described in
this paper proposes that the adaptation can be carried out in five steps: scene-based seg-
mentation of the story, character identification and interaction, identification of character
personality traits, identification of emotional states and arcs, and the identification of
insertion points for CBT activities [10]. The output from the adaptation is a story script
that is fed into the serious game platform. This paper focuses on the task of analysing
short stories to identify speakers, which contributes to scene-based segmentation of short
stories since it helps to identify the speaking characters in each scene. These speaking
characters form a subset of the set of characters in the story, and subsets of these char-
acters form the basis for each scene. This paper applies the analysis to Oscar Wilde’s
story, The Happy Prince.

The remainder of the paper is organised as follows: the following section presents a
review. Section three describes the approach. Section four concludes the paper.

2 Literature Review

This section presents the most relevant games in the mental health field related to this
work and a brief literature review on related research in speaker identification.

2.1 Mental Health and CBT in Serious Games

The role of serious games and gamification in promoting treatment formental health is an
emerging area of practice [11]. Presenting mental health issues in a game format offers
two valuable opportunities: to show people who suffer from mental health problems
that they are not alone, and to share with others who do not suffer from this problem a
glimpse of what people with mental health problems go through [9].

In [9], the authors present a game called COEXIST, an interactive decision-making
game where the player takes control of the main character who suffers from depression.
They chose to design depression as a dark character that coexists with the protagonist,
hence the name, interfering negatively with all the mundane decision-making moments.
A similar game was discussed in [12, 13] called Please Knock on My Door, which
followed a similar premise of a main character who suffers from depression; the game
delves into a profoundly personal and emotional experience as it retells the real-life
events of its very own developer.

SuperBetter was an app developed to engage individuals in CBT activities. The
platform adopts a resilience model consisting of four resiliencies: mental, physical,
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social, and emotional. Each type of challenge in the app corresponds to a specific type of
resilience [1]. SuperBetter’s resilience model was adopted in this research as the central
approach to incorporating CBT in a serious game.

2.2 Character Identification

One of the most crucial elements in a narrative is character. A Character is an animate
entity with a narrative role in the story. Character names can come in three different
forms in text: a proper noun (e.g., Sherlock Holmes), pronouns (e.g., He), and nominals–
anaphoric noun phrases that refer to a character (e.g., the consulting detective) [14]. A
straightforward way to detect character names is to use a predefined set of names and
perform exact matching. This list can be created manually; however, creating it is not
a trivial task since characters can be referred to through different aliases. For example,
Sherlock Holmes can be referred to as Sherlock,Mr. Holmes, orHolmes. Some automatic
approaches use honorifics or titles such as Mr. or Ms. to check the surrounding text
for character names [15]. Other approaches use verbs associated with human action
since only characters are likely to be their subject [16]. In [17], the authors detect
characters using a hybrid system combining statistical machine learning and hand-built
rules. Moreover, some approaches have sought to use case-based reasoning in order to
detect characters [18].

An essential step in identifying characters and understanding their relation to the plot
development and their narrative role is the identification of speakers behind utterances.
However, speaker names are not always explicitly mentioned and linked to an utterance.
In most cases, authors rely instead on the readers’ attention and comprehension of the
story to make the correct character link [19].

Speaker identification is also referred to as quote attribution. In [20], the authors
state that creating an automated quote attribution system is a multi-step process. First,
the quotations in the text need to be identified; then, a character list is built that includes
their aliases. Then, each quotation is attributed to a character directly or to a mention,
followed by a coreference resolution step to identify the associated character.

In [21], the authors propose a deterministic, two-step approach to quotation attribu-
tion that comprises a sieves system of increasing complexity to first link each quotation
to a mention and then link the mention to a character.

In [22], the authors consider the identification of speakers as a sequence labelling
task, as they state that literary fiction typically consists of alternating dialogue, where
a dialogue consists of one or more turns, each of which is assumed to be associated
with one speaker and one or more addressees. The authors assume a pre-compiled list of
characters for each chapter in the story, and then for each dialogue instance, the system
selects the most likely character from the character list.

Most of the research on speaker identification assumes an a priori list of characters
and aims to link references to speakers to members of that list. The approach reported in
this paper does not assume an a priori list of characters or, indeed, of speakers but aims
to identify speakers based on interrogating story text for speaker references.
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3 Approach to Speaker Identification

The approach adopted for speaker identification in this research comprises five steps:

1. Inspect the story text for speaker references.
2. Create regular expressions to extract the speaker references.
3. Select those speaker references that incorporate the identity of the speaker.
4. Identify the noun phrases within the selected speaker references.
5. Generalise to more story texts.

This paper focuses on steps 1 through 4. The following subsections describe steps 1
to 4 based on Oscar Wilde’s short story The Happy Prince.

3.1 Inspect the story text for speaker references

A manual inspection of The Happy Prince by Oscar Wilde gives the speaker references
listed in Table 1. The references are incorporated in the table in the order in which they
are encountered in the story. There are a total of 77 speaker references.

Table 1. A selection of speaker references in The Happy Prince, in order of appearance

• remarked one of the Town
Councillors

• he added
• asked a sensible mother
• muttered a disappointed man
• said the Charity Children

• said the Mathematical Master
• answered the children
• said the Swallow
• twittered the other Swallows
• he said

• he continued
• he said finally to her
• he cried
• he said
• he cried
• he said softly to himself
• he cried

3.2 Create regular expressions to extract the speaker references

In order to identify regular expressions to extract these speaker references, the speaker
references in Table 1 were grouped by similar patterns, as shown in Table 2. The table
shows a number of the patterns.

Table 3 gives the corresponding regular expressions in Python code that were used
to identify these speaker references in the story.

3.3 Select speaker references that incorporate the identity of the speaker

In Table 2, the speaker references that incorporate the speaker’s identity are captured in
some rows by the symbol X and, therefore, the corresponding patterns. Table 4 shows a
selection of the selected speaker references taken together for these patterns.
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Table 2. A selection of the grouping of speaker references based on patterns

# Speaker References Pattern

1 remarked one of the Town Councillors {remarked} one of the X

2 asked a sensible mother, muttered a
disappointed man

{asked, muttered} a X

3 said the Charity Children, said the
Mathematical Master, said the Swallow (8),
said the Prince (12), said the boy, said the
Professor of Ornithology, said the Happy
Prince …

{said, answered, twittered, asked,
continued, cried, shouted} the X

… … …

11 said to each other said to {each other}

Table 3. A selection of regular expressions

pattern_1 = r'([^“”]*? remarked one of the (\w+ \w+))'
pattern_2 = r'([^“”]*?(?:answered|asked|shouted|muttered) a (\w+\w+))'
pattern_3 = r'([^“”]*?(?:said|answered|twittered|asked|

continued|cried|shouted) (?:the) ([\w\s]+)[.,;])'
...
pattern_11 = r'(said to(\w+ \w+))'

Table 4. A selection of speaker references

Speaker Reference Pa�ern: [‘remarked one of the Town Councillors’, ‘asked a sensible 
mother’, ‘mu�ered a disappointed man’, ‘said the Charity Children as they came out of the 
cathedral in their bright scarlet cloaks and their clean white pinafores. ’, ‘said the 
Mathema�cal Master,’, ‘answered the children;’, ‘said the Swallow,’, ...]

3.4 Identify the noun phrases within the selected speaker references

The SpaCy library was used to select the noun phrases from each speaker reference [23].
Table 5 shows the noun phrases for each speaker reference and indicates a number of
issues that need to be resolved to complete the identification of the speakers.

First, some of the lists include multiple noun phrases. For example, the speaker
reference “said the Charity Children as they came out of the cathedral in their bright
scarlet cloaks and their clean white pinafores” results in a list of five noun phrases: [‘the
Charity Children’, ‘they’, ‘the cathedral’, ‘their bright scarlet cloaks’, ‘their clean white
pinafores’].

Second, the speaker reference “said the Professor of Ornithology as he was passing
over the bridge” results in “Professor of Ornithology” being split into separate nouns,
“Professor” and “Ornithology”: [‘the Professor’, ‘Ornithology’, ‘he’, ‘the bridge’].
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Third, the speaker reference “said each of the Town Councillors” is also split into
separate nouns: [‘each’, ‘the Town Councillors’].

Fourth, the two speaker references “answered the statue” and “continued the statue
in a low musical voice,” both include the noun phrase “the statue”: [‘the statue’] and
[‘the statue’,’a low musical voice’].

These were resolved in the following manner:

• If the noun phrase list contains just one noun phrase, that noun phrase is taken as the
identity of the speaker.

• If the noun phrase list contains more than one noun phrase, a pattern search is made
in the corresponding speaker reference for the pattern X of Y, where X is replaced by
the first noun phrase, and Y is replaced by the second, and if the pattern is found it
becomes the noun phrase for the speaker, otherwise, the first noun phrase is selected.

• If the noun phrase contains a noun (rather than a proper noun), then a pattern search
is made in the full text of the story for the pattern X of Y, where X is the noun phrase,
and Y is a sequence of text terminated by a punctuation mark that begins with a noun
phrase. Therefore, for example, “the statue of the Happy Prince ….” gives the noun
phrase “the statue of the Happy Prince”.

Table 6 shows the resulting speaker references after applying these rules, which now
corresponds to the list of speaking characters in the story.

Table 5. A selection of the noun phrase lists for each selected speaker reference

Noun phrase lists: [[‘the Town Councillors’], [’a sensible mother’], [’a disappointed man’], 
[‘the Charity Children’, ‘they’, ‘the cathedral’, ‘their bright scarlet cloaks’, ‘their clean white 
pinafores’], … [‘the statue’, ’a low musical voice’], … , [‘the Professor’, ‘Ornithology’, ‘he’, ‘the 
bridge’], …, [‘each’, ‘the Town Councillors’]]

Table 6. A selection of the speaker list

Speaker List: [‘one of the Town Councillors’, ’a sensible mother’, ’a disappointed man’, ‘the 
Charity Children’, …, ‘the statue of the Happy Prince’, ‘the Prince’, ‘the boy’, ‘the Professor of 
Ornithology’, …, ‘each of the Town Councillors’]

The list of speaking characters in table 6 includes multiple references to the same
character that need to be resolved, and one of these references selected to refer to the
character in the script. This will be taken up in future work.

4 Conclusion

If CBT, stories, and serious games are to be integrated to support mental health, stories
need to be adapted to incorporate CBT. Adapting stories involves segmenting the stories
into scenes. This paper focuses on analysing short stories to identify speaking charac-
ters that form a subset of the characters in the story. Most of the research on speaker
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identification assumes a priori a list of characters and aims to link references to speakers
in the text to members of that list. The approach reported in this paper does not assume
an a priori list of characters or, indeed, of speaking characters but aims to generate a list
of speaking characters based on interrogating the story text for speaker references. The
approach uses basic pattern matching, selecting text that refers to speakers, referred to
here as speaker references, and parsing these to select the speaker noun phrases. This
paper applies the analysis to Oscar Wilde’s story The Happy Prince and successfully
identifies the speaking characters.
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Abstract. As the effects of the climate crisis become increasingly appar-
ent, efforts are made to encourage and nuance discussion on energy sys-
tem transition for a more sustainable future. One way this is done is
through games that combine role-play, board game elements and com-
puter simulations, i.e. megagames. The aim of this paper is to investigate
how visualisations and simulations can be used to drive forward such dis-
cussions within a megagame.

Keywords: Megagame · Simulation · Visualisation

1 Introduction

Games can help participants understand complex systems and how different
components in such systems relate to each other. This work is conducted in
the context of the megagame Switching the Current, which is a combination
of role play, board game, and computer simulation. The aim of the megagame
is to facilitate discussions about sustainable practises within the energy system
among the public as well as among energy industry professionals. A central goal
is to mitigate climate change by taking actions to reduce carbon dioxide (CO2)
emissions and keep the increase of global temperature as low as possible.

The game simulates all three aspects of sustainability - environmental, social
and economic, which helps participants understand a small scale society as a
whole, however also results in large amounts of information for participants to
absorb in a short timeframe.

The effects of decisions and negotiations in the game are communicated to
the participants using different means, mainly through tokens on game boards
but also through news announcements throughout the game session. Since it
is hard to capture all the complex effects of a decision in the game, and the
cumulated effect of changes over time a simulation model using data from the
game as input is run alongside the physical game. The model represents the
energy system based on region-specific data (hereafter referred to as the system
model) and data generated from it is visualised as plots and shown in between
game rounds.

A simulation generates gigabytes of data, and in order to select the data to
visualise it is important to understand in what way it contributes to the overall
c© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
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goal of the megagame of to creating an understanding of a complex energy
system. In particular, how to visualise correlations that are unintuitive such
as non-linear correlations and effects caused by time delays. In this article we
discuss an approach to developing visualisations for the game in a systematised
manner.

2 Related Work

The World Climate Simulation Game [7,10] and Climate Action Simulation
Game [6] are two role-play simulation games developed by the non-profit organ-
isation and project Climate Interactive1. The games are set in a global context
where the participants take on the roles as participants at a UN climate nego-
tiation [6,10]. The aim is for the participants to learn about climate dynamics
and challenges in limiting climate change through face-to-face negotiations and
simulation of climate related impacts and consequences [10]. During the game,
the participants get feedback on the decisions they make using the C-ROADS
[9,11] and En-ROADS [8] simulation models, respectively.

The major difference between the needs of the visualisations in the megagame
and the visualisations provided by C-ROADS and En-ROADS is that the lat-
ter two are simulation models on a global scale, while Switching the Current
simulates a community on a regional level, particularly in Sweden.

Evaluations of games with focus on mitigating climate change games show
that they have a positive impact on knowledge about climate change and climate
dynamics, as well as on the will to take action in preventing climate change [5–7].
Of particular interest is that the combination of role-play and computer-models
has been shown to motivate climate action and reduce polarisation [5].

3 Megagame Description

The Megagame Switching the Current aims to promote dialogue around the
energy system, in particular between responsible actors in the energy system
and those who have a dependency or an interest in the energy system. The
project group is interdisciplinary and consists of members from different fields,
such as cognitive scientists, social scientists and experts in simulation and game
development, from three universities: Linköping University, University of Skövde
and Jönköping University.

A megagame is a simulation game that consists of elements such as role-
play and table-top game boards, and is played by 20–100 participants. The
participants are divided into different groups that are relevant to setting or
theme of the megagame, and the idea is that the participants should role-play
as the group they represent. The groups represent population groups of different
income, the municipality, and energy industries. Each of the groups has their
own table with a set of game boards with tokens on them.
1 About, Climate Interactive: https://www.climateinteractive.org/about/.

https://www.climateinteractive.org/about/
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Fig. 1. Game boards for player groups population (left) and industry (right).

The tokens on the boards represent the current status of the group in terms
of consumption level, for example food and goods tokens. Other tokens include
energy tokens representing energy usage which relates to level of carbon dioxide
emission. The numbers of tokens on the boards are adapted to correspond to
numbers of the region where the megagame is played. This means that depending
on where the megagame is played, the consumption patterns on the same boards
can differ. This way, the participants playing Switching the Current are able to
relate to the consumption patterns or production for their region. Examples of
game boards for player groups Population $$$ and Regional Industries can be
found in Fig. 1a and Fig. 1b respectively.

The megagame is played in a number of rounds (up to eight rounds), where
each round represents five years. Each round consists of three phases: team phase,
action phase and resolve phase.

At the start of each round is a team phase, where the participants can discuss
the objective of the round internally in the groups. The team phase is followed
by an action phase, where the different groups can discuss and negotiate with
each other. An example of an action could be a switch from fossil fuel vehicles
to biofuel vehicles in a population group. Actions result in changes on the game
boards and can also trigger news announcements.

In between the rounds is a resolve phase, where the each group can give a
statement of what they have done during the action phase and what their next
objective is. At the same time, the data from the boards is manually collected
by controllers to input into the simulation model. Before proceeding to the next
round, the results from the simulation model are presented to the participants
in the form of graphs projected on a screen. Currently they are not interactive
and every participant is presented with the same information.

4 The Simulated System Model

The simulation model used in the megagame Switching the Current is partly
based on the World3 model [1] and the thermal and powergrid libraries in Mod-
elica, an equation-based language for cyber-physical system modeling [2].



Visualisation of System Dynamics in Megagames 373

On a high level the model represents the production and consumption of
energy in the region, and has components that represent renewable energy
sources, non-renewable energy sources, power generation and the energy usage
of end-users, such as household or industry and the private and public transport
sectors. As the game develops, additional elements and sub-models are added,
such as for instance the biofuel life-cycle model presented in this article.

The initial data for parametrizing the model is taken from open sources and
is specific to the region represented. During the game players make decisions that
impact the simulation outcome (e.g.: replacing a number of petrol vehicles with
electric cars or public transport, building a new wind farm). At the end of each
round during the resolve phase, the tokens of different types are counted on the
game boards (e.g.: number of petrol cars) and this data is used to parametrize
the simulation model.

5 Analysis and Target Area Identification

Presenting a number of detailed graphs to the game participants in the short
time span of the debriefing between rounds might result in the participants either
feeling overwhelmed by the data or just choosing not to focus on it entirely.
Therefore it is important to find the level of abstraction and the form of data
presentation that would be the most effective. In order to understand how to
select and visualise the information, the first step of this work focused on iden-
tifying areas of interest for the visualisation.

To this end two megagames sessions were observed by participating in the
sessions as controllers, i.e. assisting the participants by answering questions and
updating the game boards at the end of each round.

Observations showed a quick transition to bioenergy usage among the popu-
lation player groups, seeming to indicate that transition to biofuel and bioenergy
was seen as an uncomplicated solution to decreasing carbon dioxide emissions.

In general, participants were driven primarily by their economic interests (as
well as by their quality of life, in the case of the population groups) and only
secondarily by altruistic goals such as making progress with environmental and
climate issues. An example of this is that major change in lifestyle patterns
(such as type of fuel, heating and consumption) seemed to happen only once a
real effect took place, e.g. at the first megagame session when it was announced
that during the following round a tax on carbon dioxide emissions would be
introduced. The announcement resulted in all groups transitioning quickly from
fossil fuels to biofuels and bioenergy compared to very little change in the prior
rounds. This unerscores the importance of timely feedback.

Although an “obvious” strategy to replace gas vehicles with biofuel powered
vehicles was chosen simulations showed that this would not be a sufficient change
to meet the reduced carbon emissions target. However this was not reinforced
by any events in the current version of the game and was only presented at the
end. Therefore biofuel was chosen as a good candidate for further visualisation.
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6 Simulation and Game Extension

Once an area of interest was identified, the next step was to connect sustainability
aspects to the game and to design visualisations that would support a better
understanding of the outcomes of the decision to switch to biofuel.

A literature study of the domain was conducted and discussions with domain
experts were used to understand which elements needed to be represented and to
identify the environmental impact of increased biofuel usage on the system. The
simulation model was then extended with a domain specific model for biofuel
production and consumption.

Fig. 2. Diagram of the biomass system model in Modelica.

The biofuel model (Fig. 2) includes 4 different populations of trees based on
their ages and the transitions between these populations as trees age, the cutting
of the trees for biomass and wood products as well as non trivial effects such as
negative effects of biodiversity decrease on tree growth.

In parallel a gap analysis of the board game was done to identify elements
missing to represent the biofuel life-cycle. This resulted in the addition of tokens
representing biomass as well as of the development of a game board dedicated
to forestry management.

7 Visualisation

Based on the findings a visualisation mock-up was created. The graphs were
inspired by the concept of systems thinking and the ideas of limits to growth
presented in Thinking in Systems [4] and Limits to Growth [3]. The focus was
illustrating the limits to both renewable (biomass) and non-renewable (fossil fuel)
energy resources. Based on the example models found Thinking in Systems, by
Meadows [4] three scenarios with different extraction rates were created for each
type of resource (Fig. 4).

Particular focus was put on visualising information that cannot be shown
through other elements in the megagame. Figures 3 and 4 show examples of
trend visualisations. The visualisations have not yet been validated in a real
game setting, but will be tested at an upcoming event in the fall.
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Fig. 3. Examples of visualisations of trends over time.

Fig. 4. Three scenarios for production and consumption of biomass.

8 Conclusion

It is impossible to have a complete model of the real world, due to the complexity
of the system therefore it is important to select what parts of the system dynamic
need to be modeled in more detail and to identify how to present the resulting
data. In this article we have presented an the steps for the process in the context
of biomass system dynamics:

1. identify an area of interest through game dynamics observation
2. through literature studies extend the simulation model to cover the necessary

aspects, in particular complex interconnections to other parts of the system
3. identify necessary extensions to the game to connect the simulation do deci-

sions by the players
4. based on surveys and observation of previous games create visualisations to

show game participants
5. validate the extensions through subsequent games

The next steps are to validate the visualisations in the upcoming megagame
session and apply this approach to other aspects of the system such as life quality.

Acknowledgements. This work was conducted within the research project funded
by the Swedish Energy Agency.
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Abstract. A“serious game” simulating examples ofmarine life found at the artifi-
cial reef ex-HMS Scylla has been developed to demonstrate the impact of environ-
mental changes. The game has been adapted from prior research into agent-based
models of marine ecologies. The design of the game considers the abstraction and
presentation of marine life, and the effect of environmental changes. Two simu-
lations are performed: one exposing the ecology to the effects of climate change,
and another which simulates the introduction of microplastics. A pilot study mea-
sured knowledge-recall for simulations with open and closed-ended questions,
user awareness of environmental issues and future game design preferences. This
research contributes by both demonstrating the conversion of a complex marine
simulation to a game format, and also emphasises the potential of the simulation
journey to learning and engagement.

Keywords: Serious Game · Agent-Based Model · Educational Simulation ·
Marine Ecology

1 Introduction

“Serious games” [1] offer unique insights into teaching and communicating the impacts
of environmental change [2]. When deriving serious games from simulations, they pro-
vide not only the opportunity for users to understand the outcomes or result of a simula-
tion, but also to experience firsthand the impacts of their choices within the simulation.
Here, we will highlight the importance of the user’s journey and the learning process.

This pilot study develops a serious game, simulating a marine ecology scenario
using an agent-based model. The game is adapted from prior research into complex
simulations derived from peer-reviewed marine biology research.1. We have collected
data which measures how participants recalled simulation events, participant exposure
to environmental issues, and preferences for future game design.

1 Here ‘marine biology’ research refers to both biology and ecologies by experts in the field.
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Agent-basedmodelling (ABM) is amethod for simulating complexmodelswhichhas
been growing in popularity [3]. A serious game using an ABM framework can enable
users to see how, during a game, changes to agents and their environment can alter
the balance of species populations. Further, ABMs are particularly suited to modelling
and understanding marine ecologies and the environmental changes which affect these.
Earlier work by Stone [4] examined the potential for serious games to raise awareness of
an artificial reef project “launched” in 2004 with the ex-Royal Navy vessel HMS Scylla;
the Scylla reef is a context for this work. Serious games have the potential to permit the
exploration of complex systems that would be impractical or unsafe in the real-world
[5]. A serious game with an environmental message can also engage with the public at
a lower cost than traditional marketing campaigns [6].

There is much prior work in games of marine ecologies. Ameerbakhsh [5] designed
a serious game relating to fishery stock management. Their research concludes that,
while students enjoyed the experience of using the game, the expert demonstration was
more effective for learning effectiveness. Rossanno, in a pilot study [7, 8], demonstrates
a cartoon-style game to promote environmental attitudes to children to promote more
sustainable behaviour. Rossanno focusses on feedback from primary school-aged chil-
dren and examines whether participants liked the look and feel of the game as well
as learning outcomes. Similarly, Panagiotopoulou [9] discusses the design of a serious
game for children, specifically to raise awareness of plastics pollution.

Although such serious games have been increasingly used as educational tools, their
use has mostly been restricted to relatively simple games. Although informative, they
often overlookmarine ecologies’ complexity. Addressing this gap, this pilot project aims
to incorporate complex simulations into a game, allowing users to see for themselves
how environmental changes can cause population shifts.

Converting an existing ecosystem simulation into a game comes with the advantage
that much of the groundwork has been done, making the process of creating accurate,
yet understandable educational games a feasible goal. As Narayanasamy [10] discusses,
both simulation games and serious games are engaging, challenging, and enjoyable to
play, which suggests that converting simulations into games is a rational case for action.

The marine ecology simulations used to develop the game originate from research
into artificial life models in which it was studied how complexity affects the outcome of
simulations [4, 11, 12].

To evaluate the goals of this study, the following questions will be considered:

1. What are the challenges when abstracting a complex marine ecosystem to an
educational game?

2. What are the challenges when developing complex models to measure various
environmental effects?

3. As a pilot study, what can we learn from participant feedback?
a. Is there a difference between the recall quality between open and closed questions,

and what implications does this have for the future design of this game?
b. Does participant recall differ for different environmental scenarios? What oppor-

tunities does this present for future work?
c. What would participants like to see in future iterations of the game?
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2 Methodology

The research leading to the analysis of collected data was carried out in two stages: the
modification of the simulation code to a game, and the pilot study where the data was
collected. The simulation code is the result of prior research [11, 12] which examined
how complexity influences the outcomes of simulations of marine ecosystems found at
the Scylla reef [13]. Details of the marine life found at the Scylla reef were taken from a
variety of sources but mainly from the MarLIN database [14]. A limitation at this stage
is that the game, other than moving the camera and navigating the scenes, has little user
interaction, which will be addressed in future work.

The game in this study has been developed over two iterations. The first iteration
was developed in collaboration with the National Marine Aquarium as a demonstration
for school children to show how artificial life can simulate climate change, and how
this affects the balance of marine ecologies. The second was to introduce a further
environmental effect to collect data for the pilot study.

Fig. 1. The Scylla Game – a pre-simulation tutorial, and the simulation in progress

The game takes the player through a series of steps in three scenarios: a baseline
simulation, one with warmer sea temperatures representing climate change, and finally
a simulation in which species ingest microplastics [15]. Three species are modelled:
starfish, sea urchins and algae. The interactions between the species can be summarised
as: starfish predate sea urchins, sea urchins graze on algae, algae grow. Toomany starfish
and the sea urchin population would be removed, resulting in growth of algae but the
eventual demise of a starving starfish population. Too many sea urchins would lead to
overgrazing of algae, a healthy population of starfish, but the eventual collapse of the
sea urchins through lack of food source. Figure 1 illustrates two screenshots from the
game.

The player sees first-hand how an imbalance can lead to the collapse of the system.
Climate change brings warmer temperatures resulting in increased predation and algae
growth; microplastics discourage sea urchins from consuming algae, resulting in starva-
tion. Both scenarios cause changes to population mixes - the educational message is that
ecosystems evolve to balance, irregular environmental changes result in unpredictable
and complex outcomes.

The pilot study measures how participants recalled information for both simulations,
as well as recording prior exposure to these topics in the media. Data was collected at the
free-to-attend Potteries Museum in Stoke-On-Trent, UK. All participants were aged 18
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and over. 22 participants viewed the gamedemonstration and recorded their observations.
The journey of a participant was as follows:

1. The researcher would explain how the game simulates marine life at the Scylla Reef,
and that three simulations would be presented.

2. The game screen would detail the three species: sea urchins, starfish and algae.
3. The baseline simulation would run, the researcher would point out the species, their

interactions, and graphs showing species populations.
4. To avoid recall bias, environmental change scenarios would run in random order.
5. In each case the researcher would discuss the scenario behaviour and outcomes.
6. After the game ends participants are asked to complete the questionnaire (Table 1).

Table 1. Questionnaire completed by participants following demonstration of the game.

Q 1: Can you remember what happened to the sea urchins and the algae during the simulation
which considered climate change? (open text)

Q 2: Can you remember what happened to the sea urchins and the algae during the simulation
which considered the impact of microplastics? (open text)

Q 3: Can you remember what happened in the first simulation? (multi-choice)

Q 4: Can you remember what happened in the simulation which considered climate change?
(multi-choice)

Q 5: Can you remember what happened in the simulation which considered microplastics?
(multi-choice)

Q 6: How often do you remember hearing about climate change in the news and in media such
as the internet and TV? (Likert scale options)

Q 7: How often do you remember hearing about microplastics in the news and in media such
as the internet and TV? (Likert scale options)

Q 8: Do you think an individual in the UK can help to prevent further environmental changes
due to climate change in the UK? (Likert scale options)

Q 9: Do you think an individual in the UK can help to prevent further environmental changes
due to microplastics in the UK? (Likert scale options)

Q 10: How would you prefer the game to be developed further? (multi-choice)

3 Results

Questions 1 and 2 were marked out of two, for two correct observations, incorrect
observations were not penalised. Questions 3 to 5 required two specific correct answers,
and although participants were not told how many were correct, all participants ticked
either one or two answers, whether they were correct or not.

Figure 2 shows the total scores for all questions. Questions were out of two, therefore
with 22 participants the total score for each question was out of 44. Both open questions
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Fig. 2. Total Scores for all questions for all 22 participants (scores out of 44)

scored higher than their closed equivalents, and the climate change questions scored less
well than the microplastics questions.

Unsurprisingly, with climate change being a broader subject with global implica-
tions, participants reported hearing about it more frequently than microplastics. Over
50% of the participants recalled hearing about climate change several times per week,
compared to under 25% for microplastics. This contrast suggests that prior knowledge
of environmental issues doesn’t necessarily impact recall after a demonstration.

Participants’ views on their perceived agency to affect climate change andmicroplas-
tics were perhaps surprising considering the disparity in the exposure to hearing about
the issues in the news. Only two participants responded as having no influence over
climate change and microplastics, whereas twelve and seven participants felt that they
had some, or a lot of, influence, respectively.

Finally, when asked about potential improvements to the game, participants’ views
were divided into two distinct categories. Five participants felt the game was adequate
as is or could benefit from more media-based instruction. Most participants (15 out of
22) expressed a desire for more complexity and suggested adding more simulations or
user-controllable parameters to explore various outcomes.

4 Conclusions and Further Work

This study provides insights into two key areas: the challenges inherent in converting
simulations into games, and insights derived from participant questionnaires.

One key challenge is that the complexity of the model used in this study remains
largely hidden from the observer. A great deal of behavioural interaction between agents
remains obscured from the user and demonstrates the difficulties in demonstrating com-
plex interactions and behaviour. Another challenge is avoiding catastrophic collapses in
species populations and maintaining a balance between species. User feedback indicates
they desire greater control over the game, but more user agencymay lead to a feeling that
balancing a system is too difficult. However, this may improve learning outcomes and
engagement. Another challenge we encountered during the research leading up to this
study was the interpretation of marine biology papers for conversion into ABMs. Papers
sometimes tend to discuss the aggregated effects on a system, but not the individual,
although there are papers which do this.
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The method and benefit of open and closed questions in questionnaires is well docu-
mented topic [16]. Farrell [17] writes that open questions allow the user to project their
‘own’ answer. This raises the question: how do we know what a user is learning? This
may be more uncertain when users have more control over a game.

Results demonstrated greater recall for participants when asked questions on
microplastics compared to climate change. This could be a case of being introduced
to a new, novel, concept [18]. It might also be the case however that microplastics are
a factor that participants can control – one can immediately stop using microbeads but
influencing climate change is a far loftier goal. This may indicate greater user motivation
for issues they can easily control.

The goal of this pilot study was to demonstrate that the prior model could be used
to simulate multiple environmental effects in a game-like format. This, in the context
of the research questions, was a success, and may in turn motivate other developers of
complex models into serious games.

Future work could consider the following:

• The additional development of the program in this study to allow users to modify
environmental parameters, species ratios and species behaviour.

• What are user preferences when given greater command over a game, versus a variety
of scenarios developed with ecosystem stability in mind?

• What value is there for such a simulation to be acquired by marine biologists for
their work? Could policymakers benefit? Can it drive user behavioural change? This
would build on work by Westera [19]

5 Ethics Statement

The study in this work was subjected to an approved ethics review by Staffordshire
University, reference number SU_22_066.
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Abstract. This paper presents GameTULearn, an innovative authoring
tool for creating interactive educational games in 3D environments, tai-
lored to educators and content creators with limited programming expe-
rience. The goal of this project is to simplify the development of engaging
educational games and enhance learning experiences for students. Key
features of the authoring tool include an intuitive user interface, a versa-
tile scene editor, and a powerful quest editor for crafting narrative-driven
game content.

The paper elaborates on the design process, highlighting novel ideas.
The integration of an AI Assistant enhances user engagement and sat-
isfaction in the story creation process, providing a more enjoyable and
intuitive learning experience.

The prototype presented in this paper serves as a strong foundation
for future implementation and development, ultimately aiming to facili-
tate the creation of compelling and effective educational games.

Keywords: Educational Games · Authoring Tool · Visual
Programming · 3D Environments · Artificial Intelligence · GPT-4

1 Introduction

The integration of technology into education has opened up new possibilities
for teaching and learning, especially in the field of digital educational games.
Digitalization, in the form of e-learning, enables students to learn from home
and with assistive technologies. Educational games can be especially significant
for students who previously struggled with conventional teaching methods, as
they can keep users engaged and motivated to learn [2,3].

However, developing personalized teaching scenarios often requires special-
ized programming knowledge, making it inaccessible to many teachers. This
paper introduces GameTULearn, an authoring tool that aims to overcome this
challenge and empower educators to easily create interactive digital 3D learning
scenarios, regardless of their programming knowledge. This approach leverages
c© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
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user-friendly interfaces and intuitive tools that enable teachers to quickly design,
develop, and deploy digital 3D learning scenarios, thus expanding the reach and
impact of technology in education.

By going beyond the capabilities of traditional multimedia tools, this tech-
nology empowers educators to design engaging and effective e-learning games
that captivate students and foster crucial skills. An easy-to-use authoring tool
helps educators in various ways, such as empowering them, reducing technical
barriers, encouraging creativity, and streamlining the development process. By
integrating the blossoming generative AI technology GPT-4 by OpenAI1 and
using it for story generation, the learning curve is significantly minimized. This
not only stimulates an eagerness for innovative experimentation in authors, but
also makes the process highly engaging.

2 Design

2.1 System Overview

The authoring tool consists of two main parts: the Environment Editor and the
Quest Editor.

The Environment Editor has four sections:

– Scene Editor: Designs the game environment in 3D.
– Object List: Shows all objects in the scene for selection and management.
– Property Editor: Modifies object properties like position, size, or color.
– Asset Browser: A library for importing pre-made assets like models or tex-

tures. It also allows to import custom assets into the application.

The Quest Editor is for designing the game narrative and includes:

– Node-Based Story Structure: Visually lays out the game’s narrative.
– Node Property Editor: Edits the properties of each node, customizing the

event or action.
– Node Browser: A library to choose suitable nodes for the story structure.

The tool offers an intuitive interface to design the game’s environment and nar-
rative, supporting customization, organization, and management. It also allows
for node clustering, grouping sequences together for simplicity. Breadcrumb nav-
igation is used in the Quest Editor to avoid confusion within complex structures,
making navigation more efficient.

Figure 1 shows one view of the user interface of GameTULearn. On the right,
the Asset Browser allows the user to drag new objects, sorted by category, into
the scene. Upon doing so, the object is listed in the Object List to the left.
Clicking on an object allows the user to modify its properties. The scene view
offers various navigation helpers, as well as a switch between 2D top-down and
3D view.

1 https://openai.com/product/gpt-4, last accessed on May 21, 2023.

https://openai.com/product/gpt-4
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Fig. 1. The User Interface of GameTULearn.

The top menu bar features standard functions like saving, publishing, undo
and redo. Additionally, it allows the user to switch from scene creation to story
creation. An example of the node-based view that is used to create the story
can be seen in Fig. 2. Here, the player first needs to speak to an assistant, before
acquiring information by reading a book and interacting with a laptop. After-
wards, the player needs to answer a quiz based on the provided information.
Selecting a node allows the user to modify the values of the node, for example
selecting the correct book that the user needs to interact with.

The node system facilitates the creation of narratives, ranging from simple
linear stories to more intricate nonlinear ones.

2.2 Publishing

The prototype of our authoring tool allows creators to publish their games, with
a key feature being its support for web exports. Creators have the flexibility to
either host their game independently on a web server or publish it in a portal
hosted by the AG Serious Games at Technical University of Darmstadt. Once the
game passes a review through an expert, it is made available for standalone play
in a browser, and optionally integrated into the 3D Campus2. The 3D Campus
can therefore serve as a central hub, where all created games can be explored,
assuming the creators opted in to share their creations.

2.3 Testing

GameTULearn provides robust testing capabilities to ensure seamless gameplay.
Authors can opt for either a maximized view or a testing view to preview their
2 https://www.etit.tu-darmstadt.de/serious-games/forschung_und_projekte_sg/

3d_campus_sg, last accessed on May 05, 2023.

https://www.etit.tu-darmstadt.de/serious-games/forschung_und_projekte_sg/3d_campus_sg
https://www.etit.tu-darmstadt.de/serious-games/forschung_und_projekte_sg/3d_campus_sg
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Fig. 2. The node system of GameTULearn.

game. The maximized view replicates the full player experience, transforming the
tool into the game itself. Conversely, the testing view allows authors to monitor
the game logic in real time within the node editor.

2.4 Player Perspective

Upon entering the game, players are placed in first-person mode, allowing them
to experience the environment from the viewpoint of their character.

The story unfolds starting from the first node of the node editor. As players
interact with the environment and complete story steps, subsequent nodes are
activated, guiding them along the previously created node-based storyline.

Interactions are made intuitive through visual prompts; when players look
at interactable objects, a signal appears to show that an action can be taken by
pressing a specified button. This seamless interaction with the 3D environment
ensures an engaging gaming experience that follows the path laid out by the
game’s authors, keeping players connected to the narrative from beginning to
end.

2.5 Templates

The authoring tool includes a robust set of templates, categorized into envi-
ronment, quest, game, and interaction templates, which streamline the game
creation process.

Environment templates provide predefined settings suitable for various edu-
cational contexts, like physics or history, offering customizable layouts and props.

Quest templates offer pre-designed interactive activities with modular designs
that support active learning, and they can be customized to align with specific
learning goals. An example of a quest template is the Hero’s Journey model by
Vogler [5], a narrative framework consisting of Departure, Initiation, and Return
stages.
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Game templates combine both environment and quest templates, offering
a complete game for customization. They serve as starting points for users to
personalize game content and appearance.

Interaction templates offer small game templates for frequent interactions,
like an electric door activated by a button, available in the asset browser for
easy integration into scenes.

A dedicated template library is provided for easy access and reuse of previ-
ously designed elements, saving time, encouraging systematic design approaches,
and enabling collaboration. For example, an educator can save a virtual science
experiment template for reuse or sharing with others.

3 Discussion

3.1 AI Assistant

Initial tests revealed the node-based approach’s robust potential, but it also
appeared complex for some individuals lacking programming knowledge. For this
reason, we implemented a GPT-4-based AI assistant. Authors can either specify
which story they want to create, or let GPT-4 create a fitting story based on
various topics like math, nature exploration, language learning and others.

Authors have the flexibility to dictate the difficulty and length of their desired
story, with ranges extending from easy to hard and short to long, respectively.
Based on these user specifications, GPT-4 uses predefined instructions, hidden
from the user, to guide its selection and connection of nodes in crafting the
story. These instructions include the available nodes of GameTULearn for story
creation. The AI system initially generates a text-based narrative from user
input, then translates this story using the available action nodes. The AI’s output
is then parsed and the resultant story is displayed to the author, in text-based
and node-based form.

This streamlined process effectively simplifies story creation and makes the
node-based approach more accessible to users without programming expertise.

Figure 3 shows an example of a quest created with the AI Assistant. Here, it
is told to create a story with a science experiment, where the player has to talk to
a person named Emma and mix two flasks. The story length is set to short, and
the difficulty to easy. GPT-4 then created a story where the player has to help
the Scientist Emma. She wants the player to mix yellow dye and bleach, resulting
in a colorless mixture. Afterwards, Emma wants to congratulate the player. The
resulting node setup has been created automatically. Using this workflow helps
new users to understand how a story idea can be translated into nodes.

The author can then set up their environment with the 3D game objects and
assign them to the nodes.
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Fig. 3. AI-created story based on a short prompt using GPT-4.

4 Conclusion

The authoring tool concept is a novel solution designed to streamline the devel-
opment process for 3D educational games. It incorporates a model for game
structures and content, as well as technologies that enable adaptive gameplay. It
uses the Unity game engine and offers pre-built templates, visual programming,
integrated asset management, collaborative features, cross-platform support, and
AI assistance, making 3D game development more accessible and efficient.

The tool’s significant scientific contributions to game development and edu-
cation include streamlining game development, fostering adaptive learning, pro-
moting collaborative development, and offering scalability and extensibility via
Unity. These features democratize the creation of adaptive, engaging, and effec-
tive 3D educational games, which can significantly impact the landscape of game-
based learning and contribute to the advancement of educational technology.

Future work on the authoring tool can include the integration of text-to-3D-
Model AI tools like Magic3D by Nvidia [1]. Nvidia also implemented automated
room creation [4]. By combining these approaches with the AI-based story cre-
ation, the game creation could potentially be almost fully automated. Further, it
could look at enhancing adaptivity and incorporating comprehensive evaluation
and analytics tools.

Overall, as technology advances and the demand for innovative and engaging
learning approaches increases, GameTULearn represents the potential of educa-
tional games to drive the evolution of education. By building upon the research
done, high-quality, adaptive, and immersive educational games could become
integral to learning experiences, enriching the lives of learners and educators
globally.

Acknowledgements. This project is funded as a zQSL (central quality of study con-
ditions and teaching) project at the Technical University of Darmstadt.
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Abstract. Agrammatism is a common symptom occurring in post-stroke aphasia
and frequently addressed in traditional language therapy. However, most com-
mercial serious games and mHealth applications aimed at independent aphasia
treatment include only few, if any, tasks focusing on morphosyntax. “Training
Impaired Grammar” (TIGr) is a project which attempts to fill the existing gap
for Russian speakers with aphasia. The app is going to cover eight areas of mor-
phosyntax, including sentence structure, verb retrieval and various types of verbal
and nominal inflection. Besides, it is going to be adaptable, i.e. each of these areas
is going to be subdivided into four difficulty levels. Importantly, TIGr is planned to
capture the users’ attention and strengthen their motivation with a narrative frame-
work and a reward system, which only rarely can be found in apps for aphasia
treatment. The game is currently under development: the stimuli and distractors
are being piloted, and the details of the plotline and design are being elaborated.

Keywords: Aphasia · Language Therapy · Agrammatism · Clinical Linguistics ·
Serious Games

1 Introduction

1.1 Aphasia and Agrammatism

Aphasia is a language disorder following brain damage, such as brain tumours, traumatic
brain injury and, most typically, stroke, which is the second commonest cause of death
and disability worldwide [1]. Stroke is also characterised by a high primary incidence:
in Russia alone, 328 people out of 100,000 experience a stroke yearly, and nearly a third
of them subsequently suffer from aphasia [2].

Aphasia may affect both speech production and comprehension in both oral and
written modalities. The impaired language levels and the specific pattern of the disorder
hinge upon the type of aphasia; besides, the concrete manifestations of aphasia, as well
as its severity, are highly individual. Nonetheless, it is possible to distinguish several
frequently occurring symptoms. They include difficulties producing full grammatical

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
M. Haahr et al. (Eds.): JCSG 2023, LNCS 14309, pp. 391–397, 2023.
https://doi.org/10.1007/978-3-031-44751-8_33

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-44751-8_33&domain=pdf
http://orcid.org/0000-0003-2304-1756
http://orcid.org/0000-0003-4148-5852
http://orcid.org/0000-0003-4481-122X
http://orcid.org/0009-0005-8490-3032
http://orcid.org/0000-0003-4584-9502
http://orcid.org/0000-0002-6777-5164
https://doi.org/10.1007/978-3-031-44751-8_33


392 G. Gorshkov et al.

sentences (agrammatism), recalling words (anomia), pronouncing sounds and words
correctly, repeating words and sentences accurately, etc.

Agrammatism as one of the most widespread aphasia symptoms is going to be the
focus of this paper. Agrammatism is normally found in Broca’s (non-fluent) aphasia
and manifests itself in telegraphic speech, including only separate key words and lack-
ing inflection and function words. Despite posing numerous problems to people with
aphasia (PWAs), this specific condition is rarely addressed in speech/language therapy
applications and serious games (SGs), as we shall demonstrate in the next section.

1.2 Serious Games for Aphasia Treatment and Rehabilitation

SGs for speech/language therapy have been produced for more than a decade. However,
as can be seen from the most recent review of innovative technology-based interventions
in aphasia rehabilitation [3], only a few developers and/or clinicians have reported the
effectiveness of their digital products. The review included only ten tablet-based apps,
most of which focused on language comprehension, naming, word formation, repetition,
writing and, only in two cases, sentence planning.

However, there might be more SGs effectively used in clinical settings. For this rea-
son,we conducted a brief analysis ofmobile health (mHealth) apps for individual aphasia
therapy (excluding means of augmentative and alternative communication) accessible
on App Store (Apple Inc., Cupertino CA) and recommended on web-sites created by the
National Health Service [4] and the National Aphasia Association [5]. This approach
would ensure that the analysed SGs have been reviewed and approved by practising
clinicians, although this method could exclude more recent developments. The search
yielded 15 results, two out of which overlapped with the applications included in the
abovementioned systematic review.

The results of this research demonstrated that only 20% of commercial SGs for apha-
sia treatment attempt at a comprehensive language therapy at all language levels, whereas
most apps focus on one aspect of language: phonetics and phonology (67%) or semantics
and word retrieval (53%). The most typical tasks employed in such apps include repeti-
tion of sounds, words, phrases and articulatory movements; matching a word/sentence
with a corresponding picture/its written form; spelling; answering questions based on a
text or a picture.

Thus, it can be noted that the level of morphosyntax is oftentimes disregarded in SGs
for aphasia treatment, and the problem of agrammatism is typically not addressed. The
applications that do includehigher language levels practise themwithonly two task types:
sentence completion, which more often deals with semantics and the appropriateness
of a word in a given context; and scrambled sentences, where the user is to restore
the correct word order in a sentence. Nevertheless, this concerns the SGs developed
for native speakers of the English language, which has a relatively poor morphological
system.Apps developed for speakers of languageswith amore complex inflection system
(e.g., Russian) should include more tasks aimed at agrammatism treatment. However,
to our dismay, we managed to find only one SG targeted at Russian-speaking PWAs,
which also practises primarily listening comprehension, word retrieval, word order and
spelling.
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Furthermore, the majority of the reviewed mHealth apps included several important
game characteristics, e.g., the presence of explicit feedback, instructions and adaptability
(defined as availability of various difficulty levels), as well as score systems helping
users and/or clinicians to trace PWAs’ progress and the chosen treatment intensity [6,
7]. However, none of these SGs made use of a narrative framework, nor of an avatar
that would progress through the plotline, although these could be considered significant
game elements, boosting the user’s motivation and creating a better connection between
the game and the player [6, 7].

Taking into account all the said drawbacks of the field, we started developing a
project aimed to fill the existing gaps.

2 Training Impaired Grammar (TIGr)

2.1 Structure and Materials

Structure and Task Types. The task types of “Training Impaired Grammar” (TIGr)
were mostly based on the therapy paradigm proposed by Shklovskiy and Vizel, which
was guided by Luria’s approach to aphasia classification [8]. Moreover, (TIGr) is going
to incorporate elements of the world’s leading therapy methods, such as Verb Network
StrengtheningTreatment [9], Treatment ofUnderlying Forms, Treating Sentence Frames
[10] and Morphosemantic Treatment [11].

Based on the peculiarities of Russian grammar and on the modern idea of the verb’s
central role in the sentence [12], eight main areas of interest were distinguished: verb
retrieval, sentence structure, the number and person of the verb in the Present tense, the
number and gender of the verb in the Past tense, the tense of the verb, verbal government
(which Case should follow a given verb), prepositional government (which Case should
follow a given preposition), and the declension of adjectives. Besides, TIGr is planned
to be adaptable and suitable for people with various degrees of aphasia severity; for
this reason, the SG should have four difficulty levels. Tasks for the “easy” level are
based on the idea of priming, i.e. the user perceives a model sentence and constructs
their response according to it. Tasks for the two “moderate” levels1 mainly consist of
matching or multiple-choice activities. On the “difficult” level, users are supposed to
produce the correct form according to the context, i.e. open the brackets and type in the
required form.

The TIGrmobile app is supposed towelcome the user with a brief test that will assess
their agrammatism severity and open the tasks of their level and all the easier tasks. The
user then will be able to choose the language area that they wish to practise. Each level
of each area is going to consist of multiple sets of 10–12 stimuli. In case a mistake is
made, the user will be immediately informed about it and shown the correct response,
and the problematic stimulus will be repeated at the end of the set. Upon the completion

1 It was decided to split this level in two in order to have a smoother between-level transition
and to provide more various tasks; essentially, there is a slight increase of difficulty on the
second “moderate” level due to a greater number of distractors and/or a slightly more difficult
grammatical phenomenon in question.
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of a certain level in an area, the next one is going to become accessible, irrespective of
the user’s progress in the other areas.

Figures 1 and 2 represent a tentative design of some sample taskswith an approximate
translation.

Fig. 1. A sample task on the number and person of the verb in the Present tense (the lower
“moderate” difficulty level). The question mark represents a tab with a hint.

Fig. 2. Asample task on the number and gender of the verb in the Past tense (the lower “moderate”
difficulty level).
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Materials. Since tasks for at least three areas (verb retrieval, sentence structure and
the number and gender of the verb in the Past tense) require pictures, we employed the
Stimuli Database [13], which contains pictures of over 300 Russian verbs and normative
data related to the images (name agreement, visual complexity, etc.) and the verbs (age of
acquisition, length, frequency, imageability, etc.).While selecting the stimuli, we applied
the following criteria: the name agreement of the verb and the picture should surpass the
85% threshold; the depicted verbs should not have any strongly negative connotation;
the verbs were distributed by levels based on their frequency (the more frequent the verb
is, the easier should be the difficulty level where it appears). Furthermore, a professional
artist was hired to colour the black-and-white pictures and make new illustrations for
the number and gender of the verb in the Past tense.

The tasks that do not necessitate the use of pictures were based on verbs, prepositions
and adjectives found in the New Frequency Dictionary of Russian Vocabulary [14].
Selection criteria includedword frequency, absence of strongly negative connotation and
stylistic neutrality. In some areas, additional parameters were taken into consideration,
e.g., the easiest level did not include any reflexive or irregular verbs.

As a result, more than 5,000 stimuli have been created, most of which have from one
to three distractors. These stimuli are currently being piloted in people without a history
of neurological conditions so as to ensure the validity of the materials.

2.2 The Plot and the Reward System

As was mentioned above, none of the SGs for aphasia rehabilitation that we managed
to review included a plot or a system of tangible rewards, the only reward normally
being merely the score and the ratio of tasks correctly accomplished. We have decided
to consider these aspects of SGs and include them into our project.

In order to discover what plot type and rewards would increase the motivation of our
target population, we consulted a speech-language pathologist working in the Center of
Speech Pathology and Neurorehabilitation,Moscow, Russia. This gave us an insight into
what types of information can capture PWAs’ attention, and based on this understanding
we opted for adventure as the preferred genre. The protagonist, a tiger (which follows
from the abbreviation of our SG), is travelling the world2, with each area being a separate
location (e.g., a country or a continent) with four sub-locations representing various
difficulty levels (e.g., different cities in a chosen country or various climate zones).

On its journey, the Tiger learns trivia and interesting facts about the places it visits
(e.g., facts concerning local geography, culture, cuisine, etc.). These, in the form of short

2 A survey of persons of over 50 years of age is currently being conducted as to what kind of
journey would be more logical and captivating for our target audience, people of age being
the group most susceptible to strokes. We have so far collected only a dozen of responses, but
the overwhelming majority of our informants embrace the adventure genre with enthusiasm.
The opinions, however, are now equally split as to the exact route of this travel: whether it
should include the whole world, only the climate zones that tigers inhabit, or only Russia – the
birthplace of most of our target audience. The specific locations will be developed based on the
feedback obtained from the survey.
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text messages and beautiful illustrations, will be presented as a reward for the successful
completion of a set of tasks.

Additionally, accomplishing several such sets could lead to another type of reward –
a sort of an in-game currency that would allow the user to unlock additional tasks of
different types and practise grammatical phenomena not covered in the main areas of
the journey. This is, however, only a suggestion, work on which has not been started yet
(although it can be implemented later as a series of updates).

3 Conclusion

Reviewing data on the existing SGs for aphasia treatment allowed us to identify what the
market is lacking at the moment: games targeted at agrammatism rehabilitation, as well
as SGs incorporating more game elements, such as a narrative context and an elaborate
reward system. In this report, we demonstrated an attempt to improve the current practice
and showed work in progress that could potentially raise the quality and attractiveness
of mHelath apps for users, which would consequently result in better therapy for PWAs.
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Abstract. Visual impairment refers to a significant loss of vision that
cannot be fully corrected with glasses, contact lenses, medication, or
surgery. It encompasses a range of conditions, from partial sight to total
blindness, and can result from various causes, including congenital condi-
tions, eye diseases, injuries, or neurological disorders. This paper presents
an ongoing project of a prototype of a 3D shooter game that is designed
to be accessible to people with visual impairments. The game uses a
variety of techniques to provide players with information about their
surroundings, even if they cannot see. These techniques include audio
cues, haptic feedback, and spatial awareness. The prototype’s gameplay
mechanics are tailored to provide an engaging and intuitive experience.
Players rely on auditory cues, such as varying tones, sound effects, and
directional audio, to navigate the virtual world, solve puzzles, and over-
come challenges. The game mechanics encourage players to use their
auditory acuity and critical thinking skills to progress through the game.

Keywords: digital entertainment · visual impairment · sound-based
games · virtual reality

1 Introduction

Video games are a popular form of entertainment for people of all ages. In
the work carried out by Cairns et al. (2021) [13], more than 100 players with
disabilities were interviewed and one of the results was that video games help
them to feel enabled or being on a level footing with non disabled players. Also
players with visual impairments often have difficulty playing video games, as
they rely on visual information to interact with the game world. This can make
it difficult for them to play games that require them to see enemies, obstacles,
or other important objects.

In recent years, there has been a growing interest in developing video games
that are accessible to people with visual impairments. This is a challenging task,
but it is important to ensure that everyone has the opportunity to enjoy the
benefits of video games [14].
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This paper presents an ongoing project of a prototype of a 3D shooter game
that is designed to be accessible to people with visual impairments. The game
uses a variety of techniques to provide players with information about their sur-
roundings, even if they cannot see. These techniques include audio cues, haptic
feedback, and spatial awareness. At this stage of the work, in addition to col-
lecting information that can help us in development, different technical solutions
have also been tested with different software platforms.

2 Background

2.1 Visual Impairment

Visual impairment refers to a significant loss of vision that cannot be fully cor-
rected with glasses, contact lenses, medication, or surgery. It encompasses a
range of conditions, from partial sight to total blindness, and can result from
various causes, including congenital conditions, eye diseases, injuries, or neu-
rological disorders. Visual impairment affects individuals of all ages and has a
profound impact on their daily lives, including their ability to perform tasks,
navigate the environment, and access information [1]. In the report presented by
the WHO [2] indicate that about 25% of people have vision problems, of which
13% are serious and very serious problems.

The Designing for Disability Research Project [3] provides information on
research prototypes and their significance in exploring innovative approaches
to address accessibility challenges. This reference sheds light on the concept of
research prototypes in the context of creating inclusive experiences for visually
impaired individuals.

There are also other related works where they explore the design of seri-
ous games for individuals with visual impairments, highlighting, once again, the
importance of research prototypes in this domain. It provides insights into the
challenges and considerations specific to developing games for visually impaired
individuals [4]. This is also highlighted by [5] where they discusses the devel-
opment of game accessibility guidelines for players with visual impairments. It
emphasizes the need for research prototypes to explore and refine accessible
game design principles. The paper provides insights into the potential benefits
and challenges of developing research prototypes for visually impaired gamers.

2.2 Digital Entertainment

Digital entertainment is a broad term that encompasses any form of entertain-
ment that is delivered in a digital format. This includes, but is not limited to,
movies, television shows, music, video games, and e-books. Digital entertainment
is typically consumed on a variety of devices, such as computers, smartphones,
tablets, and gaming consoles [6].

Digital entertainment is also more accessible than traditional forms of enter-
tainment. For example, people with disabilities can often enjoy digital enter-
tainment more easily than traditional forms of entertainment. This is because
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digital entertainment can be customized to meet the needs of individual users.
For example, people with visual impairments can often use screen readers to
access digital content.

Overall, digital entertainment is a convenient, affordable, and accessible form
of entertainment that offers a wide variety of options for users. As the popularity
of digital entertainment continues to grow, it is likely to become even more
important in our lives [7,8].

There are also other details about digital entertainment:

– It is interactive, meaning that users can participate in the experience. This
can make it more engaging and immersive than traditional forms of enter-
tainment;

– It is personalized, meaning that users can customize the experience to their
own preferences what can make it more enjoyable and relevant;

– It is portable, meaning that users can take it with them wherever they go,
making it a convenient option for people who are on the go;

– It is social, meaning that users can share it with others in a fun and rewarding
way to connect with friends and family;

– It is a rapidly growing industry, and it is likely to continue to grow in the
years to come. This is due to a number of factors, including the increasing
availability of high-speed internet, the growing popularity of mobile devices,
and the increasing demand for personalized and interactive experiences.

2.3 Sound-Based Games

Sound-based games represent a captivating genre within the realm of interactive
entertainment, focusing on the integration of audio elements as the primary
means of gameplay and player engagement. By leveraging innovative sound
design techniques, these games offer unique and immersive experiences that
challenge traditional gaming conventions. This abstract explores the concept
of sound-based games, highlights the significance of audio in interactive experi-
ences, provides relevant citations to support the discussion, and presents notable
examples from the genre [9,10].

We can find some sound-based for visually impaired players:

A Blind Legend (2015) Designed explicitly for visually impaired players, this
audio-based adventure game provides a rich auditory experience. Through
the use of binaural audio, players navigate the game world by relying solely
on sound cues, immersing themselves in a story-driven narrative where sound
serves as the primary means of interaction and exploration.

Perception (2017) In this first-person horror game, players assume the role of
a blind protagonist who uses echolocation to navigate the environment. By
emitting sound waves and interpreting the returning audio feedback, players
uncover their surroundings and solve mysteries. The game offers a unique
perspective on sensory perception and highlights the potential for sound-
based gameplay to cater to individuals with visual impairments.
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The Nightjar (2018) This mobile game was specifically developed for visu-
ally impaired players and combines spatial audio and touch-based gameplay.
Players engage with the game by listening to 3D audio cues and using touch
gestures on their device’s screen. The immersive sound design allows play-
ers to detect and interact with objects and characters in the game world,
providing an engaging experience for visually impaired players.

AudioWizards (2020) This fantasy-themed sound-based game focuses on rhy-
thm-based combat, where players engage in battles by following audio cues
and timing their attacks accordingly. The game provides an accessible game-
play experience by using audio feedback to guide players through the game’s
challenges, making it suitable for players with visual impairments.

Sound-based games provide a unique and engaging form of interactive enter-
tainment that showcases the power of audio in shaping gameplay and player
experiences. By leveraging innovative sound design techniques, these games cre-
ate immersive environments, challenge traditional gaming norms, and present
new avenues for storytelling and player engagement. The examples provided
demonstrate the diverse range of possibilities within the sound-based game genre
and emphasize the profound impact that audio can have on the gaming land-
scape [9].

And also, sound-based games offer an inclusive and accessible gaming expe-
rience for individuals with visual impairments. By leveraging innovative sound
design and audio mechanics, these games provide a means of interactive enter-
tainment that relies primarily on auditory cues, enhancing gameplay experiences
for visually impaired players. The examples provided demonstrate the effective-
ness of sound-based games in catering to the needs of individuals with visual
impairments, highlighting the potential for this genre to bridge accessibility gaps
and create engaging gaming experiences for all.

3 Prototype Design

3.1 The Visually-Impared Player

In the work of Hugill and Pugliese [11] we can find contributions to the under-
standing and enhancement of the experiences of individuals with visual impair-
ments. The authors’ work encompasses various dimensions, including the explo-
ration of the auditory imaginary, solitary auditory hallucination in relation to
Shakespearean works, and the sonic experiences of the visually impaired. Their
research sheds light on the transformative potential of sound and music in creat-
ing rich sensory experiences beyond vision. They also emphasizes the importance
of object-based interaction and its impact on engaging visually impaired audi-
ences. By leveraging innovative approaches, This work provides insights into the
development of inclusive design principles and strategies that cater to the needs
of individuals with visual impairments. Their research contributions in the field
of visual impairment are significant and have greatly contributed to our under-
standing of accessibility, inclusive design, and sensory experiences for individuals
with visual impairments
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Our work will explore the platform created by Hugill and Pugliese, comple-
menting it with the use of virtual reality, creating an immersive digital environ-
ment where the sound will serve as a guide for our player.

3.2 The Sound-Based Gameplay

Imagine stepping into a virtual realm where the limitations of visual impairments
vanish, and players are transported into a rich and vibrant world solely through
the power of sound. The core of this prototype lies in its ability to harness the
power of sound to create an accessible gaming experience. Every aspect of the
virtual world is intricately designed to generate distinct audio cues, allowing
players with visual impairments to navigate, interact, and engage with the game
environment [10].

The prototype’s gameplay mechanics are tailored to provide an engaging
and intuitive experience. Players rely on auditory cues, such as varying tones,
sound effects, and directional audio, to navigate the virtual world, solve puz-
zles, and overcome challenges. The game mechanics encourage players to use
their auditory acuity and critical thinking skills to progress through the game.
The potential impact of a sound-based virtual world for individuals with visual
impairments extends beyond gaming. It opens doors to educational applications,
where concepts of spatial awareness, problem-solving, and critical thinking can
be seamlessly integrated into gameplay. Moreover, by providing an immersive
experience, the prototype fosters empathy and understanding among players,
raising awareness about the challenges faced by those with visual impairments.

The sound-based virtual world prototype holds the potential to transform the
way we perceive and engage with video games. It is a testament to the power
of technology in overcoming barriers and creating meaningful experiences for
individuals with visual impairments.

3.3 The Game Prototype

Our proposal is the system illustrated in Fig. 1 that should be composed of:
(1) a tactile platform that vibrates with sound [12]; (2) an array of speakers to
produce surround sound which is the material we have access at the moment.
In the future we might consider using a 5.1 sound system [15]; and (3) a VR
headset and controllers to allow an intuitive human-centred interface between
player and the game environment.

In this setup, the (visually impaired) player will be positioned at the center of
the tactile platform, wearing a VR headset (Oculus Rift) and holding controllers
for shooting flying targets (e.g. bats). Even considering the player as being visu-
ally impaired, it is necessary that the player wears the headset as tracking the
controllers positions rely on that.
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Fig. 1. Proposal for a rig of a sound-based shooting game.

The game prototype should mostly rely on spawning targets that will emit
3D sound (e.g. bat squeaking). These sounds should then be played in the speak-
ers in a way to allow the player to locate it’s source. Complementary, the tactile
platform generates vibrations that can vary in intensity to indicate the distance
from the target. The player should then shoot the target by means of the con-
trollers using a point-and-click fashion.

4 Final Remarks

As the digital entertainment industry continues to evolve, it is imperative to
prioritize accessibility and inclusivity for individuals with visual impairment. By
using sound as the primary medium for gameplay and interaction, sound-based
games offer a multi-sensory experience that transcends visual limitations. This
approach allows players with visual impairment to immerse themselves in rich
narratives, solve puzzles, navigate virtual worlds, and compete with others on
an equal footing. The development of prototypes in this field has demonstrated
the potential for creating captivating experiences that cater to diverse abilities
and preferences.

In addition, user feedback and engagement from the visually impaired com-
munity should be at the forefront of these developments. By actively involving
users with visual impairment in the design and testing phases, we can ensure
that the solutions meet their specific needs, preferences, and expectations.

In conclusion, the integration of sound-based games and prototypes repre-
sents a promising step towards a more inclusive future of digital entertainment.
While there is still work to be done, the advancements made so far highlight
the transformative power of accessible gaming experiences for individuals with
visual impairment.
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Abstract. Generally speaking, disaster riskmanagement (DRM) aims tomitigate
the impact of disasters and refers to the four stages prior and post to a crisis
event namely response, recovery, prevention and preparedness. Measures taken
in this context are manifold and apply to the natural and the built environment,
governance, economics and society. With no limitation in scale, DRM can raise
robustness of entire infrastructures or leverage the preparedness of an individual
citizen. In this paper, a serious game entitled eHUBgaming is introduced as a
method of DRM. As a means of knowledge transfer, it intends to prepare citizens
for the event of a prolonged superregional blackout. As a virtual resident, the
player is confronted with a three-day blackout scenario and must get by with a
limited amount of energy and react to a series of events taking place. The key
research questions are 1) how can such a serious game be designed and 2) how
can it incorporate knowledge transfer? eHUBgaming is developed in the context
of the LOEWE center emergenCITY as part of the cross-sectional mission eHUB
at the Technical University of Darmstadt.

Keywords: Serious game · Gamification · Disaster Risk Management (DRM) ·
Knowledge transfer · Emergency responsive cities

1 Introduction

Disaster Risk Management (DRM) as defined by the United Nations (UN) is “the appli-
cation of disaster risk reduction policies and strategies to prevent new disaster risk,
reduce existing disaster risk and manage residual risk, contributing to the strengthening
of resilience and reduction of disaster losses” [1], p.135]. Structurally, DRM distin-
guishes between 1) prospective, 2) corrective and 3) compensatory activities. Whereas
1) and 2) predominantly refer to the robustness of infrastructures or lowering the vul-
nerability of assets or populations at high risk 3) focuses on society by fostering the
resilience of individuals to face residual risk through preparedness, response and recov-
ery measures [2]. In this paper, the design of a serious game is presented that has the
intention to prepare for the crisis scenario of a prolonged superregional blackout by
means of knowledge transfer. It could be distributed by civil protection services and
is of interest for any citizen who takes concern in preparedness and coping. Thus, it
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can be associated to the compensatory activities in DRM more specifically the phase of
preparedness in the common four-part cycle of DRM [3], p. 471].

1.1 emergenCITY and the eHUB Mission

The serious game entitled eHUBgaming is part of the LOEWE center emergenCITY
[4], a research center dedicated on research towards the resilience of digital cities at the
Technical University of Darmstadt. As the name suggests, the serious game is associ-
ated to the cross-sectional mission eHUB that revolves around a plus energy building
located on the remote campus Lichtwiese of the Technical University Darmstadt [5].
In essence, the mission eHUB investigates what role such a plus energy building could
play in the context of a prolonged superregional blackout given the fact that it can gain
energy even though the power grid is down. Originally, the eHUB building was the win-
ning contribution to the 2009 Solar Decathlon, an international competition in which 20
universities competed in fulfilling the task to “design, build, and operate solar-powered
houses that are cost-effective, energy-efficient, and attractive” [6], p. 3]. Altogether, the
eHUB building only consumes 30% of the total electrical energy produced enabling a
surplus of app. 9590 kWh per year [7], p. 35]. With this amount of energy at the hand,
the eHUBmission examines how it can be deployed and distributed to assist emergency
response and the general public in the case of a blackout. However, research in the mis-
sion is not limited to measures of immediate response but also covers the pre-disaster
phase namely preparedness. Generally speaking, preparedness is defined as “the knowl-
edge and capacities developed by […] individuals to effectively anticipate, respond to
and recover from the impacts of likely, imminent or current disasters” [8], p. 21]. Also
referred to as household preparedness [9, 10], Kohler et al. [11], p. 6] outline prepared-
ness as obtaining both “tangible resources” in the shape of materials and “intangible
knowledge, skills and behaviours.” Leveraging preparedness through knowledge trans-
fer is the approach investigated in the context of the serious game eHUBgaming leading
to the following research questions:

1. How can a serious game be designed in the context of DRM?
2. How can such a serious game incorporate knowledge transfer?

2 Theoretical Framework

2.1 Serious Gaming in the Context of DRM

The initial definition of serious games was given by Abt in 1970. He states that serious
games “[…] have an explicit and carefully thought-out educational purpose and are
not intended to be played primarily for amusement. This does not mean that serious
games are not, or should not be, entertaining.” [12]. In its essence this definition is still
valid today and can be found in a wide variety of contexts [13–16]. When it comes to
DRM, the term itself does not appear in the preliminary taxonomy of serious games
introduced by Sawyer and Smith in 2008 [15] but there is an underlying linkage to a
number of fields listed such as mass casualty response or inform about diseases/risks.
Solinska-Nowak, A. et al. [17] provide a comprehensive and profound overview on con-
temporary serious gaming in the context DRM. In the opening sections of the study the
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authors elaborate on the relevance of serious gaming as an innovative measure of DRM
especially in contrast to common top-down approaches. Essentially, these approaches
understand DRM to be mainly in the responsibility of the authorities paying little atten-
tion to context and negating the potential of individual or community participation. The
emphasis on participation leads to a principle change of perspective in DRM regarding
the population more as a contributor rather than just a “target” [17], p. 1014]. Serious
games are receiving “increased recognition” [17], p. 1014] to be applied in these very
contexts. Apart from being suited to support a bottom-up approach because they can be
easily distributed to a reach a large number of recipients, Solinska-Nowak, A. et al. also
outline the didactical potential of serious gaming. Building on a “shift from authority-
and lecturer-based teaching” [17], p. 1014] serious games require more engagement and
activity and by incorporating fun and emotions verifiably information is better received
and remembered. This circumstance is confirmed by other sources such as Westera,
A. [16]. In conclusion, Solinska-Nowak, A. et al. acknowledge the potential of serious
games to act as a complementary tool in the different stages of DRM. This outcome is
undermined by a thorough analysis of 45 serious games presented in the main part of
the study. Building on the contextual background and theoretical framework described
above, the following section provides an overview of eHUBgaming design.

3 eHUBgaming

3.1 State of Development

Fig. 1. Exterior and interior view of eHUB (courtesy of Jürgen Schreiter, Darmstadt)

Conceptual Idea. The basic idea of eHUBgaming is the player stepping into the role of
the inhabitant of the eHUB building (Fig. 1.) [18] and witnessing a three-day blackout.
Being unaware of the duration of the power failure he or she is challenged to get by day
by day relying solely on the energy provided by the photovoltaics of the building. In
addition, the player owns an electrical vehicle that is connected to the eHUB building
providing additional energy. Even though this setting does not resemble the common
living conditions of the majority of the German population it is highly beneficial from
a game design point of view because it offers a wide variety of gameplay options but
still enables universal knowledge transfer that is not unique to the eHUB building.
Technically speaking, the game can best be described as a point-and-click adventure
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[19, 20] incorporating elements of both role-playing and simulation. Gameplay is based
on static perspectives resembling the interior of the eHUB building by which the player
can navigate to different locations in the house and twomain elements which are referred
to as activity zones and events. In the activity zones the player can make adjustments
to the temperature, the lighting or the level of ventilation and thereby lower the energy
consumption. Furthermore, activity zones are meant to satisfy basic needs like hunger,
fatigue or personal hygiene. Basic needs and moods of the player are represented by
an emoji which first turns yellow and then red whenever an unsatisfactory condition
prevails. Turning off the heating completely for example in an attempt to save energy
leads to a freezing condition. The player must find a trade-off between lowering energy
consumption on the one hand and well-being on the other hand. Events take place based
on a fixed schedule and in the most cases involve the player interacting with a fictional
neighbor namedMr. Leonwald. Depending on how the player deals with an event taking
place subsequent events do or do not occur. Even though the actual intention of the game
is knowledge transfer the primary goal for the player is to achieve the highest possible
score. Game points are granted whenever knowledge is passed on to the player, certain
needs are satisfied or an unsatisfactory mood is relieved. Negative game points on the
other hand are subtracted if an unsatisfactory state prevails.

Fig. 2. eHUBgaming GUI

Design. Grafical User Interface (GUI). From top to bottom the GUI consists of the
upper progress bar, the central perspective, the emoji on the left and the lower status bar
(Fig. 2). The progress bar includes a yellow slider that moves from left to right as the
day commences with green bars indicating energy gains and red bars indicating energy
consumption. It is complemented by a battery symbol showing the state of charge of the
electrical vehicle and two thermometers that display inside and outside temperatures. In
the middle of the screen the player can navigate to seven different locations in the house
by clicking on the upper, right, lower or left border. On the lefthand side of the GUI the
emoji is displayed. The current day and the score are included in the lower status bar.
In addition, messages appear as a general source of information or when certain events
call for the player’s attention.
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Activity Zones. There are four activity zones in the gamenamely 1) heating&venting, 2)
smart panel 3) kitchen and 4) bathroom. These are accessed by clicking on a defined area
in the corresponding perspective. In the kitchen the player can have some food, drink
a coffee or turn the refrigerator on or off, dimming the light or turning on the sound
system is done in an activity zone referred to as the smart panel and in the bathroom the
player can take a shower or use the toilette.

Emojis. Emojis play an important role in the eHUBgaming. Altogether, there are six
emojis representing the conditions of 1) happiness, 2) hunger, 3) freezing, 4) boredom,
5) fatigue and 6) having to use the restroom. The player is advised to take care of his or
her needs as soon as possible because they are decisive for scoring.

Events. Events introduce an element of story-telling to the game and are the main “car-
rier” of knowledge transfer. With exception of two events all events involve a character
named Mr. Leonwald who is the neighbor living across the street from the eHUB build-
ing. Mr. Leonwald first appearance takes place on day 01 at 9:00 h. The player must
open the front door upon Mr. Leonwald knocking in order to participate in the event.
The first conversation with the neighbor has Mr. Leonwald asking the player if he can
charge his cellphone. At this point the player must make a decision that will influence
forthcoming events and the possibility to gain extra game points at a later stage. Events
appear regularly and call for the player to read the dialogues carefully and offer the
possibility of the game to progress in one way or another.

Knowledge Transfer. Knowledge transfer in eHUBgaming revolves around three ques-
tions: 1) What are the consequences of a blackout, 2) How can one cope with a blackout
and 3) How can one prepare for a blackout? The effects of the blackout portrayed in
the game are based on the processing of past events [21], publications from the German
ministry for civil protection [22] and an assessment commissioned by the German gov-
ernment on the impact of a long-term power failure [23]. In the conversations with the
neighbor Mr. Leonwald a number of the adverse effects of a blackout are mentioned e.g.
gas stations not being able to provide fuel, traffic lights not running and the general dif-
ficulty to communicate or to receive information [24–26]. Measures of preparation and
coping are addressed by an official brochure of the German ministry of civil protection
[27, 28] that is handed over by Mr. Leonwald to the player. In addition, he recounts hav-
ing obtained a flashlight, some batteries and stocking some food and water in accordance
to the recommendations found in the brochure. He also explains that his old transistor
radio would act as a source of information if it were not broken. The question of vulner-
ability is brought up as well [29–31]. Mr. Leonwald expresses his concern for his elderly
mother who lives alone in another part of town. Apart from informing on the far-reaching
consequences of a power failure and its impact on everyday life the game also dispels
with the apprehension of people panicking and a population engaging in looting and
robbing. Mr. Leonwald briefly talks about the predominantly cooperative and pro-social
behavior of the population he witnesses which is an observation that corresponds with
assessments found in literature [32, 33]. Table 1 outlines what concrete knowledge is
intended to be passed on to the players referring to the key questions introduced before.
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Table 1. eHUBgaming knowledge transfer

What are the consequences of a blackout?

• Building utilities and technology will not work (e.g. oven, heating and lighting)
• Communication infrastructure will break down (e.g. internet, television and cellphones)
• Traffic will come to a standstill
• Emergency response measures will be delayed
• Certain groups of people are vulnerable (e.g. the elderly)

How can one cope with a blackout?

• If food and water is stocked and one is healthy it is best to stay at home
• If a transistor radio is available listen for information there
• If one is in need of help or information seek out a police station, the fire department or any
centrally-located highly frequented public space

How can one prepare for a blackout?

• Download federal or state warning Apps
• Prepare according to official sources (e.g. stock food and water, transistor radio, flashlight
and batteries)

4 Closing Remarks

This paper outlines the theoretical framework, contextual background and design of the
serious game eHUBgaming. The chosen design of the game is based on the principles
established in point-and-click adventures and translates these to the field of serious gam-
ing and DRM. In addition, the emoji is a reference to the iconic Tamagotchi toy whereas
energy gains and demands resemble elements common in resource management games.
Thus, eHUBgaming can be described as a serious game that incorporates and com-
bines gameplay elements that are characteristic for different genres. Knowledge transfer
relies mainly on storytelling and the empirical fact that the human brain’s receptivity
for information is different when engaged in activities such as gaming. This could be
acknowledged in a pretest of the game carried out with 45 student participants. As a tool
inDRMserious games have great potential. They can be distributed online and other than
leaflets can be customized to target different recipients. If disseminated properly serious
games are able reach a wide audience and can support civil protection stakeholders in
leveraging the preparedness and coping capabilities of the population.

Acknowledgements. This work has been funded by the LOEWE initiative (Hesse, Germany)
within the emergenCITY center.

References

1. Kovalenko, O., Velev, D.: Ad-Hoc Architecture of Systems for Disaster Risk Management.
In: Murayama, Y., Velev, D., Zlateva, P. (eds.) Information Technology in Disaster Risk
Reduction. Springer, Cham (2020). https://doi.org/10.1007/978-3-030-48939-7_12

https://doi.org/10.1007/978-3-030-48939-7_12


Knowledge Transfer in Disaster Risk Management (DRM) 411

2. United Nations Office for Desaster Risk Reduction: https://www.undrr.org/terminology/dis
aster-risk-management. Accessed 09 Dec 2022

3. Sawalha, I.: A contemporary perspective on the disaster management cycle. Foresight 22(4),
469–482 (2020)

4. emergenCITY, emergenCITY: https://www.emergencity.de/. Accessed 12 Dec 2022
5. emergenCITY, LOEWE Zentrum emergenCITY - Mission eHUB: https://www.emergencity.

de/de/missions/ehub/. Accessed 12 Dec 2022
6. Kamel, E.,Memari,A.M.: Energy efficiency and sustainability attributes of the solar decathlon

projects. In:Raebel,C.H. (ed.)AEI 2015:Birth andLife of the IntegratedBuilding,Milwaukee
(2015)

7. Hegger, M. (ed.): Sunny Prospects: The surPLUShome of Team Germany for the Solar
Decathlon 2009, Wuppertal (2010)

8. United Nations General Assembly: Report of the open-ended intergovernmental expert
working group on indicators and terminology relating to disaster risk reduction, New
York (2016). https://www.preventionweb.net/publication/report-open-ended-intergovernm
ental-expert-working-group-indicators-and-terminology

9. Heidenstrøma, N., Hansen, A.: Embodied competences in preparedness for blackouts: mixed
methods insights from rural and urban Norwegian households. Energy Res. Soc. Sci. 66
(2020)

10. Brunie, A.: Household disaster preparedness: assessing the importance of relational and
community social capital, Chapel Hill (2007)

11. Kohler, K., Hauri, A., Roht, F., Scharte, B.: Risk and resilience report - Measuring Individual
Disaster Preparedness, Zürich (2020)

12. Abt, C.: Serious games, New York (1970)
13. Hakulinen, L.: Using serious games in computer science education. In: Korhonen, A. and

McCartney, R. (eds.) Koli Calling 2011: Proceedings of the 11th Koli Calling International
Conference on Computing Education Research, Koli (2011)

14. Michael, D.R., Chen, S.L.: Serious Games: Games That Educate, Train, and Inform, Boston
(2006)

15. Encarnação, L.M.: On the Future of Serious Games in Science and Industry, Ken-
tucky (2009). https://www.researchgate.net/publication/257921847_On_the_Future_of_Ser
ious_Games_in_Science_and_Industry

16. Westera, W.: The devil’s advocate: identifying persistent problems in serious game design.
Int. J. Serious Games 9(3), 115–124 (2022)

17. Solinska-Nowakb, A.: An overview of serious games for disaster riskmanagement - Prospects
and limitations for informing actions to arrest increasing risk. Int. J. Disaster Risk Reduction
31, 1013–1029 (2018)

18. U.S. Department of Energy Solar Decathlon, Solar Decathlon 2009: http://www.solardeca
thlon.gov/past/download/09_construction_docs/manual_germany.zip. Sccessed 23 Dec 2022

19. Bitmap Books (ed.): The Art of Point-and-Click Adventure Games. 3rd. edn, Bath (UK)
(2022)

20. Burbach, J.: The Future Perspectives of Point & Click Adventures, Köln (2016)
21. Little, G.R.: Managing the risk of cascading failure in complex urban infrastructure. In:

Graham, S. (ed.) Disrupted Cities - When infrastructure fails, New York (2010)
22. Bundesamt für Bevölkerungsschutz und Katastrophenhilfe (ed.): Autarke Notstromver-

sorgung der Bevölkerung unterhalb der KRITIS-Schwelle. In: Praxis im Bevölkerungsschutz
19, Hamburg (2015)

23. Petermann, T., Bradke, H., Lüllmann, A., Paetzsch, M., Riehm, U.: Was bei einem Blackout
geschieht - Folgen eines langandauernden undgroßflächigenStromausfalls, Studien desBüros
für Technikfolgen - Abschätzung beim Deutschen Bundestag - 33, Berlin (2011)

https://www.undrr.org/terminology/disaster-risk-management
https://www.emergencity.de/
https://www.emergencity.de/de/missions/ehub/
https://www.preventionweb.net/publication/report-open-ended-intergovernmental-expert-working-group-indicators-and-terminology
https://www.researchgate.net/publication/257921847_On_the_Future_of_Serious_Games_in_Science_and_Industry
http://www.solardecathlon.gov/past/download/09_construction_docs/manual_germany.zip


412 J. Schulze et al.

24. Hansson, S., et al.: Communication-related vulnerability to disasters: a heuristic framework.
In: International Journal of Disaster Risk Reduction, vol. 51 (2020)

25. Bundesamt für Bevölkerungsschutz und Katastrophenhilfe: https://www.bbk.bund.de/DE/
Warnung-Vorsorge/Warn-App-NINA/warn-app-nina_node.html. Accessed 23 Dec 2022

26. Bundesamt für Bevölkerungsschutz und Katastrophenhilfe (BBK) (ed.): Resilienz, In:
Bevölkerungsschutz 1, Bonn (2020)

27. Bundesamt für Bevölkerungsschutz und Katastrophenhilfe (BBK) (ed.): Stromausfall -
Vorsorge und Selbsthilfe. 3rd. edn., Bonn (2019)

28. Bundesamt für Bevölkerungsschutz und Katastrophenhilfe (BBK) (ed.): Kapazitäten der
Bevölkerung bei einem Stromausfall - Empirische Untersuchung für das Bezugsgebiet
Deutschland, In: Praxis im Bevölkerungsschutz 12, Bonn (2013)

29. Depietri, Y.: Social vulnerability assessment of the Cologne urban area (Germany) to heat
waves: links to ecosystem services. Int. J. Disaster Risk Reduction 6, 98–117 (2013)

30. Ohder, C., Röpcke, J., Sticher, B., Geißler, S., Schweer, B.: Relief needs and willingness to
help in the event of long-term power blackout - Results of a citizen survey in three Berlin
districts, Berlin (2014). https://opus4.kobv.de/opus4-hwr/frontdoor/deliver/index/docId/417/
file/Results+of+a+citizen+survey+(2014).pdf

31. Rudolph-Cleff, A., Knodt, M., Schulze, S., Engel, A.: Crisis communication in a blackout
scenario - An assessment considering socio-spatial parameters and the vulnerabilities of the
population. Int. J. Disaster Risk Reduction 72 (2022)

32. Rogers, B., Rubin, G.J.: Behavioural and psychological responses of the public during amajor
power outage: a literature review. Int. J. Disaster Risk Reduction 38(2) (2019)

33. Helsloot, I., Beerens, R.: Citizens’ response to a large electrical power outage in the
Netherlands in 2007. J. Contingencies Crisis Manag. 17(1), 64–68 (2007)

https://www.bbk.bund.de/DE/Warnung-Vorsorge/Warn-App-NINA/warn-app-nina_node.html
https://opus4.kobv.de/opus4-hwr/frontdoor/deliver/index/docId/417/file/Results+of+a+citizen+survey+(2014).pdf


For Soft Skills, Hard Games! – An Experiment
Using Game-Based Methodologies
in the Training of Health Students

Emanuel Silva1 , Nuria Vita-Barrull2 , Micael Sousa3 , and Marlene Rosa4(B)

1 School of Health Sciences, Polytechnic Institute of Leiria, Leiria, Portugal
2 Faculty of Science Education, Social Work and Psychology, University of Lleida, Lleida, Spain

3 CITTA, Department of Civil Engineering, University of Coimbra, Coimbra, Portugal
4 School of Health Sciences, ciTechCare - Center for Innovative Care and Health Technology,

Polytechnic Institute of Leiria , Leiria, Portugal
marlene.rosa@ipleiria.pt

Abstract. This study sought to characterize the personal perspectives of health
students on their experience using different categories of modern board games,
modified to become serious games, to develop key transversal skills. Thirty-five
students from health degrees were involved in a Serious Game-based Program
specially designed to develop key transversal skills in health care. The personal
perspectives of participants were collected through a questionnaire filled out by
each participant at the end of the individual experience with each game (1–7
scale:1- “nothing/never”; 7 - “very much/every day”). Participants perceived they
wereworking especially the empathy, communication, and collaboration, followed
by innovation (median ≥ 6), and with a high level of fun (7 ± 2). They reported a
lower perception (median= 5) of the program’s impact on leadership and decision-
making. There were differences in scores for almost all transversal skills between
game categories. Participants reported a higher perception of the program’s impact
on communication (p = .00). In the narrative games category, the highest average
was observed in empathy (p = .02).

Keywords: Learning · Game-based · Methodologies · Perceptions · Experience

1 Introduction

Higher education is facing continuous and substantial changes that intersect with the
quality of learning [1].

The need to change and modify education systems, in this case in an area as crucial
as health, stems from the importance of a set of skills predominantly referred to as
“soft skills,” a concept that extends beyond cognitive and/or technical issues to include
various intrapersonal and interpersonal skills [2]. Learning soft skills have an impact
on students’ ability to be awareness of patients’ difficulties and/or social asymmetries,
using a more holistic point of view [2]. However, few of the pilot studies focusing on
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innovative methodologies for training health students in these skills have tested serious
games as tools of choice [3].

Simulations using board games can amplify a problem-solving experience, provid-
ing a set of hypothetical elements that encourage players to test their decisions while
consequently evaluating the results. Besides this aspect of simulation, board games are
cheap ways of delivering engaging game experiences for different player profiles [4].
In addition, with the use of this methodology, players will be able to develop not only
specific skills for a given context but also skills that can be incorporated so as to be
transferrable into other situations, allowing them to avoid, for example, a certain risk
[5].

Against this backdrop, the aim of the present study is to examine how students
enrolled in a higher education health course perceive the experience of using a board
game as a source for the development of skills and competencies, particularly creativity,
leadership, decision-making, empathy, communication, and collaboration, while also
assessing their perception of fun when playing a particular game.

2 Materials and Methods

An experimental study was conducted within the framework of the Gulbenkian
Academies for Knowledge, a national program supported by the Calouste Gulbenkian
Foundation (CGF). The present study reports the results of the second edition of
Gym2BeKind, which was conducted from September to December 2022 and included a
specialized selection of modern board games, based on the previously published results
of the pilot [6]. About 35 students (age: 18.84 ± 1.064; 43.86% female; 54.39% Por-
tuguese nationality) were selected from the courses at the School of Health Sciences of
the Polytechnic Institute of Leiria. The criteria for inclusion in the study were: partici-
pants would have to be enrolled in a health course at the School of Health Sciences, be
18 years of age or older, and agree to voluntarily participate in an intervention program
based on serious games.

2.1 Gym2BeKind – Serious Game-Based Program

Gym2beKind defined precise objectives. By playing the games, students should be
engaged in an interactive learning and training experience. Although games can pro-
vide this, in order for an ortho game [7], i.e., a game made for entertainment, to deliver
predefined experiences, modification of that game is required. This is the modding app-
roach, used to transform a commercial entertainment game into a serious game [8–10],
a game that can be engaging and achieve purposes beyond enjoyment - in our case, to
deliver meaningful experiences to develop essential skills in future health professional.
None of the selected competitive games allows direct confrontation in the form of neg-
ative interactions between players (e.g., attacking, stealing, player elimination, etc.),
which is something modern board games have introduced in the last decades, mainly
due to the influence of Eurogames [11]. Games like Ikonikus, Dixit, and Fun Employed
require players to build their storytelling from other players’ contributions and build up
the narrative.
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The survey “Game perception questionnaire” was created to evaluate the experience
of the game in the context of its use for teaching–learning. Students were invited to rate
their learning experience in the following dimensions: generating ideas and innovation,
establishing or reinforcing leadership, encouraging decision-making, empathy between
participants, communication between participants, collaboration between participants,
and fun and motivation. It was an individual assessment (each player assigned a point to
each member, without debating with the other participants). A 7-point Likert scale was
applied, in which 1 meant “nothing/never” and 7 meant “very much/every day.” Each
student filled out this questionnaire at the end of his or her individual experience with
each game.

2.2 Statistical Analysis

To characterize the sample, means and standard deviations of the socio-emotional vari-
ables were obtained. The medians and interquartile ranges of each transversal skill were
used for each game, game category, and for the overall program in order to know to what
degree the students perceived that these skills had been worked on. The game categories
were compared in relation to their scores in transversal skills using the Kruskal Wallis
test (p-value < 0.05).

3 Results

The scores of the training program (see Table 1) stand out in empathy and fun (M = 7;
IR= 2), followed by communication and collaboration (M= 6; IR= 2). The transversal
skill with the lowest median and highest interquartile range was leadership (M = 5; IR
= 5).

In communication, the games with the highest scores were Ikonikus (M = 7; IR =
.75) and Dixit (M = 7; IR = 1.5). The students gave higher scores to Happy Salmon
(M = 7; IR = 0) and Ikonikus (M = 7; IR = .75) in collaboration. In empathy, the
games Ikonikus and Funky Chicken (both: M = 7; IR = .75) were rated the highest.
In decision-making and leadership, only Ikonikus obtained a score higher than 6 (M =
6.5; IR = 2). In innovation, Fun Employed was the game that most stood out (M = 7:
IR = 3), while in fun it was Just One (M = 7; IR = 0). Ikonikus was the game with the
highest scores in all transversal skills (M ≥ 6.5), followed by Dixit (M ≥ 6).

When making comparisons between game categories, significant differences were
found for all scored skills (p ≤ .02), except for collaboration (p = .28) (see Table 1).
Storytelling games scored higher in communication (6.02 ± 1.34; H = 14.30; p = .00),
decision-making (5.37 ± 1.63; H = 9.54; p = .01), and leadership (4.39 ± 2.14; H =
11.81; p = .00). In empathy, storytelling (6.08 ± 1.27) and narrative games (6.09 ±
1.32) obtained the highest scores (H = 7.81; p = .02). Storytelling (5.73 ± 1.35) and
expression games (5.98 ± 1.21) scored higher than narrative games in innovation (H
= 39.49; p = .00). Finally, the games that scored the highest in terms of fun were the
expression games (6.40 ± .85; H = 7.67; p = .02).
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Table 1. Descriptive data (median (Interquartile range)) of transversal skills scores for each game
and for the complete program.

Board Games TS1 TS2 TS3 TS4 TS5 TS6 TS7

Imagidice! 6 (1) 5 (2) 7 (2) 5 (2) 4 (4) 5 (3) 7 (1)

Ikonikus 7 (.75) 7 (.75) 7 (.75) 6.5 (2) 6.5 (2) 6.5 (2) 7 (1.75)

Telestration 4 (5) 6 (3) 6 (3.75) 4 (1) 1 (3) 6.5 (2) 6 (1.75)

The mind 1.5 (5) 6.5 (4) 7 (3.75) 6 (4) 3 (4) 5 (3) 5.5 (4)

Dixit 7 (1.5) 7 (2) 7 (1.5) 6 (2) 6 (2) 6 (2) 7 (1)

Happy Salmon 7 (2) 7 (0) 7 (1) 2 (2) 3 (5) 2 (5) 7 (1)

Fun Employed 7 (2) 6 (2.5) 6 (3) 5 (3) 2 (3.5) 7 (3) 5 (3)

Just One 6 (1) 6 (1) 7 (2) 5.5 (2) 5 (1.75) 6.5 (2) 7 (0)

Codenames 6 (2) 6 (2) 6 (1) 5 (1.5) 5 (2.5) 5 (2) 5 (3)

Funky Chicken 6 (1) 7 (1) 7 (.75) 5 (1) 5 (4) 5 (5) 7 (1)

TS (transversal skill) TS1., Communication; TS2., Collaboration; TS3., Empathy; TS4., Decision-
making; TS5., Leadership; TS6., Innovation; TS7., Fun/Motivation.

4 Discussion

The students perceived that throughout the entire training program they had worked
on their empathy, collaboration, communication, and innovation skills, and to a lesser
extent on their decision-making and leadership skills, while having a high level of fun.

In communication, we saw that storytelling games scored higher compared to nar-
rative and other types of expression games (e.g., Imagidice!, Ikonikus, Dixit, and Fun
Employed). These four games are characterized by the need to create a story from a
few elements. Players must, to a large extent, interpret what they see and develop a
whole story that gives meaning to the elements that they have. These storytelling games
require greater agency. Players must be engaged and establish relationships to support
a meaningful and coherent narrative [12, 13].

In the skill of empathy, the expression category scored the lowest compared to
storytelling and narrative. Even though Just One and Telestration are games in which
players have to guess what their partner means to find out the target word or concept,
therefore needing to think about how the other person might think, there were games in
the other categories that perhaps required more of this skill to win (e.g., Ikonikus). The
experience of studying or working in the health field is considerably associated with
emotional challenges related to empathy, and it would probably benefit from there being
some distance between the challenge and the player’s beliefs [14].

Storytelling board games stood out above the other two categories in decision-
making. These results make sense considering that in this category there were games
in which the students had to choose between different options to give an appropriate
response to each situation. In Ikonikus, they had to choose the card that best fits the
emotion that the other person would feel, and in Dixit, the card that best reflected the
concept chosen by the active player.
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The scores for leadership were low, which can be explained by the nature of the
games. Many were collaborative or semi-collaborative, having mechanisms to control
emergent leadership, such as controlled communication. Leadership is crucial for pos-
itive communication with patients and their families, but also within multiprofessional
health teams [15].

Regarding innovation ability, a difference was found between the narrative games,
which had lower scores, and the storytelling and other types of expression games, which
had higher scores. Innovation is one of the most difficult skills to be worked on by
students. This is probably explained by the fact that students define innovation as a mix
of competencies, such as tolerance for uncertainty, embracing risk, human-centeredness,
awareness of processes, team knowledge, creative confidence, etc. [16].

5 Conclusion

Students perceive thismethodologybasedongames as away to combine the development
of their empathy, communication, and collaboration skills with a high level of enjoyment.

Future studies could test the use of different games (for example, games with
greater decision-making capacity) as well as different ways of implementing them in the
classroom to find the optimal way to work on these skills within the curriculum.
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Abstract. Teaching “dead” languages and cultures poses unique challenges.
Brendan’s Voyage is a serious game under development for teaching medieval
cultures and languages in a narrative context. Developed at the intersection of
game-based learning (GBL), communicative language teaching (CLT), and situ-
ated (immersive) learning, Brendan’s Voyage places the user in an environment
infused with the art, architecture, and literature of 12th century Europe. After a
concise review of important research on language learning using GBL, CLT and
immersion, we focus on game narrative, arguing that it ties together the aims of
GBL, CLT, and immersion.We outline our narrative-first process in creatingBren-
dan’s Voyage and show how this method addresses language learning objectives.
Finally, we use a completed module to demonstrate the concrete advantages of
narrative-based play to teach a fusion of language and historical cultures. To this
point, serious games have been designed to teach living languages or to allow a
user experience of past cultures. This paper elaborates the project background, the
educational objectives of the game, and the specific ways in which our narrative
focus provides an enhanced context for teaching medieval culture, history, and
language in the form of a web-based game.

Keywords: Languages · game-based learning · narrative · situated learning ·
communicative learning

1 Introduction

The role of narrative in video games has long been contentious. While Aarseth, Murray,
Juul, and Bogost have all contributed to the “narratology v. ludology” discussion [1–
5], the more practical and quantifiable aspects of narrative in serious games remain
understudied [6]. Brendan’s Voyage is a web-based game in development that teaches
the player to speak, read, andwrite basicmedieval French (Anglo-Norman dialect) while
also learning key lessons about medieval politics, gender, aesthetics, religious society,
and literature. Not only is the game an adaptation of the medieval text The Voyage of
Saint Brendan, it also relies on game narrative to accomplish its learning objectives. The
development of the game begins with narrative and its active role in language learning,
a design approach we call “narrative-first.”
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Now in its intermediate phase of development,Brendan’sVoyageproduces a dynamic
cultural and linguistic learning experience by drawing on the insights of game-based
learning (GBL), communicative language teaching (CLT), and situated learning. Often,
these theories are segregated within communities of gaming (and reflection on gam-
ing) associated with language learning on the one hand and reconstructing premodern
history on the other. In an effort to combine these approaches, the five learning mod-
ules of Brendan’s Voyage guide the player to learn substantive language skills and
cultural knowledge by placing the player in a narrative-focused environment informed
by contemporary language pedagogy and narrative theories.

2 Background

Our approach to game design is motivated by existing work in the areas of game-based
learning, communicative learning, and situated learning, as applied to language learning.

2.1 Game-Based Language Learning

Game-based learning is ideally suited to language acquisition. Citing multiple studies,
Constance Steinkuehler and Kurt Squire suggest that language learning is “perhaps
the most powerful means to which games have been leveraged to date” [7]. Students
often hesitate to speak in class or use their new language skills with other speakers,
an imaginary wall called the “affective filter” [8] that they erect due to anxiety, low
self-confidence, or lack of motivation. A good learning game environment increases
motivation and lowers the affective filter, allowing the student to create an avatar or
alternative self with different characteristics like “good at languages” or “outgoing”
[9, 10]. Studies of avatar use in second language-learning environments have shown a
reduction in anxiety with the selection of customizable avatars [11, 12].

2.2 Communicative Language Teaching

Pedagogical approaches to language teaching have changed over the last decades as
research studies have helped show what methods work best in different environments.
Nonetheless, a consensus has emerged that language pedagogy should aim for commu-
nication rather than mastery of complex grammatical structures [13, 14]. While modern
and dead languages were previously taught using a focus on written grammar and trans-
lation of materials to and from target languages, modern language pedagogy has turned
to emphasizing the ways that language learning is linked to communicating with target-
language speakers or to accomplish tasks in a target-language environment. This method
works well for modern languages, but dead languages (Latin, medieval French, Sume-
rian, etc.) are still almost exclusively taught using the antiquated grammar-translation
model. The use of a communicative model for teaching dead languages can increase
student motivation and learning [15].
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2.3 Situated Learning

Fromstudy abroad to immersive classrooms, the success of language acquisition depends
upon where the learning takes place. As founding proponents of situated learning assert,
“knowledge is not independent but, rather, fundamentally ‘situated,’ being in part a
product of the activity, context, and culture in which it is developed” [16]. Recent work
on language teaching has turned to the affordances of technology and/or gaming to
provide the situated-ness that enhances learning in all disciplines [17]. Some examples of
games that create contexts for language acquisition include an escape room for teaching
grammar [18], a VR world to learn Irish [19], and The Sims 4 as a pretext for practicing
oral communication skills [14].

3 Narrative-First Design and Brendan’s Voyage

There is no shortage of entertainment-focused games that engage medieval cultures.
Assassin’s Creed offers elaborate aesthetic designs of medieval Paris among other loca-
tions.What is more, the team that designs the Assassin’s Creed series includes historians
to inform the historical richness of period artifacts and architecture [20]. Nevertheless,
the Assassin’s Creed series is not “serious,” defined as a game that imparts specific
learning objectives or skills to its players [21]. The commercial success of Assassin’s
Creed signals a public appetite for exploring medieval environments, but the game also
points to the opportunity to satisfy this clamor with a serious game that actively teaches
its players skills and knowledge bases about the Middle Ages.

While still in development, Brendan’s Voyage achieves this goal through the game’s
aesthetic richness and historically informed design while also organizing game play
around modules that teach spoken and written medieval French language. The mod-
ules provide users with key information about medieval culture, from the importance of
female patronage of the arts in Norman England to the process of making manuscripts
in medieval monasteries. With few exceptions, games designed to teach the French lan-
guage are focused on contemporary societies, somewhat ironically, since many students
can travel to francophone countries to achieve the immersion that the games provide.
With ancient cultures and dead languages, students can only access these worlds through
digital recreations.

3.1 Defining Narrative in Game Studies

Blyth has observed that AR-generated storytelling environments have begun to serve
as a crucial mechanism for intercultural exchange in the context of games that promote
foreign language learning [22]. Yet scholars have sometimes objected that such games
fail to account for the complexities of embodied language use in the world, which is
often, as Blyth suggests, “dynamic, hybrid, and transnational.”

Brendan’s Voyage takes this concern seriously by emphasizing the dynamism, plas-
ticity, and transnational character of the medieval French dialect spoken in England
during the composition of the Brendan story. The player does not learn an idealized
standardization of the target language (L2) but instead learns a specific dialect asso-
ciated with a particular story told in a specific time and place (early twelfth-century
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England). Several details of the game design promote the player’s awareness of the tar-
get language’s historical context and fluidity. For instance, in the first module, the player
must learn to converse with Lady Adeliza of Louvain, the French-speaking Queen of
England who commissions the Brendan story to be translated from Latin into French.
This historical context becomes explicit throughout the first game module, emphasizing
the time-bound character of the language as a regionally situated dialect associated with
a particular narrative tradition, cultural context, and political background.

Additionally, all the modules of Brendan’s Voyage position the player as a mono-
lingual character learning a second language (medieval French) in order to culturally
assimilate within a bilingual society. Contrary to earlier theories, contemporary second
language acquisition research has strongly suggested that England became a diffusely
bilingual country after the Norman Conquest. Richard Ingham has argued persuasively
that English folk spoke andwrote in bothEnglish andFrench across social demographics,
albeit with varying degrees of oral and written fluency [23]. Our game foregrounds this
bilingualism by creating conversations between the player and various characters which
involve speaking in combinations of medieval French and (contemporary) English.

Written exerciseswithin the game aremodeled on extant bilingualmedieval texts that
used one language for themain body paragraphs and the second language in commentary
written around the main text. Relying on this research in medieval studies and historical
linguistics, our team has fashioned a game that self-consciously conveys the regionalism
and historically dynamic political contexts that gave rise to medieval French spoken in
England. This approach realizes Blyth’s call for serious games that teach language in
ways that acknowledge the dynamic, historical embeddedness of world languages.

3.2 Embedded and Emergent Narratives: Maximizing Learning Potential

Sengun has recently drawn attention to the lack of a standardized definition of narrative in
discussion of games [24]. Competing definitions of game narrative signal the need for a
more sustained discussion of how to distinguish narrative, storytelling, and other related
terms that Sengun delineates. Following Jenkins [25], Sengun adopts a useful distinction
between “embedded” and “emergent” narratives. Embedded narratives comprise the
elements of a game’s structure supplied by the designers, whereas emergent narrative
refers to the experience of gameplay created by a player as they navigate through the
game. Within a given game, the embedded narrative’s structure may be more or less
defined and rigid, which influences the valence of emergent narratives that a diverse
range of players may generate through gameplay. A properly calibrated relationship
between these two elements can maximize the language-learning potential that Blyth
elucidates [22].

Specifically, Brendan’s Voyage offers a game narrative that embodies Sengun’s con-
cept of non-sequential autonomy. In such a model of game narration, the player may
move in ways that are not fully constrained by prescriptive tasks. While Brendan’s Voy-
age is largely a task-based game experience, the player maymigrate freely around spaces
in ways that are generally guided by the objectives of specific learning activities. The
player’s movement, however, is not constricted by those goals. In fact, many of the
objectives require players to wander in virtual space.
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This is essential for many of the passive cultural learning goals featured in the
embedded narrative. For example, in module two, the player finds themself in a medieval
English monastic scriptorium where texts were copied and preserved. A discussion with
amonk gives the player a specific task. The playermust gather specific elements required
to copy a text on parchment. This mechanical task immediately implicates the player
in a second, subsidiary set of tasks relating to learning medieval French. In order to
accomplish the first set of goals, the player must gradually understand and communicate
using medieval French language. Crucially, the player may only accomplish both sets
of goals by wandering in the visual environment of the space. In this particular module,
the player’s wandering brings them several times past a detailed visual rendering of a
set of tapestries (Fig. 1).

These tapestries are intentionally inspired by the well-known Bayeux tapestries that
depict the Norman Conquest of England in 1066. These events are extremely important
for the cultural background of the early modules of Brendan’s Voyage, since the story of
St. Brendan was translated from Latin into French about sixty years after this culturally
seismic event. Eventually, the tasks of the module’s embedded narrative ask the player
to interact with the surface of the tapestries themselves as a kind of giant textbook
page. Hence, the virtual tapestries are involved in the learning process as objects of
passive cultural learning and active linguistic learning. Similarly, in module three, a
player navigating a market space within the castle walls will hear greetings in Dutch,
Catalan, and other languages in which the Brendan story circulated through global trade.
These audio and visual details of the game’s embedded narrative also inform the passive
learning opportunities that players variously encounter within their emergent narrative
experience of the gameplay.

Fig. 1. Player’s view of a pair of tapestries inspired by the famous Bayeux Tapestries depicting the
Norman Conquest of England. Situated within a virtual medieval scriptorium: Learning Module
2 of Brendan’s Voyage.
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To summarize, the embedded narrative of Brendan’s Voyage imposes certain core
aesthetic dimensions, audio-visual experiences, and learning activities that the player
must engage. At the same time, each learning module of the game invites the player
to explore the space of the medieval gaming environment with a high degree of free-
dom. This carefully calibrated relationship between embedded and emergent narrative
elements serves to optimize both active and passive cultural learning outcomes that
accompany the more task-based language learning goals of the game.

4 Future Directions and Priorities

With the rise of artificial intelligence and virtual reality, Blyth argues that the future
language teacher will be required to use digital technologies to “help learners curate
their personalized learning experiences” [22]. Brendan’s Voyage realizes this vision for
a digital, narrative-based approach to language learning. With our game design partner
Causeway Studios, we are in the process of writing, designing, and testing the remaining
modules of Brendan’s Voyage. We have confidence that our narrative-first design will
help position the resulting game as a pedagogically innovative, historically informed,
and enjoyable serious game exploring the medieval past.
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Abstract. This demo paper presents two prototypes of an educational video game
for learning Binary Search Tree data structure in higher education environments.
The prototypes were used to evaluate the effectiveness of video games to teach
abstract non-intuitive conceptual knowledge and the effect of educational video
games’ perceptual realism on learning gains and motivation. The paper provides
a detailed description of the game, focusing on the game’s learning aspects, such
as the learning theory, pedagogical approach, learning objectives, and learning
activities. It also emphasizes how the game elements reflect the learning aspects
to facilitate learning complex conceptual knowledge.

Keywords: Analogies · Educational Video Game · Binary Search Tree

1 Introduction

In this demo paper, we present two prototypes of an educational video game,DS-Hacker,
designed for learning the Binary Search Tree (BST) data structure in higher education
environments. The game aims to evaluate two aspects: (1) the effectiveness of video
games in teaching abstract, non-intuitive conceptual knowledge, and (2) the impact of
video games’ perceptual realism on learning outcomes and motivation.

Regarding the first aspect, DS-Hacker adopts a constructivist approach, aiming to
facilitate the connection between newly taught information and the learner’s existing
knowledge. To achieve this, the game uses analogies, which compare parts of structures
between two domains [4]. These domains must share symmetrical relations among their
components, with the goal of transferring ideas and concepts from a familiar domain
(referred to as the source or base) to an unfamiliar one (known as the target) [5].

Concerning perceptual realism, it refers to “how closely objects, environments, and
events depicted match those that actually exist” [8]. To evaluate the effects of perceptual
realism, two versions of DS-Hacker with different levels of perceptual realism were
developed. The first version is a 3D adventure PC game, while the second version
is a 2D adventure PC game. Both games differ in their dimensionality, graphics, and
physics. However, narrative elements, game challenges, levels, and learning aspects
remain consistent across both versions of the game.
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This demo paper describes the learning aspects and core game concepts of DS-
Hacker (2Dand 3D).Wediscuss the learning theory and pedagogical approach employed
for effective knowledge transmission. Additionally, we list the learning objectives and
activities covered by the game. Furthermore, we explain the narrative aspects, aesthetics,
and game mechanics used to convey the learning experience.

2 Related Work

Educational video games have become popular among computer science educational
researchers. In a comprehensive systematic literature review, Petri and Gresse vonWan-
genheim [9] found 108 games and 117 evaluations related to the computer science field.
However, as of 2020, only sixteen educational video games focusing on data structures
were reported in the academic literature [11].

Concerning the games that focus on tree data structures, we highlight four. The first
one, called Elemental: The Recurrence, is a 3D puzzle-coding game that intends to teach
the recursive depth-first search (DFS) algorithm of a binary tree [3]. The second game
focuses on Adelson-Velsky and Landis (AVL) trees, and it is an adaptation of the classic
game Mario [14]. The third game, called AVL Tree Game, is a mobile casual-puzzle
game, and it intends to teach the AVL tree rotation and the add algorithm [13]. More
recently, Jiménez-Hernández et al. [6] reported Tree Legends with UnityChan, a game
for learning tree traversal and search algorithm. The game focuses on binary, ternary,
and quaternary trees.

3 Game Description

DS-Hacker is a PC video game with two versions that vary in their level of perceptual
realism. One version of the game is a 3D third-person adventure (Fig. 1) developed with
Unity. This version features representational 3D graphics and accurate physics, resulting
in complex navigation mechanics that require the player to use the keyboard and mouse.
The second version of DS-Hacker is a 2D top-down adventure game (Fig. 2) devel-
oped with RPG Maker MV. The 2D version has abstract graphics and simple physics,
making the navigation mechanics straightforward, with the player moving over a flat
surface. Its main controller is the mouse, and the keyboard is optional. Both versions of
the game were designed to teach the BST data structure to students enrolled in intro-
ductory programming courses in higher education environments. It specifically targets
bachelor students in engineering, computer science, or mathematics schools with pro-
gramming courses. The game’s content was selected based on the guidelines for under-
graduate degree programs [1], ensuring it aligns with the curricula of many introductory
programming or data structures courses.

Regarding the learning aspects, DS-Hacker (2D and 3D) was designed from a con-
structivist stance, which posits that learners build their knowledge by connecting new
information with familiar experiences. The assumptions about how people learn were
derived from Kolb’s experiential learning theory and Kolb’s experiential learning cycle
[7]. Consequently, the game’s learning experience emulates this cycle, linking new
information (e.g., BST conceptual knowledge) with familiar knowledge (e.g., previous
gaming experiences).
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Fig. 1. Screenshot of DS-Hacker 3D Level 1.

Fig. 2. Screenshot of DS-Hacker 2D Level 1.

Regarding the learning content, DS-Hacker (2D and 3D) focuses on fundamental
concepts of the BST. According to Sedgewick andWayne [12], a BST is a specific order
of a Binary Tree (BT). A BT is a structure made up of objects known as nodes, each
of which contains two links that can be null or refer to other nodes. Additionally, each
node can be pointed to by just one single node. On the other hand, BST nodes have
two additional elements: the comparable key and the associated value. They satisfy the
property that “the key in any node is larger than the keys in all nodes in that node’s
left subtree and smaller than the keys in all nodes in that node’s right subtree” [12].
Consequently, the learning objectives (LOs) cover two topics: BT and BST. Table 1
presents the LOs.

Regarding the game genre, the rationale for adopting the adventure genre is its
flexibility for teaching purposes. This story-driven genre incorporates conceptual puzzle
elements that are ideal for teaching conceptual knowledge. For example, it allows for
the introduction and explanation of concepts and theories through the game’s narrative
elements. Additionally, cognitive and conceptual puzzles can be used to create scenarios
where players can practice the concepts taught in the story.

Concerning the game genre, the rationale for adopting the adventure genre is its
flexibility for teaching purposes aswell as its popularity. This story-driven genre presents
conceptual puzzle elements that are ideal to teach conceptual knowledge. For example,
it is possible to introduce and explain concepts and theory through the game story using
narrative elements. Meanwhile, the cognitive and conceptual puzzles can be used to
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create scenarioswhere the player canpractice the concepts taught by the story. Finally, the
adventure genre is a well-known genre among teenagers and young adults that presents
a low learning curve.

The theme of DS-Hacker (2D and 3D) is cyberpunk science fiction, and its story
follows the Hero’s Journey structure [2], a narrative progression used in many myths
and classic tales. The game’s narrative takes place in a distant future, where a corrupt
corporation disrupts society’s balance. In the game, the player assumes the role of a
robotic hacker, created by activists to infiltrate the computational systems of these corrupt
corporations. The robot must traverse several mazes, called Data Systems, consisting of
interconnected chambers, and extract information stored within each chamber of the
computational systems. However, before embarking on the quest, the robot undergoes
training and calibration by its creator, Anonymous, a non-player character who guides
the player through the game levels. These events mark the beginning of the hero’s
transformation. The story is presented with appealing graphics, music, sound effects,
and a futuristic game environment1, creating an immersive atmosphere aligned with
the game’s narrative and designed to increase players’ immersion and fantasy, thereby
enhancing their intrinsic motivation.

Concerning the game world, Data Systems are places where corporations hide and
protect their information. The structure of these systems follows the same organization
as well-known data structures. Due to the game’s learning objectives, the Data Systems
reflect the structure of BTs and BSTs, and many key elements of the game environ-
ment represent important elements of these data structures. For example, a Data System
that represents a BST consist of a set of rooms that represents the BST nodes. These
rooms possess portals, an ID, and a central computer and are organized following the
BST property. Portals represent the links that point to other nodes, and deactivated por-
tals represent null values. The room ID represents the BST comparable key, and the
information stored in the central computer represents the node’s associated values.

Narrative elements play a primary role in teaching the conceptual knowledge of
BST. The game’s story progresses through monologues delivered by Anonymous, who
appears at the beginning of each level or upon completing a challenge. Thesemonologues
introduce the missions of each level and the essential BT and BST concepts needed to
overcome them. To enhance the understanding of BT and BST concepts, Anonymous
employs analogies between the game environment described above and the BT and
BST data structures. These analogies aim to facilitate the creation of new knowledge by
relating it to the gaming knowledge.

Regarding the User Interface (UI), it is designed to reinforce the BT and BST con-
cepts. For example, themap of the gameworld serves as a visual representation of a BST.
The pause menu includes an option to display cards featuring the concepts taught in the
level. This allows players to pause the game and review these concepts to tackle chal-
lenges effectively. By incorporating these UI elements, the game reduces the cognitive
load on players by providing helpful reminders related to BT and BST concepts.

DS-Hacker (2D and 3D) game consists of four levels. Level one serves as a tuto-
rial, introducing players to game controllers, UI, game world, and story. Challenges in
this level focus on exploration, allowing novice players to become familiar with game

1 https://www.dropbox.com/s/eoecefxjqx3pnr2/Gameplay%20DS-Hacker%203D.mkv?dl=0.

https://www.dropbox.com/s/eoecefxjqx3pnr2/Gameplay%20DS-Hacker%203D.mkv?dl=0
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controls and navigation skills. Additionally, it allows the players to get familiar with the
game world. Level two introduces the concept of BT and node structure. Level three

Table 1. Levels, topics, intended learning objectives (LOs), and learning activities (LAs) of DS-
Hacker (2D and 3D).

Level Topics LOs Learning Activities

Level 1 No topic No LOs No learning activities

Level 2 Binary Tree node LO1. The student should
understand the concept of BT
LO2. The student should
define the basic elements that
compose a BT node

LA1. Read and listen the BT
definition
LA2. Read and listen the node
definition and its basic
components
LA3. Read and listen the link
definition (reference/pointers)
LA4. Relate the portals (links)
with the concept of
reference/pointers
LA5. Relate the chambers of
the game environment with
the BT node structure and
components

Level 3 Binary Tree structure LO3. The student should
identify BTs
LO4. The student should
identify the BT’s components

LA6. Read and listen the
definition of the left and right
child
LA7. Read and listen the
definition of the parent node
LA8. Read and listen the
definition of a sub-tree
LA9. Identify the left and
right child of the BT
represented by the game
environment
LA10. Identify the root node
of the BT represented by the
game environment

Level 4 Binary Search Tree LO5. The student should
explain the BST property
LO6. The student should
identify the BSTs
LO7. The student should
solve problems using the BST
property
LO8. The student should
determine whether the BST
property is unfulfilled

LA11. Read and listen the
definition of the basic
components of a BST
LA12. Read and listen the
definition of the BST property
LA13. Apply the BST
property to search for specific
nodes
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revisits the BT structure and its component names. Level four introduces the BST data
structure, its unique components, and properties. Table 1 summarizes the topics, LOs,
and activities for each level.

4 Conclusion

This demo paper presented a detailed description of two prototypes of an educational
video game for learning BST, called DS-Hacker (2D and 3D). Specifically, the paper
provided a detailed description of the video game’s learning aspects focusing on the
learning theory, pedagogical approach, learning objectives and learning activities. Then,
the paper described how the learning aspects were reflected in the game elements, such
as the game narrative, challenges, and game world. It was expected that the rigorous
match between the learning aspects and the game elements increases the video game’s
potential to convey learning of abstract non-intuitive conceptual knowledge. Moreover,
the two versions of DS-Hacker were evaluated in 2020 [10]. Results were promising and
showed the potential of the video game’s approach.
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Abstract. Our Cultural Heritage is a treasure trove of human his-
tory, consisting of collective knowledge, traditions, and artifacts passed
down from our predecessors. Communication of Cultural Heritage in the
contemporary digital era can be facilitated through interactive media,
such as games, which serve a purpose beyond mere entertainment. Seri-
ous Games have evolved as a potent instrument for engaging users in
investigating Cultural Heritage. They offer an immersive and intrigu-
ing experience transcending mere passive observation, encouraging active
participation.

The demo of the BeA-ViR Game presents a work-in-progress Serious
Game to emphasize Cultural Heritage content in a virtual environment.
To be more specific, simple gamification elements focused on chronologi-
cal and spatial dimensions are introduced presenting ancient archaeolog-
ical findings uncovered in Japan in order to engage users with the virtual
contents.

Keywords: Serious Games · Cultural Heritage · Archaeology

1 Introduction

Cultural Heritage Communication (CHComm) is recognized as part of the strate-
gic objectives of UNESCO regarding Cultural Heritage (CH) [12]. Typically, her-
itage conservation is combined with disseminating heritage to current and future
generations. Indeed, heritage conservation is a “communicative act”, and public
communication is an integral aspect of the conservation process [3]. Nowadays,
ubiquitous Internet access and the usage of digital media to communicate CH
have drastically altered CHComm. In fact, senders worldwide can include CH
meaningful information in a message transmitted via a digital medium.

Among the different media, Serious Games have shown to be a potential
instrument in the field of Cultural Heritage and can attract more individuals
who are unfamiliar with art [2], history [11], or archaeology [1]. In the archaeol-
ogy context, they have been designed to boost user interest in remote and inac-
cessible archaeological sites, raise awareness of these sites, and possibly offer a
way to visit them using digital technologies [7]. In these games players can move
around reconstruction of archaeological sites and examine 3D artifacts (often
c© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
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photoscanned). They may rotate, zoom in, and inspect artifacts from various
angles to understand their details, significance, and historical context [4]. Most
of games in this field are based on the spatial and temporal organization of con-
tent, fundamental elements in archaeology. In fact, some Serious Games feature
interactive ways to explore content chronologically, allowing players to navigate
through different historical eras (e.g. Father and Son Game1). This may concern
significant events, cultural shifts, and archaeological discoveries, giving players
a sense of how civilizations evolved over time. The spatial feature is considered
through the use of maps or 3D reconstructions that provide information on the
geographic distribution of unearthed artifacts or sites present in the game [10].

The BeA-ViR System [9] enables users to visit and analyze the spatially
and temporally organized digitized Japanese sites and artifacts excavated by
the BeArchaeo Project2. In this demo we present BeA-ViR Game, that relies
on exploration and engaging gamification elements based on geographical and
chronological dimensions. Gamification may aid users in their reception of cul-
tural information pertaining to Japanese history by promoting an interactive,
user-action-based approach that goes beyond the passive presentation of the
content.

2 BeA-ViR Game

Beyond Archaeology (BeArchaeo, for short) is an archaeological project that
employs digital techniques throughout the entire process of excavation, inter-
pretation, and presentation of findings from the Tobiotsuka Kofun, a late
6th-century mounded tomb located in Soja City, Okayama Prefecture, Japan.
The project focuses on the excavation activities at Tobiotsuka Kofun as well
as the archaeological and archaeometric studies from other sites in the same
region (Okayama Prefecture) and nearby prefectures (Shimane and Tottori). Its
methodology involves the use of a semantic database that contains comprehen-
sive information on all excavation and analytical activities conducted [5,6]. BeA-
ViR is a multi-lingual and multi-platform (desktop, browser and CAVE) system
for showing and assessing photoscanned artifacts from the BeArchaeo project.
BeA-ViR was presented at the exhibition “The Tale of Be-Archaeo: between Sci-
ence and Tradition” which was held at the Shimane Museum of Ancient Izumo,
Japan, and at the Rectorate Building of the University of Torino, Italy.

Through BeA-ViR, users can view sites and artifacts by interacting with vir-
tual surfaces in various exhibition environments. The application provides three
exhibition layouts based on archaeological content: Single Finding Exhibition
(which concerns only one finding), Multiple Findings Exhibition (which concerns
several findings from multiple related sites), and Site Complex Exhibition (which
concerns a virtual representation of an archaeological site and its findings). The
entry to the individual environments is controlled by an introductory environ-
ment (Main Hall, Fig. 1a) via virtual gates. Users can navigate through the gates
1 Father and Son Game.
2 BeArchaeo Project Website.

http://www.fatherandsongame.com/
https://www.bearchaeo.com
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and explore the site-related photoscanned findings in each environment. The con-
trols used by the user are the triggers and buttons on the gamepad or keyboard
controller as well as the footboards in the surrounding virtual environment. The
footboards allow the user to move from one area to another and activate spe-
cific functions related to the archaeological and geographical information of an
environment. The controls, standardized to the various target platforms, allow
the user to move in first person and also observe the environment from above
through a particular action, such as flying or jumping to a greater height before
falling with gravity. Finally, users who don’t want to explore can use the “guided
tour” function that leads them through predetermined paths of exploration, stop-
ping at each specified point of interest. Users can approach each finding in each
environment, assess its original size using metric cues, and view the linked infor-
mation acquired from the BeArchaeo semantic database using graphics panels
(Fig. 1b). The facts displayed vary depending on the user; there is more generic
information aimed at the general public and more technical information aimed
at professionals. In addition to the objects, 3D representations of archaeologi-
cal sites where the artifacts were discovered are available. In BeA-ViR, spatial
and temporal dimensions are crucial. In fact, the contents shown, in addition to
the division based on the number and type of artifacts, are grouped from their
geographical origin and the period of Japanese history to which they belong.
The spatial dimension is highlighted through a 3D map of Japan present in each
explorable environment in which the name of archaeological sites from which
the artifacts come are shown. The Main Hall is organized as a double-encircled
surface, with the inner circle implementing the spatial dimension (with all the
gates visible) and the exterior circle representing the time dimension. If the user
touches the external circle, the chronological dimension is enabled and a trans-
parent wall appears between them and the gates. This wall works as a timeline
and allows exploration of the areas by exploiting the historical period to which
the displayed contents belong.

Fig. 1. Screenshots from BeA-ViR.
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3 Geospace and Chronology Through Interaction

BeA-ViR Game contains simple gamification components, which create a higher
level of engagement and immersion when compared to a passive presentation of
the CH content. In fact, information about geographical and temporal dimen-
sions is only displayed as a result of the user’s exploratory activity, with the
goal of fostering discovery and observational abilities. Instead of immediately
displaying all the information to the user, the goal is to present it in a playful
manner, allowing it to be discovered through exploration. A tight relationship
between user engagement and CH dissemination keeps the player engaged in
long-term sessions [13] and indicates promising improvements in the learning
process, improving user attention and boosting higher-level critical thinking [8].

In conveying the spatial aspects, the gamification approach implemented
involves emphasizing the archaeological sites highlighted on the map of Japan.
Specifically, as the user approaches a gate, the map of Japan shows a bright beam
of light centered on the site related to the gate the user is about to explore. In
addition, the name of the site in question is enlarged, placing more emphasis
on the user’s exploratory choice and geographic information referring to the site
(Fig. 2a).

In terms of temporal aspects, the timeline has been the primary focus. To
investigate the environments by utilizing the historical eras to which the artifacts
and sites belong, the user must access the Main Hall’s outer surface. In this man-
ner, the timeline is displayed, and interaction with it requires circumnavigating
it. Only the gates that lead to sites that were active in the current chronological
era are depicted on the inner surface for each period of Japanese history. On
the timeline, historical period names and reference dates are represented by 3D
models that are highlighted (via a change in color and size) when the user is
in close proximity, in order to elucidate the impact of the timeline on the game
environment (Fig. 2b).

Fig. 2. Geospace (a) and Cronology Discovery (b).
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4 Conclusions

This paper presented the demo of the BeA-ViR Game, which is a work-in-
progress evolution of the BeA-ViR System. Users of BeA-ViR can interact with
multiple exhibition environments, see artifacts and sites digitized by BeArchaeo
Project, and access data from the semantic database for a distinctive virtual
exploration experience. In BeA-ViR Game, gamification increases user involve-
ment by emphasizing spatial and temporal aspects through interactive explo-
ration. Exploration by users can reveal spatial and temporal information, mak-
ing learning more pleasurable and productive. This method encourages a greater
comprehension of historical and archaeological contexts and strengthens critical
thinking.
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Abstract. German students have a high level of stress due to exam
anxiety and performance requirements. Serious games can help improve
students’ well-being and performance. The principle of pervasive games
also brings many opportunities. Regarding the design of such games,
there is still no consensus on which game design elements bring posi-
tive effects in which contexts. In this paper, we present a new pervasive
serious game for exam preparation. The game design was adapted to
investigate the relationship between motivation and game narrative. A
pilot study’s results show that the presence of a game narrative did
not affect the subjects’ motivation. However, the thematic relationship
between the game narrative and learning content seemed to be impor-
tant for the subjects’ motivation. Overall, most of the subjects enjoyed
the game and could imagine preparing for exams with such games in the
future.

Keywords: Serious Game · Pervasive Game · Narrative · Motivation

1 Introduction

German students are strongly burdened by exam anxiety and performance
requirements [2]. To increase the quality of life of students, learning content
can be conveyed or tested playfully. The so-called gamification of tasks and pro-
cesses has many positive effects on the behavior and well-being of users [8,15,19].
If a task is not just augmented by game design elements, but integrated into a
full-fledged game, it is called a Serious Game [9]. These include increased moti-
vation and attention to the task [4,5,7,10]. By using Serious Games, players
engage with the learning content for longer [6], and better preparation reduces
stress and anxiety related to exams [11]. Thus, it seems logical to use these games
for better preparation to reduce stress.

This paper presents a newly developed pervasive serious game. Through the
use of Tangible User Interfaces (TUI) as well as light and sound effects, the exam
preparation process of students could get more exciting. The experience charac-
ter is supposed to distract from the stress. To make the game suitable for many
c© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
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contexts, both the game narrative and the learning content are interchangeable.
Therefore, this game was used to investigate the following research questions:
Does (a) the presence of a game narrative and (b) the connection between learn-
ing content and game narrative have a positive effect on the players motivation?

2 Background

As introduced, this paper presents a Pervasive Serious Game. The term Perva-
sive Game refers to a spatially, temporally, or socially expanded game [17].

In the context of education, serious games have been developed and studied
that serve to teach new knowledge [22]. However, games in which already learned
knowledge is supposed to be applied are few to be found. One example of these is
OSCEGame [11]. It was developed to better prepare dental students for clinical
exams and to reduce exam anxiety and stress in this context. Results of the
associated study on the usefulness of the game showed that the game reduced
exam anxiety in 60% of all participants and promoted time management skills
in 65% of all participants.

Another example with a focus on the game narrative is the work of Jemmali et
al. [14]. With the 3D puzzle game May’s Journey, they investigated the benefits
of game narratives within educational games. In several levels, it teaches the
basics of programming along a fictional story. To investigate the usefulness of a
rich game narrative, they tested the game in a study with two versions of the
narrative, one rich and one light. Results of the study indicated that the rich
version of the narrative delivered increased engagement and higher performance
among testers.

3 Game Design and Prototype

Following DIN EN ISO 9241-210 [13], the concept for the developed game was
designed in a user-centered way. To understand the usage context, a task and
process analysis, a user analysis, as well as a context analysis were carried out
according to the suggestion of Preim and Dachselt [18].

3.1 Narrative

The so-called Integrated Game Elements, Narrative and Content (IGENAC)
model by Theodosiou and Karasavvidis [21] describes the structure of seri-
ous games. It tries to synthesize three different but related branches of game
design approaches: education-oriented, narrative-oriented, and conventional
game design elements. Essentially, it facilitates the instrumental use of resources
to overcome obstacles in a principled and contextual manner. In the narrative,
the game’s story, main characters, and environment are described. Obstacles
faced by the main characters in pursuit of their goals and the resources they use
in their encounters are also described. Interactions between these game elements
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are constrained by a set of operational and constitutive rules. To investigate the
importance of the thematic connection of game narrative and learning content
regarding motivation in the evaluation, two game narratives are designed. One
is thematically related to the learning content, the other is not.

As the learning content for the evaluation was supposed to be related to
medicine, the environment of the first narrative (hospital narrative) is a Parisian
hospital in the future. Using a futuristic laboratory, the main character is to help
analyze a previously unknown disease (goal).

The second narrative (temple narrative) takes place in an ancient Mayan
temple in the present (environment). The main character, whose role the player
assumes, has the goal of using a mystical ritual to gain access to the temple’s
treasury.

The resources include the required expertise as well as a certain physical
fitness. These are used in the form of mechanics: To operate the laboratory or
perform the ritual, cubes must be moved back and forth between pillars. Here,
the correct assignment of pillars and cubes is crucial for success. The goal of the
game is to analyze the unknown disease or reach the treasury. According to the
rules, the player plays three different phases on the way there, in which he or
she receives different types of tasks. If a phase, consisting of several rounds, is
not completed, it must be repeated.

3.2 Prototype

To investigate the research questions, a high-fidelity prototype was created. Its
structure is described below in terms of hardware and software level.

Hardware. An area of approx. 3× 4 m enclosed by a truss was used as the
playing field. The legs of the truss were wrapped with fabric and thus used as
pillars for the game.

The player makes the essential inputs during the execution of the mechanics
using cubes, which serve as a TUI. Those support the pervasive game character
through spatial expansion. The cubes were made for the game from universal
housings of about 10× 10 cm. They were equipped with an Arduino microcon-
troller [3], a display and a battery. To enable the player to assign the cubes to
the pillars, iPads were attached to the truss legs using stands on which the cubes
can be placed. The iPads recognize the cubes by unique multi-touch patterns on
their undersides. Additional inputs that influence the game flow can be made by
the player via a control tablet.

The essential outputs of the system are delivered via a wall-mounted TV,
the control tablet, the displays of the cubes, and the iPads of the pillars.

To support the immersion into the game and to improve the experience char-
acter of the game, the game is additionally underlined with light and sound
effects. For this purpose, LED strips were installed inside the pillars. The sound
effects are played back via the TV. Some impressions of the prototype are shown
in Fig. 1.
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Fig. 1. Prototypical game setup in a laboratory at the University of Lübeck.

Software. The software of the game consists of three components. Node.js was
used as the backend framework and Create React App as the front-end frame-
work. TypeScript has been used as the programming language. Communication
between distributed components was done via WebSocket and HTTP. The game
logic is executed on a local server. Graphic interfaces for the iPads and the TV
are provided via web applications that communicate with the game server in
real-time. The Arduinos on the cubes receive information from the game server
to be displayed on the cubes via the WiFi network. Scripts for those microcon-
trollers were written in C++.

4 Evaluation

To investigate the research questions as well as the acceptance and practical
applicability, a summative evaluation of the developed game was conducted as
a pilot study. To obtain a homogenous sample with a small number of test
persons, the evaluation was focused on medical students, and the content of the
game was adapted accordingly. The inclusion criterion was a study related to
medicine as well as already acquired knowledge in the field of anatomy, since
related questions are used in the game. During the evaluation period, a total of
nine test subjects were recruited. These were randomly divided into three groups
of equal size. Depending on their group, they were assigned one of the two game
narratives or no narrative.

The learning content of the game was compiled with the support of a physio-
therapist and a medical student based on content from the AMBOSS [1] learning
platform. The result was a question catalog with eight true-false questions, three
multiple-choice questions and three matching tasks on the topic of anatomy.
These were distributed in three rounds, each played in about five minutes.

Data were collected using three questionnaires [20], one before and two after
the game, as well as observations during the game. The first questionnaire (Ques-
tionnaire1 ) consisted of eight items to be rated on a 5-point Likert scale [16].



Pervasive Serious Game: Motivational Effects of Game Narratives 443

Four items were intended to capture the prior experiences and four to capture
the interests of the subjects. During the game, any salient outside observations
were documented. After completion of the game, the subjects were presented
with the other two questionnaires. The second questionnaire (Questionnaire2 )
was a modification of The Situational Motivation Scale questionnaire by Guay
et al. [12]. It is designed to capture situational intrinsic motivation, identified
regulation, external regulation, as well as amotivation using 20 items to be rated
on a 7-point Likert scale [16]. The modification of the questionnaire included a
translation into German and the replacement of the word activity by game. This
was intended to make it easier for the subjects to empathize with the statements.
The third questionnaire (Questionnaire3 ) consisted of four items to be rated on
a 5-point Likert scale [16] and three text fields for positive, negative as well as
other comments. Three of the items were used to examine the acceptance. The
remaining item was used to investigate practical applicability.

Motivation and Narrative. Regarding intrinsic motivation, captured by
Questionnaire2, the groups did not differ. On average, the value was in the
positive range. The subjects’ identified regulation of the temple narrative group
was slightly lower than that of the other groups. External regulation was low
across all groups, and amotivation was almost absent. Results are shown in Fig. 2.
Questionnaire3 revealed that liking the game narrative was highly subjective.
Although subjects showed liking of the narratives on average, the variance is
high. The subjects rated the connection between game narrative and learning
content as important.

Acceptance. The results from Questionnaire1 show that five of the nine sub-
jects feel pressure to perform within their studies. Seven indicate that this kind
of pressure causes them mental stress. According to Questionnaire3, almost all
subjects can imagine using a game like this to prepare for exams. All subjects
enjoyed the game and most can imagine using games like this for their exam
preparation. Through free text, the test subjects praised the immersive experi-
ence provided by light and sound effects. The component of physical activity,
in particular, excited many players, as it provided a welcome distraction from
sitting at a desk. Criticisms included the difficulty of the questions and some
usability issues such as an error-prone detection of the cubes and connection
problems of the components.

5 Discussion and Limitations

The results of the evaluation show an increased intrinsic motivation of all players.
Since there were no differences between the groups, for research question (a)
can be assumed that the test subjects enjoyed the game regardless of whether
they played with or without a narrative. Regarding research question (b) the
notable results of the subscale on the identified regulation lead to the assumption,
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Fig. 2. Averaged results subscales of Questionnaire2 of all subjects rated on a 7-point
Likert scale.

that a missing connection between the game narrative and the learning content
negatively distracts and lowers personal relevance. As also confirmed by the
results of Questionnaire3, a thematic connection is therefore useful.

The game could be extended by a more novel game mechanic as well as a
social component.

A crucial limitation of the conducted study is the small number of partici-
pants. Only nine test subjects could be acquired. On the one hand, this means
that the results cannot be statistically evaluated, and on the other hand, nega-
tive correlations may be found in the data collected. In addition, usability issues,
game rules in need of optimization, and questions that were sometimes too diffi-
cult could have hindered immersion in the game narrative. Possible motivational
effects could have been distorted in this way. As a next step, the automated gen-
eration of pervasive serious games is planned, whereby the combination of differ-
ent game narratives, learning content and game mechanics will be investigated
for suitability for use.
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Abstract. Interactive learning espouses a “hands-on” approach, aiming to foster
student engagement. In an interactive form of learning, serious games, and gam-
ification have been used in the classrooms to engage students. Nowadays, many
serious games and gamification with AR are used in classrooms as it encourages
engagement in interactive learning. However, with the usage of such technologies,
it remains challenging to engage students with certain impairments as the tools are
not designed to accommodate the needs of students with certain impairments. In
this poster paper, the focus is on challenges related to red-green color blindness,
since this is regularly affecting the learning experience among our students. Mak-
ing learning content accessible in an AR environment depending on the type and
severity of this color blindness is challenging and requires a better understanding
of the specific requirements in designingAR in serious games and gamification for
red-green colorblindness. To accomplish this, a systematic literature review (SLR)
is conducted with the aim of highlighting the existing challenges in designing AR:
i) serious games and ii) gamification. The paper also examines the challenges of
using AR in interactive learning in a broader context and identified challenges
with the key findings discussed.

Keywords: Augmented Reality (AR) · Serious Games · Gamification · Color
Blindness

1 Introduction

Interactive learning promotes active student engagement through hands-on experiences
[1], fostering the development of practical skills [2]. Serious games and gamification
have been used in classrooms, making the learning process effective [3]. Many of these
approaches integrate AR technology to enhance engagement in interactive learning [5].
However, accommodating students with any type of impairment in this interactive form
of learning is challenging because there is a lack of tools designed to meet their specific
needs [24]. Different types and severities of impairments require tailored solutions [26].
Impairments vary in type (visual, hearing, cognitive, etc.) and have diverse needs based
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on their type and severity [26]. The central impairment addressed in this paper is red-
green colorblindness, a type of visual impairment that affects the ability to distinguish
between shades of red and green [22]. Red-green color blindness is prevalent in approxi-
mately 8% of males and 0.5% of females [22, 23]. Given that a significant portion of our
student population consists of males, this research primarily examines the implications
of this impairment.

Apart from challenges in color distinction, students with red-green colorblindness
also face difficulties perceiving visual and auditory feedback if not catered to their needs
[23, 25]. To overcome these barriers, identifying challenges in designing AR for serious
games and gamification is crucial which generates our research question (RQ): What
actions need to be taken to overcome potential challenges in designing engagingAR in (i)
serious games and (ii) gamification applications that take the need of red-green colorblind
students into account? The paper aims to investigate design challenges reported in the
literature related to AR in (i) serious games and (ii) gamification. To achieve this, a
systematic literature review (SLR) is conducted which not only emphasizes the topic
but also explores the challenges within the broader context of designing for AR, serious
games, and gamification as exploring these challenges is vital for a comprehensive
understanding which ensures practical relevance and fosters innovation. Addressing the
identified challenges could contribute to a better understanding of the challenges and
future research can develop the guidelines to improve the player experience for red-green
colorblind learners.

2 Research Methodology

A systematic Literature Review (SLR) was conducted, following three stages: planning,
conducting, and reporting, based on Tranfield, Denyer, and Smart’s approach (2003).
The SLR ensures comprehensive research and transparency, benefiting various fields
(Thorpe et al., 2005).

2.1 Planning the Review

The first stage involves planning the literature review, focusing on AR challenges in (i)
serious games and (ii) gamification for red-green color blindness. ‘Scopus’ and ‘Science
Direct’ databases were chosen as they have sufficient relevant literature in English from
2013 to the present, offering detailed insights into the challenges over the last ten years.

2.2 Conducting the Review

The study started by examining AR design challenges in (i) serious games and (ii)
gamification for red-green color blindness using specific search queries in each database.

Serious Games. Main search queries were created by using the following keyword
groups: (1) Augmented Reality (2) Serious Games (3) Red-Green Color Blindness,
Red-Green Color Blind, and Visual Impairment to examine the literature in selected
databases based on the formats and rules of selected databases, which are as follows:
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Scopus. The following string was used to make the search query in all fields, titles,
abstracts, and keywords: ALL(“augmented reality*” AND “serious games*” AND “de-
sign*” AND “red-green color blindness*” OR “visual impairment*”). During stage two,
a keyword (“design*”) was excluded since it presented vast literature on design only,
and to be more specific, we chose the engineering subject area, and the following query
was used to perform the next step in the SLR: (A)ALL(“augmented reality*” AND “se-
rious games*” AND “red-green color blindness*” OR “visual impairment*”) AND (
LIMIT-TO ( SUBJAREA,"ENGI”)).

Science Direct. The following string was used to make the search query in all fields,
titles, abstracts, and keywords: augmented realityANDserious gamesANDdesignAND
(red-green color blindness OR visual impairment). During stage two, a keyword (design)
was excluded since it presented vast literature on design only, and to be more specific,
we chose the engineering subject area, and the following query was used to perform the
next step in the SLR: (B) augmented reality AND serious games AND (red-green color
blindness OR visual impairment).

Gamification. Main search queries were created by using the following keyword
groups: (1) Augmented Reality (2) Gamification (3) Red-Green Color Blindness, Red-
Green Color Blind, andVisual Impairment to examine the literature in selected databases
based on the formats and rules of selected databases, which are as follows:

Scopus. The following string was used to make the search query in all fields, titles,
abstracts, and keywords: ALL(“augmented reality*” AND “gamification*” AND “de-
sign*” AND “red-green color blindness*” OR “visual impairment*”). During stage two,
a keyword (“design*”) was excluded since it presented vast literature on design only,
and to be more specific, we chose the engineering subject area, and the following query
was used to perform the next step in the SLR: (C)ALL(“augmented reality*” AND
“gamification*” AND “red-green color blindness*” OR “visual impairment*”) AND (
LIMIT-TO ( SUBJAREA,"ENGI”)).

Science Direct. The following string was used to make the search query in all fields,



450 S. Fatima and J. B. Hauge

titles, abstracts, and keywords: augmented reality AND gamification AND design AND
(red-green color blindness OR visual impairment). During stage two, a keyword (design)
was excluded since it presented vast literature on design only, and to be more specific,
we restricted our search to the engineering subject area, and the following query was
used to perform the next step in the SLR: (D)augmented reality AND serious games
AND (red-green color blindness OR visual impairment).

The final stage of the SLR is reporting and dissemination, presented in the next
section.

2.3 Reporting and Dissemination

In the last stage of the SLR, the results are reported and disseminated in two parts:

• AR in serious games, with separate results from the two databases: (1) The search
query (A) for ‘Scopus’ yielded “36” articles: “32” articles were excluded as they were
focused on different technologies and impairments. Only “4” relevant papers are pre-
sented in the next Sect. (2) The search query (B) for ‘Science Direct’ resulted in “40”
articles: “34” articles were excluded as they were focused on different technologies
and impairments. Only “6” relevant papers are presented in the next section.

• AR in gamification, with separate results from the two databases: (1) The ‘Scopus’
search query (C) yielded “20” articles: “14” were excluded as they were focused
on other domains. Only “6” relevant papers are presented in the next Sect. (2) The
‘Science Direct’ search query (D) produced “20” articles: “17” were excluded as they
were focused on different technologies and impairments. Only “3” relevant papers
are presented in the next section.

The final stage provided an overview of identified articles with critical discussions
and the next section presents findings, key contributions to research questions, and
identified gaps.

3 Findings and Discussion

This sectionpresents thefindings of theSLR. It highlights the keyoutcomes anddiscusses
the insights gathered from the existing literature on the topic.

3.1 AR in Serious Games

The section presents “10” identified papers from the respective databases (see Table 1).

ARDesign in Serious Games. AR in serious games enhances engaging learning expe-
riences through interactive content [9]. For visually impaired users, AR offers improved
accessibility features [28]. Challenges include a lack of user inclusion in design [30], high
costs, limited customization [10], and unstandardized haptic interaction [11]. Features
like screen reader support and voice sign-in exist [13], but may not cover all severe color
impairments. Visual interfaces and audio input cater to specific needs [31] [29], while
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Table 1. (List of Identified Papers).

# Authors and Contributions to the Research Question (Identified Papers) Ref.

1. Ullah, M., Amin, S. U., Munsif, M., Safaev, U., Khan, H. U., Khan, S., & Ullah, H:
Serious Games in Science Education. A Systematic Literature Review. (2022)

[9]

2. Zallio, M., Clarkson, P. J: A study on inclusion, diversity, equity, accessibility and
safety for digital immersive environments. (2022)

[28]

3. Al-Ansi, A. M., Jaboob, M., Garad, A., Al-Ansi, A: Analyzing augmented reality
(AR) and virtual reality (VR) recent development in Education. (2023)

[30]

4. Žilak, M., Car, Ž., Culjak, I: A Systematic Literature Review of Handheld
Augmented Reality Solutions for People with Disabilities. (2022)

[10]

5. Bhattacharya, P., Verma, A., Prasad, V. K., Tanwar, S., Bhushan, B., Florea, B. C.,
Taralunga, D. D., Alqahtani, F., Tolba, A: Game-O-meta: Trusted federated learning
scheme for P2P gaming metaverse beyond 5G networks. (2023)

[11]

6. Omary, D., Mehta, G: Mixed reality tailored to the visually-impaired. (2022) [13]

7. Pfeuffer, K., Abdrabou, Y., Esteves, A., Rivu, R., Abdelrahman, Y., Meitner, S.,
Saadi, A., Alt, F: Artention: A design space for gaze-adaptive user interfaces in
augmented reality. (2021)

[31]

8. Garcia, F. E., de Almeida Neris, V. P: Design guidelines for audio games. (2013) [33]

9. Lima, C. B., Walton, S., Owen, T: A critical outlook at Augmented Reality and its
adoption in education. (2022)

[29]

10. Herskovitz, J., Wu, J., White, S., Pavel, A., Reyes, G., Guo, A., Bigham, J.P.: Making
Mobile Augmented Reality Applications Accessible. (2020)

[12]

audio notifications improve interaction [33]. Designing inclusive options for various
impairments remains challenging [12].

AR in serious games has the potential to enhance learning experiences [9], but
achieving this requires overcoming challenges such as understanding the diverse needs
of users [31] and with AR addressing hardware limitations is crucial for achieving
inclusive design. One significant challenge is the limited involvement of impaired users
during design leads to neglect of their specific needs and requirements [30]. Addition-
ally, the currently limited customization options [10] such as color adjustment, and lack
of audio/sound support [33] in AR serious games make it difficult to adjust features for
such impairment. Efforts have been made to improve accessibility in AR environments,
but certain barriers still exist [28]. Haptic interaction, involving touch-based feedback,
presents challenges in terms of cost, and user comfort [11]. Despite progress in develop-
ing specialized screen readers and voice sign-in features that improve accessibility [13],
they may not fully address the range of severe color impairments. Addressing challenges
involves incorporating AR visual interfaces with audio feedback to cater to specific user
groups [29]. However, designing for multiple impairments with AR in serious games
requires careful consideration of diverse accessibility needs [12].

3.2 AR in Gamification

The section presents “9” identified papers from the respective databases (see Table 2).
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Table 2. (List of Identified Papers)

# Authors and Contribution to Research Question (Identified Papers) Ref.

1. Ponis, S. T., Plakas, G., Agalianos, K., Aretoulaki, E., Gayialis, S. P., Andrianopoulos,
A.:Augmented reality and gamification to increase productivity and job satisfaction in the
warehouse of the future. (2020)

[16]

2. Ulmer, J., Braun, S., Cheng, C.-T., Dowey, S., Wollert, J.: Adapting augmented reality
systems to the users’ needs using gamification and error solving methods. (2021)

[17]

3. Baneres, D., Rodriguez, M. E., Serra, M.: An early feedback prediction system for
learners at-risk within a first-year higher education course. (2019)

[14]

4. Athanasios, M., Paula, B: Gamification of an open access quiz with badges and progress
bars: An experimental study with scientists: (2020)

[32]

5. Mazarakis, A: Using gamification for technology enhanced learning: The case of
feedback mechanisms. (2015)

[36]

6. Mazarakis, A: Gamification reloaded. (2021) [34]

7. Sailer, M., Hense, J. U., Mayr, S. K., Mandl, H: How gamification motivates: An
experimental study of the effects of specific game design elements on psychological need
satisfaction. (2017)

[35]

8. Garzón, J., Pavón, J., Baldiris, S: Systematic Review and meta-analysis of augmented
reality in educational settings. (2019)

[37]

9. Garzón J.: An Overview of Twenty-Five Years of Augmented Reality in Education.
Multimodal Technologies and Interaction. (2021)

[20]

4 Conclusion

AR may enhance active learning in serious games and gamification, but challenges
like feedback difficulties, hardware limitations, and customization issues need attention.
Tailored visual interfaces, audio support, and effective feedback can improve inclusivity,
however; more research is required in this domain. Our research faced limitations due
to the scarcity of relevant literature and the focus on other impairments, leading to the
exclusion of a significant number of papers. Despite encountering certain limitations,
our research partially answered the research question as to some extent we gained an
understanding of identified challenges for AR in serious games and gamification in a
broader context; however, the research question is not fully answered. Future research
can focus on the comprehensive development of guidelines to explore the subject further.

Acknowledgments. This work is partly funded by, INCLUDEME (No. 621547-EPP-1-2020-1-
RO-EPPA3-IPI-SOC-IN) which is co-funded by the European Commission through the Erasmus+
program, and the work also acknowledges the project DigiLab4U (No.16DHB2113) by German
Federal Ministry of Education and Research (BMBF).

References

1. De Carvalho, C.V., Coelho, A.: Game-based learning, gamification in education and serious
games. Computers. 11(3), 36 (2022). https://doi.org/10.3390/computers11030036

https://doi.org/10.3390/computers11030036


Challenges in Designing Augmented Reality (AR) in Serious Games 453

2. Shen, C.W., Ho, J.T.: Technology-enhanced learning in higher education. (2020). https://doi.
org/10.1016/J.CHB.2019.106177

3. Becker, K.: What’s the difference between gamification, serious games, educational games,
and game-based learning? (2021). https://doi.org/10.20935/AL209

4. Laily, A.S., Ismail, A., Mohammad, K.H.: The effectiveness of gamification for students’
engagement in technical and vocational education and training (2022). https://doi.org/10.
14569/IJACSA.2022.0130920

5. Avila-Garzon, C., Bacca-Acosta, J., Kinshuk, Duarte, J., Betancourt, J: Augmented Reality
in Education (2021). https://doi.org/10.30935/cedtech/10865

6. Lampropoulos, G., Keramopoulos, E., Diamantaras, K., Evangelidis, G: Augmented Reality
and Gamification in Education (2022).https://doi.org/10.3390/app12136809

7. Putz-Egger, L.-M., Beil, D., Dopler, S., Diephuis, J: CombiningGamification andAugmented
Reality to Raise Interest in Logistics Careers. (2022). https://doi.org/10.3390/app12189066

8. Wei, L., Jin, L., Gong, R., Yang, Y., Zhang, X.: Design of Audio-Augmented-Reality-Based
O&M Orientation Training for Visually Impaired Children. (2022). https://doi.org/10.3390/
s22239487

9. Ullah, M., et al.: Serious Games in Science Education (2022). https://doi.org/10.1016/j.vrih.
2022.02.001

10. Žilak,M., Car, Ž., Culjak, I.: A Systematic Literature Review ofHandheldAugmentedReality
Solutions for People with Disabilities (2022). https://doi.org/10.3390/s22207719

11. Bhattacharya, P., et al.: Game-O-meta: trusted federated learning scheme for P2P gaming
metaverse beyond 5G networks (2023). https://doi.org/10.3390/s23094201

12. Herskovitz, J., et al.: Making Mobile Augmented Reality Applications Accessible (2020).
https://doi.org/10.1145/3373625.3417006

13. Omary, D., Mehta, G.: Mixed reality tailored to the visually-impaired (2022). https://doi.org/
10.1109/dcas53974.2022.9845506

14. Baneres, D., Rodriguez, M.E., Serra, M.: An early feedback prediction system for learners
at-risk within a first-year higher education course (2019). https://doi.org/10.1109/tlt.2019.
2912167

15. Fatima, S., Baalsrud Hauge, J., Basu, P., Baalsrud Hauge, J., Chowdhury, A., Schurig, A.:
Investigating Impact of Augmented Reality on Game Design to Facilitate Learning Expe-
riences in Logistics Operations Using Immersive AR Interfaces (2021). https://doi.org/10.
1007/978-3-030-89394-1_34

16. Ponis, S.T., Plakas,G.,Agalianos,K.,Aretoulaki, E., Gayialis, S.P., Andrianopoulos,A.:Aug-
mented reality and gamification to increase productivity and job satisfaction in the warehouse
of the future (2020). https://doi.org/10.1016/j.promfg.2020.10.226

17. Ulmer, J., Braun, S., Cheng, C.-T., Dowey, S.,Wollert, J.: Adapting augmented reality systems
to the users’ needs using gamification and error solving methods (2021). https://doi.org/10.
1016/j.procir.2021.11.024

18. What Do Color Blind People See? https://www.verywellhealth.com/what-do-color-blind-peo
ple-see-5092522. Accessed 09 May 2023

19. Why red green Colorblind individuals are more common? https://iristech.co/why-red-green-
colorblind-individuals-are-more-common/. Accessed 09 May 2023

20. Garzón, J.: An overview of twenty-five years of augmented reality in education. Multimodal
Technol. Interact. (2021). https://doi.org/10.3390/mti5070037

21. Nature Game. https://sarra-game.hfc.dev/. Accessed 21 Jan 2022
22. Facts About Color Blindness. https://www.nei.nih.gov/learn-about-eye-health/eye-condit

ions-and-diseases/color-blindness. Accessed 21 May 2023
23. Colour Vision Deficiency (color blindness). https://www.nhs.uk/conditions/colour-vision-def

iciency/. Accessed 21 May 2023

https://doi.org/10.1016/J.CHB.2019.106177
https://doi.org/10.20935/AL209
https://doi.org/10.14569/IJACSA.2022.0130920
https://doi.org/10.30935/cedtech/10865
https://doi.org/10.3390/app12136809
https://doi.org/10.3390/app12189066
https://doi.org/10.3390/s22239487
https://doi.org/10.1016/j.vrih.2022.02.001
https://doi.org/10.3390/s22207719
https://doi.org/10.3390/s23094201
https://doi.org/10.1145/3373625.3417006
https://doi.org/10.1109/dcas53974.2022.9845506
https://doi.org/10.1109/tlt.2019.2912167
https://doi.org/10.1007/978-3-030-89394-1_34
https://doi.org/10.1016/j.promfg.2020.10.226
https://doi.org/10.1016/j.procir.2021.11.024
https://www.verywellhealth.com/what-do-color-blind-people-see-5092522
https://iristech.co/why-red-green-colorblind-individuals-are-more-common/
https://doi.org/10.3390/mti5070037
https://sarra-game.hfc.dev/
https://www.nei.nih.gov/learn-about-eye-health/eye-conditions-and-diseases/color-blindness
https://www.nhs.uk/conditions/colour-vision-deficiency/


454 S. Fatima and J. B. Hauge
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