Kristian Kiili - Koskinen Antti -
Francesca de Rosa - Muhterem Dindar -
Michael Kickmeier-Rust - Francesco Bellotti (Eds.)

Games and
Learning Alliance

11th International Conference, GALA 2022
Tampere, Finland, November 30 - December 2, 2022
Proceedings

LNCS 1364/

O springer [ THIEI®)




Lecture Notes in Computer Science

Founding Editors
Gerhard Goos
Karlsruhe Institute of Technology, Karlsruhe, Germany

Juris Hartmanis
Cornell University, Ithaca, NY, USA

Editorial Board Members

Elisa Bertino
Purdue University, West Lafayette, IN, USA

Wen Gao
Peking University, Beijing, China
Bernhard Steffen
TU Dortmund University, Dortmund, Germany

Moti Yung
Columbia University, New York, NY, USA

13647


https://orcid.org/0000-0001-9619-1558
https://orcid.org/0000-0003-0848-0873

More information about this series at https://link.springer.com/bookseries/558


https://springerlink.bibliotecabuap.elogim.com/bookseries/558

Kristian Kiili - Koskinen Antti -
Francesca de Rosa - Muhterem Dindar -
Michael Kickmeier-Rust -

Francesco Bellotti (Eds.)

Games and
Learning Alliance

11th International Conference, GALA 2022
Tampere, Finland, November 30 — December 2, 2022
Proceedings

@ Springer



Editors

Kristian Kiili Koskinen Antti
Tampere University Tampere University
Tampere, Finland Tampere, Finland
Francesca de Rosa Muhterem Dindar
Center for Advanced Pathogen Threat Tampere University
Response and Simulation Tampere, Finland

Austin, Texas, USA

Francesco Bellotti
Michael Kickmeier-Rust University of Genova
Pidagogische Hochschule St.Gallen Genova, Italy
St. Gallen, Switzerland

ISSN 0302-9743 ISSN 1611-3349 (electronic)
Lecture Notes in Computer Science
ISBN 978-3-031-22123-1 ISBN 978-3-031-22124-8 (eBook)

https://doi.org/10.1007/978-3-031-22124-8

© The Editor(s) (if applicable) and The Author(s), under exclusive license

to Springer Nature Switzerland AG 2022, corrected publication 2023

Chapter “Motivation and Emotions in a Health Literacy Game: Insights from Co-occurrence Network
Analysis” is licensed under the terms of the Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/). For further details see license information in the chapter.

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of the
material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology now
known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

The publisher, the authors, and the editors are safe to assume that the advice and information in this book are
believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the editors
give a warranty, expressed or implied, with respect to the material contained herein or for any errors or
omissions that may have been made. The publisher remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland


https://orcid.org/0000-0002-4094-5274
https://orcid.org/0000-0002-7168-0125
https://orcid.org/0000-0003-0957-0037
https://orcid.org/0000-0002-9755-1057
https://orcid.org/0000-0003-2838-6892
https://orcid.org/0000-0003-4109-4675
https://doi.org/10.1007/978-3-031-22124-8
http://creativecommons.org/licenses/by/4.0/

Preface

This volume includes contributions from the Games and Learning Alliance (GALA)
conference, which is dedicated to the study, design, and development of serious games.
The eleventh edition of the GALA conference was held in Tampere, Finland, during
November 30 — December 2, 2022. This edition was organized by the Serious Games
Society (SGS) and Tampere University.

The rich three-day event provided an international discussion forum to advance
the theories, technologies, and knowledge that support the design, development, and
deployment of serious games. The conference attracted academic researchers and prac-
titioners from several countries. GALA 2022 received 61 paper submissions. Each paper
was single-blind reviewed by three Program Committee members. The accepted papers,
covering various aspects of serious game theories and applications, were presented in
nine paper sessions (27 full papers) and a poster session (nine short papers).

This book has been organized into five sections: Serious Games and Game Design;
Serious Games for Instruction; Serious Games for Digital Literacy and Numeracy; Novel
Approaches and Application Domains; Taxonomies and Evaluation Frameworks; and
Posters. The first section concerns the design and analysis of serious games (e.g.,
related to co-design approaches, learning analytics, flow experience, and affective
computing). The Serious Games for Instruction section includes papers that consider
the use of games in natural science, geology, and soft skills instruction. The Digital
Literacy and Numeracy section includes papers that focus on anti-phishing, adaptive
number knowledge, and math anxiety. The Novel Approaches and Application Domains
section concerns planning skills, virtual ship evacuation, reinforcement learning for
training vehicular agents, personal epistemology, pediatric speech therapy, and virtual
reality simulation views. The Taxonomies and Evaluation Frameworks section covers
both taxonomies and assessment of serious games and immersive learning systems.
Finally, the Posters section deals with various topics, ranging from flow experience
to massively multiplayer online role-playing games and from ontologies to teaching
computer programming.

We were delighted to have two prominent keynote speakers, Ulla Richardson
(University of Jyviskyld, Finland) and Roger Azevedo (University of Central Florida,
USA), with talks on, respectively, “On GraphoLearn, the digital evidence-based method
for supporting the development of reading skills in all learners” and “Accelerating Self-
regulated Learning in Game-based Virtual Learning Environments with Multimodal
Data”. The conference featured an exhibition and a game competition.

As in previous years, authors of selected best papers presented at the GALA confer-
ence will be invited to submit an extended version for a dedicated special issue of the
International Journal of Serious Games, the scientific journal managed by the Serious
Games Society, indexed by the Emerging Sources Citation Index (ESCI) in the Web of
Science Core Collection since 2015 and by Scopus since 2020.
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We thank the authors for submitting many interesting papers and the interna-
tional Program Committee for their careful and timely reviews. Finally, we gratefully
acknowledge the SGS and Tampere University for organizing the conference.
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Koskinen Antti

Francesca de Rosa

Muhterem Dindar

Michael Kickmeier-Rust

Francesco Bellotti
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Turtle Heroes: Designing a Serious Game
for a VR Interactive Tunnel

1(X) 3

, Elina Roinioti?, Marios Dejonai?,
3

Anastasios Theodoropoulos
Yannis Aggelakos®, and George Lepouras

1 Department of Performing and Digital Arts, University of Peloponnese, Nafplio, Greece
ttheodor@uop.gr
2 Panteion University of Social and Political Studies, Athens, Greece
3 HCI-VR Laboratory, University of Peloponnese, Tripoli, Greece
https://hci-vr.dit.uop.gr/

Abstract. Immersive playful activities are regarded to be a promising way for
increasing children’s understanding of significant issues. This paper proposes
an immersive interactive tunnel environment, for which we developed a serious
game to raise awareness on children and young adults on environmental issues
and endangered species, and specifically, about Caretta caretta. The paper first
describes the design and implementation of the CAVE-tunnel system; then, it dis-
cusses the design and development of the serious game “Turtle Heroes”. This is
a work in progress while more games are in the design process for this VR inter-
active tunnel setup. Possible uses, opportunities and future works-games in this
environment are also discussed.

Keywords: Environmental VR - Immersive game - Interactive tunnel -
Children - Game-design

1 Introduction

Virtual Reality (VR) technology generates simulated environments, that enable users to
immerse themselves in a motivating way [1]. Especially VR games are rapidly growing
and becoming part of public-space entertainments (e.g., game displays and VR entertain-
ment parks) [2]. Sharing VR experiences with others is more enjoyable [3] and seems to
influence social attitudes significantly more than non-immersive interventions [2]. As a
result, in the era of public-space entertainment, the ability to share experiences like VR
with viewers is very important [4].

In this paper we present a custom-made immersive interactive tunnel and a shooter
serious game made specifically for this installation. The game is called “Turtle Heroes:
T wote Tig xehwveg” and it is part of a R&D project in the areas of culture and education
in which immersive technologies are introduced as part of the public-space entertain-
ment. The “Turtle Heroes” game is the first to developed, aiming to raise awareness on
environmental issues and affect children’s and young adults’ attitudes with respect to sea
turtles. The game follows the long tradition of immersive technologies and interactive
learning environments that aim to help students improve their skills and knowledge, by
providing learning experiences in a fun, attractive and effective way [5, 6].

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
K. Kiili et al. (Eds.): GALA 2022, LNCS 13647, pp. 3-10, 2022.
https://doi.org/10.1007/978-3-031-22124-8_1
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2 Related Work - Skeleton Tracking for Games Beyond
Entertainment

Over the last years, full-body interactive games have been developed, where players use
their bodies when playing [7], a feature that provides a fun and playful user experience,
suitable for serious purposes [8]. Skeleton tracking is based on body movements, ges-
tures and positions [7]. Generally, the 3D body movement features are extracted from
joint-oriented skeleton tracking and a common method is by using the information pro-
vided by 3D depth sensor cameras [9]. While the user stands in front of a depth camera,
the location and direction of joints are tracked and body joints are mapped, as shown in
Fig. 1. Regarding serious games skeleton tracking can provide beneficial findings like in
[9] where authors used a gesture recognition system through a game to prevent dementia.
Game contents were designed to practice spatial recognition and users’ movements were
analyzed to measure how their recognition skills improved. Likewise, Avola et al. [10]
designed an interactive virtual environment with a body modeling rehabilitation frame-
work for patients to play with stimulating rehabilitation exercises. The feedback received
from users who used the system, pointed out remarkable results in terms of motivation,
usability, and customization and the authors considered this system a concrete solution
in terms of versatility, immersivity, and novelty.

. > TN 7N
° / ° /
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[ [}
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Fig. 1. 3D joint recognition process from [9].

3 Design of the VR Interactive Tunnel

The interactive tunnel consists of 15 monitors (55 in.) and one projection screen. As
shown in Fig. 2, the system adopts a daisy chain monitor connection (borderless design
with 0.9 mm bezel), with DisplayPort cables and pull-out mount for quick installation
and maintenance. This installation is attached on custom video wall mounts (aluminum
truss structure). The side monitors (3 screens on each edge) can easily be adopted to either
120- or 90-degrees placement. The high brightness and resolution projector (located at
the top middle of the truss structure) displays special effects and multimedia content
onto a specific floor surface (made by a special reflective material of high strength and
reflectivity). The system is controlled/driven by a computer with two CPUs Intel Xeon
Gold 6230 2.1 GHz-3.9 GHz, with 256 GB RAM installed, storage of 1 TB SSD and
8 TB HD disks and 4 graphics cards by 24 GB each (NVIDIA PNY Quadro RTX A5000).
There is also an NVIDIA Quadro Sync II card that synchronizes the GPUs, enabling
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the 15 synchronized displays to stand in a single chassis. The visualization uses the
Mosaic technology, which allows to configure a multi-display setup. There are also
two tracking cameras (TVico) for gesture recognition that measure positional tracking,
spatial mapping, object detection and body tracking (19 joints).

& >
>

tracking camera

1505"" floor projection t

w—  LIUSS Structure

Fig. 2. The VR interactive tunnel setup.

Finally, when designing this VR interactive tunnel system, we considered the struc-
tured framework by Bowman et al. [11] for conducting user testing to evaluate virtual
environments. This includes the combination of user needs analysis, user task scenarios,
usability evaluation, and formative evaluation, prior to a summative evaluation.

4 The Game

In the following, we present the Turtle Heroes game and specifically, the game concept,
its educational goals, the core mechanics and finally, opportunities that rise from this
gaming-installation.

Background — Educational Goal

The Caretta caretta or Loggerhead Sea turtle, is considered a species of great ecological
importance, facing several threats, among which are human activities that destroy their
nesting habitat. The Caretta caretta turtles, have a key role in stability of marine ecosys-
tems, as they hold a high position in marine food grids and mainly through hunting,
hold the populations of other organisms under control [12]. Commonly found in the
Mediterranean Sea, with Greece hosting more than 60% of the Mediterranean popula-
tion officially protected by the 1992 Habitats Directive, their status as an endangered
species remains unchanged to this day’.

I WwF Greece, the threats Caretta caretta turtles face in Greece, online at https://www.wwf.
gr/en/our_work/nature/marine/endangered_species/caretta_caretta_turtle/, last accessed 15t
September 2022.
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In the game “Turtle Heroes”, the goal is a) to inform the young public about the sea
turtle spawning beaches within the Peloponnese area. In contrast to other regions like
Zakynthos, the Peloponnese region and specifically the Gulf of Kyparissia or the Mani
Peninsula, are rarely associated with nesting areas, b) to shed light on a bitter truth, that
the loss or degradation of Caretta’s nesting habitat results from direct human activity
and consequently, c) to raise awareness on harmful practices like coastal development
and management and light pollution.

General Description - Architecture

Turtle Heroes is a co-op serious shooter game designed for children aged 10 years and
above and young adults. Even though shooter games, are not usually used in serious game
design, it is a genre with many design opportunities and metaphorical correspondences
that can create meaningful educational associations [13]. The fact that it is among the
most popular game genres, adds further potential to our purpose.

Table 1. Metaphorical correspondences in “Turtle Heroes”.

FPS games Turtle Heroes game

Enemies Human-like zombies

Dynamic combat Different enemies have different damage amount
Boosters Co-op boosters to help players’ collaboration
Boss fight Boss fight (light pollution)

In “Turtle Heroes” players take on the role of a volunteer-rescuer and protector of
the sea turtles and their goal is to help newborn turtles to reach the sea. Just like in a
typical, mainstream shooter game, the players must face different kind of enemies and of
course, to win the boss fight. The main enemies are humans and specifically, annoying
bathers. To highlight different kind of human activities that can lead to nest destruction,
we designed funny bather archetypes: the Sports Lover, the Gluttonous Beachgoer, The
Mommy Person etc. Our enemies are illustrated as brainless zombies (Fig. 3) due to
their reckless behavior (Table 1).

Using comedy or satirical elements in games, is not new to game design or game
studies in general. Radical and political games, often used for propaganda purposes,
rely on grotesque figures and situational comedy to engage people and at the same time,
stimulate reflection in different kinds of contexts. At the same time and as Nele Van
de Mosselaer (2022) mentions, “gameplay has an inherent aptitude for self-directed
laughter” (p. 41) [14]. From a first point of view and through immersion, games can
be conceived as a “serious” activity, while from a third point of view, as the human-
player controls the avatar, games can be understood as pixelized environments full of
audiovisual stimuli that possibly can make us laugh. But what about learning through
comedy? The relationship between humor and learning has been thorough researched
over the years, emphasizing on the psychological effects of humor in-class [15], on
students’ content retention [16], on the creation of a positive learning environment [17]
etc. Through the design of the “Turtle Heroes” game, we aspire to further investigate
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whether humorous serious shooter games may help in raising awareness on an important
environmental and societal issues, like the extinction of Caretta caretta.

Last but not least, the game is in third person, which practically means that each
player has an avatar in the virtual world, through which he/she can act and pursue a
task (Fig. 4). To play the game in the interactive tunnel, the players stand in front of the
tunnel and use their hands as input (cursor), based on a skeleton tracking system. The
hand-tracking system is based on two depth sensor cameras that can reliably fit a hand
mesh to the reconstructed joints [18].

Fig. 3. A zombie enemy.

Gameplay - Mechanics

Following the MDA framework [19], we first specified our educational goals, worked
towards the individual mechanics that could capture these goals, then we developed
dynamic systems and finally, built our way towards a meaningful aesthetic experience
(Table 2).

When the game starts, a map of the Peloponnese appears, and players are asked
to choose the spawning beach of their choice and play a short tutorial to get familiar
with game’s interface and interactivity. The gameplay consists of two phases. In the first
one, zombie-enemies fall from the sky and head towards a turtles’ nest. The goal is to
throw seashells to repel the zombie-enemies. If the player fails to hit an enemy, then
that enemy will walk to the nest damaging the eggs. Players have a specific amount of
energy available to them during this phase, which will diminish over time, unless they
keep hitting enemies with the seashells. An energy bar displays the energy levels, while
a heartbeat warns the players that their energy has reached critically low levels. When a
player runs out of energy, he/she/them can receive an energy boost from the other player.

P4 Turtles Still In Egg: 5

Fig. 4. Screenshots from the game.
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The second phase starts at night, and players must now face an unidentified object
that throws light on the beach, disturbing egg hatching, making the little turtles to lose
their way to the sea. The players now, must keep on “shooting” seashells towards it and
force it to turn off the headlights. The game becomes even more challenging in co-op
mode: on the one hand, the enemy spawn rate is increased, which makes it difficult for
players to achieve their goal, but on the other hand, they can activate power ups that will
make them very efficient, motivating them at the same time, to cooperate and defeat the
boss. At the end of the game, players can see their score representing all the baby turtles
they rescued.

Table 2. MDA in Turtle Heroes game.

Basic mechanics Dynamics Aesthetics
Aim & throw Attack Action
Aim at power ups Gift Power Up = send energy | Collaboration

to the other player

Both players aiming at a
specific point in the UI, at the
same time

Activate Power ups to defeat
the boss/Available once

Collaboration/strategy/Rarity

Energy bar Loose ability to fight/ask for | Motivation/communication
an energy boost among players
Throw at the light Attack/Lights go off Action

Challenges and Opportunities

Designing and developing a game for an interactive tunnel for public use, is a very
challenging task. Several parameters had to be considered especially about the skeleton
tracking (moving the arm forward to throw) and UX cursor improvements like the
throwing/attacking action system.

In-game representations of the bathers as enemies were also an important point of
discussion, especially about our target population. Using the parody technique of satire
[20], we wanted to highlight abusive behaviors and not specific people, providing a
fun way for children and young adults to identify these harmful practices and hopefully,
avoid them in the future. In-game collaboration was another interesting design parameter.
The key question here was, how can we enhance collaboration between players during
a game session. To this end, we added a mechanic in which players could help each
other when their energy drops significantly. We anticipate that this feature will promote
verbal communication between players and at the same time, promote team spirit. Using
an immersive interactive tunnel as a game-setup, can produce a sharable and attractive
experience for both players and for bystanders, and at the same time, provide an important
research opportunity for us to evaluate our design choices, technical affordances, and
restraints.

Playtesting and further research are needed in order to evaluate a) our game mechan-
ics, b) our educational goals and c) the social technological synergy that takes place
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during gameplay inside an interactive tunnel. How players interact with the system,
how skeleton tracking increase immersion and promotes meaningful play, what kind of
collaboration can be fostered between players and finally, if and under what conditions
players decode our messages, are questions that we are going to investigate during the
next phase.

5 Summary and Future Work

This paper presents a serious game design project developed for an interactive tun-
nel, aiming to influence the attitudes of children and young adults towards endangered
species. Our preliminary research indicates that virtual environments with immersive
games have the potential to raise awareness on children and young adults. Immersive
gaming technologies in public spaces have the potential to revolutionize learning and can
be used to help children leave the venue with an understanding of what the organizers
wished to communicate. “Turtle Heroes” is a humorous serious shooter game that aims
to raise awareness among children on a very specific environmental and societal issue,
the role of human behavior on the loss of Caretta’s nesting habitat. Using a popular game
genre, that of shooters, and humorous content, our goal is to reveal specific behavioral
damaging patterns and initiate an open dialogue with the broader audience. In order to
achieve our goals and as a next step, we aim to test Turtle Heroes with students and
measure players’ performance and experience. Post-session discussions and interviews
with players will also help us evaluate our educational and design choices.

Acknowledgment. This research has been funded within the framework of the operational
program “Peloponnese 2014-2020", (project code: 80578).
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Abstract. This study uses log-file data to investigates how chemical process
plant employees interact and engage with two distinct learning analytics dash-
board designs, which are implemented in a virtual reality simulation-based train-
ing environment. The learning analytics dashboard designs differ by reference
frame: the progress reference frame, offers historical performance data as a point
of comparison and the social reference frame offers aggregated average peer group
performance data as a point of comparison. Results show that participants who
receive a progress reference frame are likely to spend less time reviewing their
dashboard than those who receive a social reference. However, those who receive
a progress reference frame are more likely to spend more time reviewing detailed
task feedback and engaging with the learning analytics dashboard.

Keywords: Learning analytics dashboard - Social comparison - Virtual reality
simulation-based training

1 Introduction

Virtual reality (VR) training environments are becoming popular tools for training
employees because they offer advantages over other forms of training [1]. For exam-
ple, these environments can be designed to take advantage of log-file data, which can
be used with learning analytics tools such as learning analytics dashboards (LAD) [2].
While learning analytics refers to the collection and analysis of data to optimize learning
[3], LADs aggregate data collected during the learning analytics process and displays
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it within one or multiple visualizations to help stakeholders make sense of the learning
analytics data [4]. LADs are often designed to provide feedback on task performance
to learner stakeholders [5]. Instructional designers can help these learners make sense
of their feedback by including reference frames, which contextualize a learner’s perfor-
mance against a particular point of comparison [6]. Two types of reference frames are
the progress and social reference frame [7]. The progress reference frame uses histor-
ical performance data as a point of comparison, while the social reference frame uses
aggregated peer performance data as a point of comparison.

In this paper, we explore how workplace learners interact with feedback presented by
two LADs, one designed with a progress reference frame and one with a social reference
frame.

1.1 Potential Implications of Learning Analytics Dashboard Design

When designing workplace LADs for feedback, instructional designers must consider
how they can help employees make sense of their feedback. One approach is to include
learning analytics reference frames, which are comparison points learners can use to
orient when examining their learning analytics [8]. When presented with a progress
reference frame, learners are stimulated to engage in temporal comparisons, which take
place when one compares their own performance at different points in time [9, 10].
Temporal comparisons can highlight progress over time and help learners determine
if they have been improving. Therefore, it is feasible that temporal comparisons may
influence learner interaction with LADs. For example, if given the opportunity, learners
may wish to review detailed task feedback because they want to find out what they
can to do to improve [10], which is representative of a mastery goal orientation [11].
When presented with a social reference frame, learners are stimulated to engage in
social comparison, which takes place when one compares their own performance with
that of their peers and do so to gauge how effective they are at particular tasks [12]. It is
foreseeable that social comparison may influence learner interactions with LADs because
it may impact their motivation [7, 13] and encourage them to focus on performing better
than their peers instead of self-improvement, which is representative of a performance
goal orientation [11].

2 Context of the Study

This study investigates two LAD designs implemented into a VR simulation-based train-
ing environment for employees of the chemical process industry. The LADs differ in
design by reference frame. The Progress LAD incorporates a progress reference frame
and the Social LAD incorporates a social reference frame. Both LAD designs include
two buttons which can be selected. The ‘detailed task feedback’ button takes learners
to a secondary screen which provides detailed task feedback on their task performance.
The ‘How is this calculated?’ button triggers an indicator to be displayed which explains
how the task score is calculated. The detailed task feedback screen and How is this
calculated? indicator do not differ between the Progress and Social LAD.
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3 Study Overview

To better understand how the progress and social reference frames influence LAD inter-
action, we designed a two-group experimental study in which participants completed
a simulation based-based training task in VR and receive feedback via the Progress or
Social LAD.

We operationalize LAD interaction by examining log-file data from participant inter-
action with their assigned LAD. First, we examined the time participants spent reviewing
either the Progress or Social LAD. Next, we examined the time participants spent review-
ing the detailed task feedback screen. Finally, we examined the frequency with which
participants engaged with the LAD as measured by the number of times the detailed task
feedback and How is this calculated? button were selected.

3.1 Research Questions and Informative Hypotheses

We propose three research questions, each with three competing hypotheses to address
the overarching research question: How do reference frames influence LAD interaction?

RQ1: Are there between group differences in total time spent reviewing LADs with a
reference frame?

H1.1 The mean time participants spend reviewing the Progress LAD will be greater
than the mean time participants spend reviewing the Social LAD.

H1.2 The mean time participants spend reviewing the Progress LAD will be less
than the mean time participants spend reviewing the Social LAD.

H1.3 The mean time participants spend reviewing the Progress LAD will be equal
to the mean time participants spend reviewing the Social LAD.
RQ2: Are there between group differences in total time spent reviewing detailed task
feedback?

H2.1: The Progress LAD group mean time spent reviewing the detailed task feedback
screen will be greater than the Social LAD group.

H2.2: The Progress LAD group mean time spent reviewing the detailed task feedback
screen will be less than the Social LAD group.

H2.3: The Progress LAD group mean time spent reviewing the detailed task feedback
screen will be equal to the Social LAD group.
RQ3: Are there between group differences in engagement with LADs?

H3.1: The Progress LAD group mean LAD engagement frequency will be greater
than the Social LAD group.

H3.2: The Progress LAD group mean LAD engagement frequency will be less than
the Social LAD group.

H3.3: The Progress LAD group mean LAD engagement frequency will be equal to
the Social LAD group.
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4 Materials and Method

4.1 Participants

Study participants (N = 38) were chemical process plant employees located in Germany
aged between 18 and 55 years. Participation was voluntary and all provided informed
consent. Participants could exit the study at any time without consequence. The partici-
pants’ working language was German and a German language version of the prototype
was used.

4.2 Experimental Design

The study was a between two-group design in which the effect of LADs designed with
a progress reference frame were tested against the effect of LADs designed with a
social reference frame on three dependent variables associated with LAD interaction:
time spent reviewing LAD with a reference frame, time spent reviewing detailed task
feedback screen, engagement frequency with LAD. Participants were randomly assigned
to the progress reference frame group (n = 20) and the social reference frame group (n
= 18).

4.3 Description of VR Simulation-Based Training Prototype

The ‘Operate your own reactor’ VR training simulator runs on the Oculus Quest

with Touch controllers. The training simulator was designed to train employees in the

Butyllithium manufacturing process with commercial chemical reactor equipment.
The Butyllithium chemical production procedure consists of four steps.

4.4 The Learning Analytics System and Features of the Learning Analytics
Dashboards

The learning analytics system automatically collects, and analyses log-file data linked to
performance criteria including correct and incorrect actions, number of hints requested
and the amount of time elapsed to complete each step. Depending on these variables,
the learners receive a score out of five represented by stars (See Fig. 1 and 2).

Screenshots of the Progress LAD (Fig. 1) and Social LAD (Fig. 2) can be found
below. The elements of the dashboard (Fig. 1) are described here in English: (1) name
of the step which has just been completed, (2) message congratulating the participant
on completing the step, (3) performance feedback summary, (4) How is this calculated?
button, (5) detailed task feedback button and (6) Next button.
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Fig. 1. Progress reference frame after step 3. Learners can compare how they performed on step
3 (Stufe 3) with previous steps (Stufe 0, Stufe 1, Stufe 2).

Fig. 2. Social LAD after step 3. Learners can compare how they performed on step 3 (Stufe 3)
with the average score of their peers on step 3.

The performance feedback summary feature (3) is a means of communicating how
well the learner performed a particular task. Stars are used to represent the learner’s level
of performance. The greater number of stars awarded, the better the performance.

‘When selected, the detailed task feedback button shows which sub-tasks were cor-
rectly or incorrectly performed (Fig. 3) and the ‘How is this calculated?’ (Fig. 4) button
displays the formula used for calculating the performance outcome indicated by stars
(i.e., 92-100% awards 5 stars).
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Stufe-Ubersicht
(D stute 3.1 Uberprfen Sie das Ende der Reakion
(D stute 3.2 Termperatur kontrolieren | HKT-Kreis
/\ stufe 33 1BC3 Produkt
(D stte 3.4 Pumpe und Fiter
D stfe 35 Luttgruck fur Pumpe

Fig. 3. Display of the detailed task feedback dashboard which indicates performance on sub-tasks.

Herzlichen Gliickwunsch, Sie haben den letzten Stufe
abgeschlossen

Das Punktesystem
P - Rerllel g basiert auf d;: e
suure 0. Fe A A Fete nd dor Zalt, dio o
swre 1. Fe A A A S
swre 2. e A 92-100%-- 5 Sterne

sture 5. FEFTHCF Y o)
h—| m o j 50-66% ----- 2 Sterne

0-49% --------1 Sterne

Fig. 4. Dashboard when the ‘How is this calculated?’ button is selected.

4.5 The Progress and Social Reference Frame

Figure 2 is a screenshot of the Progress LAD after completing step 3. This dashboard
incorporates a progress reference frame because the learner’s most recent performance
outcome (step 3) is compared with their previous performances (step 0 — step 2).

Figure 3 is a screenshot of the Social LAD after completing step 3. This dashboard
incorporates a social reference frame because the learner’s most recent performance
outcome (step 3) is compared with the average of their peers.

4.6 Timing of the Learning Analytics Dashboards

The LADs are presented after each step of the task, therefore, four LADs with reference
frames are presented to the learner by the time they have completed the task. The detailed
task feedback screens will only appear when the detailed task feedback button is selected.
The calculation indicator appears as an additional visualization atop the Progress and
Social LADs only when the How is this calculated? button is selected.
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4.7 Procedure

Those participants who agreed to take part in the research were invited to a training room
on their worksite which was equipped with the VR simulation-based training environ-
ment. Upon arrival, participants were asked to complete a series of questionnaires for
another research project. Next, they were shown how to use the Oculus Touch controllers
to navigate and interact with the virtual environment. Then, they were asked to follow
an interactive tutorial within the virtual environment. Once the tutorial was complete,
the participants were instructed to begin the simulation-based training.

Participants completed the simulation-based training task with either the Progress
LAD or Social LAD. They were not aware there were two different LAD designs.

Upon completion of the training, which typically lasted between 45 and 60 min,
participants completed additional surveys which were used for other research, they then
returned to their regular work tasks.

4.8 Data Analysis and Statistical Models

Bayesian informative hypothesis evaluation was used to analyze the data. We formulated
three competing hypotheses for each research question which used terms of equality (=)
and inequality (<, >) [14]. One advantage to this approach over classical null hypothesis
testing with p values is that it enables us to compare multiple hypothesis [15].

We compare the dependent variables means of the Progress LAD group with the
dependent variable means of the Social LAD. The three dependent variables were asso-
ciated with LAD interaction: time spent reviewing LAD with a reference frame, time
spent reviewing detailed task feedback screen, engagement frequency with LAD as mea-
sured by the frequency with which the detailed task feedback button and How is this
calculated? button was selected. To do this we conducted three ANOVAs with the LAD
groups set as the fixed factors. We will do a sensitivity analysis using fraction 1, 2 and 3
and will report each result (the posterior model probabilities (PMPs) and interpret them
at once.

Hypotheses for evaluation for each RQ are:

RQ1: H1: Progress > Social, H2: Progress < Social, H3: Progress = Social.
RQ2: H1: Progress > Social, H2: Progress < Social, H3: Progress = Social.
RQ3: HI: Progress > Social, H2: Progress < Social, H3: Progress = Social.

The Bayesian error associated with preferring the best hypothesis in terms of PMPs
will be reported. This is the sum of the PMPs of the other hypotheses.

5 Results

In this study we set out to examine evidence in support of three competing hypotheses
for each research question. Firstly, we present descriptive statistics in Table 1. Then,
Table 2, Table 3, and Table 4 report the PMPs which provide an indication of how much
each hypothesis is supported for RQ1, RQ2 and RQ3 respectively. The higher the PMP,
the more evidence there is that that hypothesis is correct.
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Table 1. Descriptive statistics for interaction with LAD

Seconds reviewing LADs | Seconds reviewing LAD engagement

with reference frame specific task feedback frequency

Progress Social Progress Social Progress Social
Mean 26.7 35.2 22 0.3 1.1 0.3
StdD 9.5 17.2 1.2 1.2 1.5 0.6
Min 14 9 0 0 0 0
Max 54 64 15 5 6 2

Table 2. Bain ANOVA RQI Time spent reviewing LAD with Reference frame

PMP a* PMP a** PMP a***
H1: Progress > Social 0.018 0.020 0.021
H2: Progress < Social 0.659 0.728 0.753
H3: Progress = Social 0.323 0.252 0.216

Note. * denotes Fraction set to 1, ** denotes Fraction set to 2, *** denotes Fraction set to 3.
Posterior model probabilities (PMP) (a: excludes the unconstrained hypothesis) is based on equal
prior model probabilities.

Table 3. Bain ANOVA RQ2 Time spent reviewing detailed task feedback

PMP a* PMP a** PMP a***
HI: Progress > Social 0.705 0.768 0.799
H2: Progress < Social 0.015 0.016 0.017
H3: Progress = Social 0.280 0.216 0.184

Note. * denotes Fraction set to 1, ** denotes Fraction set to 2, *** denotes Fraction set to 3.
Posterior model probabilities (PMP) (a: excludes the unconstrained hypothesis) is based on equal
prior model probabilities.

Table 4. Bain ANOVA RQ3 LAD engagement

PMP a* PMP a** PMP a***
H1: Progress > Social 0.659 0.728 0.763
H2: Progress < Social 0.018 0.020 0.021
H3: Progress = Social 0.323 0.252 0.216

Note. * denotes Fraction set to 1, ** denotes Fraction set to 2, *** denotes Fraction set to 3.
Posterior model probabilities (PMP) (a: excludes the unconstrained hypothesis) is based on equal
prior model probabilities.
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As we can see in Table 2, the hypothesis which states that less time is spent reviewing
the Progress LAD is most supported (H2) and the hypothesis stating more time is spent
reviewing the Progress LAD (H1) is substantially unsupported. Therefore, it is most
likely that learners with a Progress LAD spend less time reviewing their LAD than those
with a Social LAD. However, due to the error probability, (0.341, 0.272, 0.247), we
cannot rule out that the two LAD groups spend an equal amount of time reviewing their
LADs (H3).

As we can see in Table 3, the hypothesis that states that the Progress LAD group
spends more time reviewing the detailed task feedback screen than the Social LAD
group is most supported (H1). The hypothesis stating that the Progress LAD group
spends less time reviewing the detailed task feedback screen than the Social LAD group
is substantially unsupported (H2). Therefore, it is most likely that the Progress LAD
leads to more time being spent reviewing detailed task feedback. However, due to the
error probability for H1, (0.295, 0.232, 0.201), we cannot rule out the hypothesis which
states that two groups spend an equal amount of time reviewing detailed task feedback
(H3).

As we can see in Table 4, the hypothesis that states the Progress LAD group engages
more with the LAD than the Social LAD group is most supported (H1). The hypothesis
that states the Progress LAD group engages less with the LAD than the Social LAD
group is substantially unsupported (H2). Therefore, it is most likely that the Progress
LAD leads to more engagement with the LAD. However, due to the error probability for
HI, (0.341, 0.272, 0.237), we cannot rule out the hypothesis which states that the two
groups engage equally with the LAD.

6 Discussion

The results in RQ1 indicate that learners receiving LADs with a progress reference frame
spend less time reviewing their LADs compared with those receiving a social reference
frame. This suggests that the time it takes for learners to decide to move to the next step
in their learning process is at least partly influenced by temporal comparison. The results
from RQ2 and RQ3 provide an indication on what these learners do next. RQ2 results
show that the group who are engaging in temporal comparison via the progress reference
frame were more likely to spend more time reviewing the detailed task feedback screen.
This suggests that temporal comparisons may stimulate learners to consider how they
can improve and therefore, seek out information to aid self-improvement via the detailed
task feedback screen. This aligns with a mastery goal orientation because it concerns
learners wanting a deeper understanding of their task performance [16]. On the other
hand, the social reference frame, and its stimulation of social comparison, may encourage
surface level learning, a feature of a performance goal orientation, which may in part
explain why the detailed task feedback LAD was reviewed for a shorter amount of time
in this group. The proposition the group receiving the progress reference frame seem
more likely to adopt mastery goal orientation behaviors and the social reference frame
to adopt performance goal orientation behaviors is further supported by RQ3 which
indicates that the progress reference frame group likely engaged more with the LAD
than the social reference frame group.
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7 Conclusion

This paper presents the empirical results of a study which examined how workplace
learners interacted with two distinct LADs for a VR simulation-based training environ-
ment. The study compared two groups, one which received an LAD with a progress
reference frame and one which received an LAD with a social reference frame. The
results are an early indication that learners may be more likely to interact with aspects
of LADs that help them gain a deeper understanding of a task, if they are designed with
a progress reference frame compared with a social reference frame.
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Abstract. This paper presents the results of the co-design of a learning game in a
museum context. This game deals with the topic of the food system and considers
how this concept is integrated with the Swiss school curriculum which consti-
tuted the starting point of the game design. Based on the ludicization theoretical
framework, we question how learning objectives were articulated with the game
elements and the choices made to design a playful learning situation. Our work is
grounded on a design-based research methodology. In this context, we describe
the initial phase of co-design, which involved co-design activities, research of edu-
cational content, and iterative prototyping. This empirical work led to the game
AL2049, which aims to bring secondary school students (12—15 years old) to
understand interrelationships in food systems and, in so doing, to face complex
problem solving. Results comprise the game and the choices made in regard to
the ludicization model.

Keywords: Game design - Gamification - Ludicization - Museum - Food system

1 Introduction

Students’ motivation and involvement is seen as critical for the learning process. Within
this context, game-based learning is considered to offer interesting perspectives to cap-
ture students’ attention. Although the impacts of the use of digital games on motivation
and attitudes have been demonstrated [1], there are still many issues to address for
their use within learning contexts. Regarding what means game-based learning, learn-
ing game design is not limited to adding game mechanics to create a game (gamification),
but consists of designing a reflexive space in which a student can interact and of chang-
ing the meaning of the learning situation so that it becomes playful [2]. This process,
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named ludicization, provides an epistemic dimension to playing which enables students
to develop the knowledge that is expected by teachers.

This paper elaborates on the design of AL2049, a game dedicated to the ludicization
of school visits in a Swiss museum, the Alimentarium. The aim of this museum is to
educate visitors about food and nutrition. Regarding this specific context, i.e., the use of
a game during a museum school visit and the complexity of the food system, we question
the legitimacy and the process dedicated to the ludicization of the knowledge to be learnt.
After describing the concept of food system and its place in the Swiss school curriculum,
we present the results of the game design process and discuss the choices that were made
in relation to the model of ludicization presented in the theoretical framework.

2 Research Context

2.1 Food System

Here, we briefly describe the concept of food system and its importance when facing
challenges of the 21st century. Then, we highlight its use in a museum context. Our
objective is not to address the construction and uses of food system per se, but rather to
show an example of a way to popularize this concept to a large audience.

Food systems comprise a large number of components [3—5] varying in their nature,
such as: type of raw material produced; land type and surface requirements; water sup-
ply; energy sources; transportation device and infrastructure; transformation systems and
infrastructures; distribution systems and infrastructures; information; legal constraints
and regulations; consumers’ purchasing power and willingness to pay; workforce avail-
ability; technological inputs and agricultural practices; and so on... In addition, numer-
ous relationships between these components can be established. Animal husbandry will
require vegetal material, some of which may be edible for humans. Crop farming opti-
mization requires fertilizer, either from byproducts of animal husbandry or from fossil
fuel. Surface of land used will vary depending on type of production, technological
inputs, and agricultural practices. Workforce availability will depend on work attractive-
ness and socio-economic parameters. The energy used within the food system cannot be
used for other purposes. Usage of fossil fuel, husbandry of ruminants, some crops grow-
ing practices contribute to climate change, whose effects impact in turn food production.
The type of agriculture and agricultural practices may impact the quality of soils and the
productivity of the system. The well-being of the population and purchasing power will
be affected by the socio-economic environment, which requires resources and land that
can be competing with the requirements of the food system.

This topic is a major issue of the 21st century. Despite the growth in food pro-
duction during the past half-century, societies are facing the challenge of feeding their
populations with new constraints [6]. The global demand for food will likely increase
in the next decades because of current population and consumption growth. At the
same time, there are additional pressures affecting our ability to produce food, such as
an increased competition among food producers for resources. Overarching these con-
straints are the impacts of environmental issues, including climate change [7]. This new
set of intersecting challenges requires societies to find new alternatives.
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The Alimentarium, a museum of food and nutrition, is seeking innovative approaches
to educate visitors about this topic and to reflect on the future challenges of the food
system. The museum addresses the topic of food systems in various ways through its
permanent and temporary exhibitions or via accessible online content, providing visi-
tors with a set of information comprehensive enough to get an understanding of their
complexity, and interrelations within. However, this curated content must be taken as
a whole, requiring visitors to spend a significant amount of time and attention. The
systemic aspect is not directly summarized in a hands-on experience which would lead
visitors to get an idea of the complexity and interdependencies of food systems. It is
foreseen that such an experience will facilitate visitors’ understanding of the challenges
our societies are facing, especially regarding our food [8].

2.2 Educational Content

The game AL2049 integrates knowledge related to the food system complexity and
more general skills at the core of the curriculum for secondary schools for French-
speaking cantons in Switzerland, the Plan d’études romand (PER) [9]. The topic of
the food system is directly relevant to major disciplines of the PER study plan such as:
geography, by describing the production and consumption path of a common agricultural
good; natural sciences, by recognizing and understanding interdependencies in natural
environments; nutritional education, by identifying the importance of a balanced, varied,
and healthy diet, which combines pleasure of the senses and good health. Beyond the
specific disciplinary contents, the main topic is the systemic understanding of the food
system itself, which is essential for understanding the environmental and social issues
related to food production [3]. In the PER, systemic (or systemic analysis) is defined as an
approach that considers the different actors, phenomena, spaces, and their interactions.
A system is complex (but not necessarily complicated) in the sense that it involves
multiple interacting elements; these can be political, economic, social, cultural, or natural
conditions.

An understanding of systemic phenomena also relies on students’ ability to engage
in reflective thinking, considered as cross-curricular and general education skills in the
study plan. To develop this skill, students can: elaborate personal opinions, identify facts,
verify their accuracy, put them in perspective, explore different options and points of
view, abandon preconceived ideas, compare his/her point of view with those of others,
face doubt and ambiguity. Critical thinking is a crucial skill and a prerequisite for under-
standing complex systems [10]. More general education skills can also be developed
such as: becoming aware of consumption behaviors and their consequences; evaluating
one’s place, role, and influence as an individual in the globalized economic system; etc.
These different core curriculum expectations served as a compass to guide our choices
for integrating learning goals into the game-design.

The learning goals of the game were selected during the co-design phase through
discussions between the different partners in the project. They are the result of a practical
consensus, based on the guidelines of the PER and the teachers’ expertise on specific
disciplines, the learning goals expected by the Museum, and researchers’ objectives
related to personal epistemology. On this basis, we identified two pedagogical objectives:
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systemic approach, focused on understanding complex relationships between compo-
nents of the food system, and critical thinking, focused on reflecting and evaluating the
information provided.

3 Theoretical Framework

Our game-based approach elaborates on the concept of ludicization [11], which differs
from the more common concept of gamification, the latter being understood as the
process by which one integrates aspects of play into a situation that is initially not
playful [2]. While gamification might simply consist of adding game elements (e.g.,
rewards or leaderboards) to a learning situation, ludicization focuses on the play — the
situation experienced by the learner, rather than on the game itself. It aims to change
the meaning of the learning situation so that it becomes playful. It also consists of the
integration of a learning content into a game, thus providing an epistemic dimension to
the gaming experience and enabling students to develop their knowledge from it.

In this paper, we use the model of ludicization [12]. This model is particularly relevant
to our purpose as it is adapted to game-based school visits in a museum. More generally,
it describes the process by which scholarly knowledge is made suitable for use as a
learning object within a specific game-based learning situation. This process is based on
the development of a fictional universe analogous to the field to be learned. This universe
is designed using narrative and game mechanics. In other words, ludicization corresponds
to a conversion of a “target domain” (the domain to be learned), which includes complex
and multidisciplinary knowledge, into a “source domain” (the learning situation) that
takes the form of a playful learning experience. This conversion is done using a metaphor,
which operates a transfer of meaning from a transparent source domain to an opaque
target domain. Indeed, as fictions, metaphors allow to describe abstract concepts in a
more comprehensible and concrete way by providing analogies from familiar domains
[13]. From this point of view, our approach is in line with previous works carried out in
the field of games studies and that consider games as hermeneutic spaces [14].

The use of a metaphor implies that there is a hidden meaning behind the game, and
that this second level of meaning gives the game its power. Thus, the metaphor captures
both the fundamental characteristics of this domain (what makes it what it is, and what
it would not be without) and the intimate nature of that domain that is difficult to know.
The metaphor usually remains implicit within the game and is rendered explicit during
the debriefing.

This model, applied to the context of the museum and to the theme of the food
system, allows to identify the target domain in the form of three key concepts: complexity,
systemic and planetary limits (Fig. 1). In this context, our research question is twofold:
how the target domain is translated into a source domain through the metaphorization
process; what are the choices made, in terms of game design, and how these choices are
associated with learning objectives?
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Fig. 1. Model of ludicization [12]

4 Research Method

Our work is grounded in a methodological paradigm called design-based research [15].
Design-based research consists of conducting an iterative process of design and anal-
ysis, carried out in a collaborative manner between researchers and practitioners. In
this context, our work took place during the initial phase of co-design, which involved
researchers, teachers, museum staff, and a Swiss video game studio. The co-design of
the game and its testing was divided into three phases.

The first phase consisted of two game jams that lasted half a day each. The first one
was conducted in 2020 with students of a Master of science in engineering at the School
of Engineering and Architecture of Fribourg, Switzerland. Resources were provided to
help them imagine a game and define educational goals. Based on this first experience,
a second game-jam took place in 2021 with twelve participants of the project. This
one focused on finding a metaphor that could reach a consensus between the different
partners. Several ideas were proposed, and the participants rated each game according to
a predefined criteria grid (e.g., the game allows: to think about complexity and systemic;
to have interactions with the museography; to adopt a reflexive approach and to question
the relationship to knowledge; etc.).

Once the general scenario of the game had been chosen, the second phase of the
co-design consisted of eleven half-day workshops between a member of the research
team, a museum curator, and a game-designer. This process allowed the development of
a prototype including each partners’ expertise. The game-designer first built a cardboard
prototype that could be played simply with cards and chips, before it was made digital.
The third phase was conducted in parallel with the second phase. It consisted of testing
the prototype and adjusting the game accordingly. Five main tests were organized. The
first one included five participants and was used to adapt the game to the students’ level,
according to the teachers’ expertise. Another test was done by the curator with his own
museum staff to practice the debriefing. Two more tests took place in classrooms with
targeted school children. A final test was conducted during the annual seminar of the
research project. Each test allowed the team to improve the game in terms of gameplay,
functionalities, and general understanding.
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5 Results

In this section, we describe our results, that is the game and its pedagogical sce-
nario (source domain), while the next chapter is dedicated to discussing the process
of metaphorization, highlighting the choices that were made in terms of game design
and how these choices relate to the pedagogical objectives (target domain). AL2049
is a mixed-reality game played with digital tablets in the permanent exhibition of the
Alimentarium, thus combining tangible and digital elements. It has been designed in a
pedagogical scenario for school visits of secondary school students (12—15 years old),
taking approximately 90 minutes. The whole scenario includes an introduction, the game
itself which has two distinct phases, and a debriefing.

The introduction takes the form of a briefing given by the game master (museum
staff) who sets an immersive narrative experience through storytelling. He describes
himself as a scientist working on the future challenges of food, emphasizing that the
current global food system might not be sustainable. Thus, he has imagined a new way
to explore and reconfigure the food system. He built a digital simulator on a tablet to
test various configurations. The simulator transforms the museum into a system isolated
from the world, in which a population of 30 people live. Players are invited to run the
simulator to help the scientist. The goal of the game is to feed the population.

The main menu corresponds to a map of the museum showing the various rooms
distributed on two floors. The core mechanic of the game consists in assigning specific
functions to these different spaces. Each function is a component of the food system
(Table 1). Players can thus choose to produce food, process it further (via food processing
mini-factories), facilitate exchanges or consumption (via markets or restaurants). To win,
players must attribute a function to each room to produce enough food for 30 people.
The game has two distinct phases. During the first phase, players must first unlock the
museum spaces. To do so, they must go into the museum room and scan it by pointing
the tablet in the direction of an arrow placed on the ground. After unlocking a space,
the player can assign a function to it, using a certain amount of energy. There are three
types of limited energy: human labor (i.e., the 30 people who make up the population),
renewable energy, and fossil fuel. These are not equal: fossil fuel, for instance, provides,
per unit, much more energy - a proxy of energy density.

Table 1. Main components of the food system’s model

Production Crop cultivation Animal breeding Hunting and fishing
Processing units Plants Animals

Consumption Market Restaurant

Bonus Laboratory of agronomical sciences

The food production components are further developed in the game. For example,
animal breeding is composed of four possibilities: pigs and poultry, cattle and sheep,
fish, and insects. These vary in terms of the quantity of food produced. Pigs/poultry and
insects’ farms produce a bit more food than cattle/sheep and fish farms - a proxy for per
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weight meat productivity per unit of surface. Similarly, crop cultivation is divided into
different options (Fig. 2). The two other categories, processing units and consumption
places, allow to reduce food losses. When the game starts, the food loss rate is set up at
35%. Players can reduce it at maximum 5%.

MARAICHER

7 NOURRITURE
PRODUITE

v O#% 3§ 2
ENERGIE CONSOMMEE

CULTURES

Fig. 2. Fruits and vegetables gardening interface

Each function has certain properties, but they are all related to other components of
the food system. For example, to allocate a space to raise pigs or poultry, the player must
first have assigned a space to grow crops because food is needed for these monogastric
animals. Consequently, the quantity of food produced from crop cultivation to feed the
population decreases. In turn, having an animal farm increases the production of each
space allocated to plant cultivation because livestock manure can be used as a fertilizer
providing additional nutrients needed for crop production, therefore increasing yield. In
the game, these explanations aren’t provided. The player only sees the different values in
terms of food production. The laboratory of agronomical science is another example of
interconnected components in a socio-environmental system. It gives the player several
different bonuses and increases the number of reliable advice coming from a newsfeed.

After allocating all the spaces, the player can press a button titled “10 years later” to
move forward in time and look at the results of the simulation. The end interface shows the
results of the simulation of the food system composed by the player (Fig. 3). It indicates
the number of people who survived, based on the amount of food produced and the
proportion of food loss. However, there are new criteria: health and well-being. These
two were not known by the player before. He/she can find out what they mean by simply
clicking on it. The “health” criterion depends on three variables: nutritional variety,
pollution, and greenhouse gases emissions. The “well-being” criterion is composed of
two variables: pleasure and workload.
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Fig. 3. End interface

Then, the second phase of the game can start. The player can go back in time and
change the composition of his/her food system, to feed the population of 30 people, this
time considering the two new criteria. The main interface is now enhanced with more
options. The player can apply filters for each variable and see the impact of each space.
As soon as he/she makes any change, he instantly sees its effect on the three main gauges:
food produced; health; well-being. The second phase of the game is characterized by an
open end-game state in which players can adjust the best they can, according to their
choices and values, their food system. The goal remains the same (feeding people) but
gets complexified with additional elements to consider.

Once the game is completed, players take part in a debriefing session, moderated
by the game master. The discussion revolves around the experience lived by the play-
ers. They are invited to explain their choices and strategies. The way the debriefing is
conducted is the result of a collaborative work between the different partners. It aims
to deconstruct the metaphor of the game and to help the players to link the source and
target domains (Fig. 1). The simulation that took place in the museum, understood as a
closed system, represents the planet and the global food system. From an educational
perspective, it is a crucial phase because players (who have become learners again) can
reflect on their experience. They learn by reflecting on the game experience rather than
on the experience itself (source). Thus, the debriefing helps to transform the subjective
knowledge developed during the game (the need to assess the quality of information)
into knowledge that can be used in another context [16].

6 Discussion

This description of the game and its pedagogical scenario for school visits highlights the
choices made based on the target situation for the design of a concrete source situation
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(Fig. 1). These choices are the result of the ludicization process, carried out by using a
metaphor. AL2049 offers a metaphor in which the museum is conceptualized as a closed
system that represents our global food system. Available resources, energy, and space
are limited. Players are expected to produce food in these conditions. Such limitations
are a metaphor of the planetary limits. As a result, the amount of food that can be
produced is limited. The metaphor also considers the complexity of the food system. Each
decision the player makes, in terms of type of crop grown, animal farmed, types of energy
used, and quantities allocated, has multiple impacts on the overall number of persons
who can be fed by the system, their health and well-being. This gameplay addresses
interdependencies between food production, energy use, environmental impacts, health
issues, and other socio-environmental issues.

The challenge was to keep the complexity inherent of the food system while reducing
it to an intelligible model. Therefore, some components of the food system are voluntarily
left out (such as the roles and impacts of transportation or the use of water resources), so
that players do not loose themselves in too much information and too many interactions.
The idea is not to match reality; the model is simplified but remains coherent with reality.
It has been built in such a manner to serve as the simplest possible proxy while preserving
the relative validity of the interactions in place, thus the educational content, and the
playful dimension of the game in specific constraints. What remains, at the end, is the
essence of the complexity of the food system itself.

The choices made in terms of components, interactions, and level of detail were
the result of discussions between the partners. For instance, when considering the issue
of climate change in agriculture, rice cultivation was treated as a special case due to
its significant greenhouse gas emissions compared to other crops. However, adding an
exception would risk diminishing the playfulness of the game if it were to disrupt its
understanding. Despite the risk, it was assumed that it was important enough to be
integrated. This exception could be developed during the debriefing, thus showing that
the ludicization process also allows to go back to the target domain.

The game scenario had to take into consideration several constraints. First it had to
be adequate for a museum school visit and coherent with the educational content of the
school curriculum. This was done by identifying pedagogical objectives with the help of
teachers. Second, the game had to be adapted to the museum objective to offer visitors a
hands-on experience that grasps the complexity and interdependencies of the food system
and its future challenges. We chose to design the game as an ill-structured problem with
no unique solution to illustrate the complexity of the food system and the potential to
improve the outcome based on a better understanding of its interconnections. This open-
end state is in line with the research project as well, since it aims to understand how
the ludicization of school visits at the museum allows learners to address complex and
non-deterministic problems. A final constraint was to design a game that foster students’
interactions with the museography. While the graphic design of the game fully integrates
it, thus helping to create a coherent game narrative and an immersive experience, the
game does not further promote interactions between players and the museum’s tangible
elements. Only the game scenario includes interactions with the permanent exhibition
during the initial unlocking phase.
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The game design is focused on bringing about a systemic understanding of the food

system through a trial-error process of trying to simulate the “best” system. It follows
that AL2049 is both a strategy and a simulation game. As a strategy game, it consists in
strategic deployment via system thinking. As a simulation game, it requires interacting
with and discovering an underlying, simulated food system. We see this paper as a
contribution to game design research that illustrates how a game can be an analogous
and metaphorical situation of a domain that needs to be learned. The game will be tested
with classes in autumn 2022 and traces will be collected to see how it is used by the
players and how their food conceptions evolve.
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Abstract. This paper deals with knowledge sharing during a collaborative and
design-based research project about game-based learning. According to a litera-
ture review about serious game design, a key process for collaborative work is
knowledge sharing. This process is analysed with the frames of praxeologies and
boundary objects. The praxeology framework aims to identify the participants’
practice and discourse about this practice for the design of serious games. The
boundary objects framework aims to identify knowledge transactions during col-
laborative work. We collected data from workshops dedicated to co-design of
TSADK, a serious game for computer education. We performed a thematic anal-
ysis on participants’ verbatim for nine workshops. The thematic analysis focuses
on one subject: the learning outcomes of the game. The analysis has identified
themes on this subject: to specify, to phrase and to select the main learning out-
comes. Regarding these themes, the praxeology and boundary object frameworks
allow us to identify common practice but no common knowledge and thus, an
obstacle to collaboration. Based on these results, we propose a tool for supporting
the collaboration design through sharing knowledge.

Keywords: Co-design - Serious game - Praxeology - Boundary object - Share
knowledge

1 Introduction

Design-based Research (DBR) is a ‘methodology aimed to improve educational prac-
tices through iterative analysis, design, development, and implementation, based on
collaboration among researchers and practitioners in real-world settings, and leading to
contextually-sensitive design principles and theories’ [1]. The main goal of our research
is to propose a framework for the analysis of collaboration during a workshop dedicated
to serious game (SG) design in DBR. This framework aims to identify the collabora-
tion problems that multidisciplinary teams may encounter during it (e.g. researchers,
teachers, game designers). This paper focuses on the description of this framework.
The design of a SG requires combining educational and playful dimensions [2—4],
which is a challenge. Indeed, Arnab et al. [2] highlight the lack of articulation between
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these two dimensions. Moreover, the design of a game requires multidisciplinary and
collaborative work [3-5]. The design team may face difficulties, such as multiple views
of the process [2], different professional practices [4] or internal understanding into the
team [5]. Indeed, ‘The experiences and terminologies of each actor can be a challenge
and an issue throughout the process’ [6]. This collaborative design is not only about
adding up expertise. It requires that stakeholders communicate and collaborate.

Stakeholders must share knowledge to understand each other. Moreover, the first
step for the collaborative design of a SG is crucial since the stakeholders must reach
agreement about the objective of the project, expectations of the stakeholders involved
[7] and the needs of the target audience [8].

To address this issue, we examine collaboration through the lens of the knowledge
sharing between stakeholders. We study this sharing through two theoretical frames:
praxeological analysis [9] and boundary object [10]. Praxeologies analysis is a way
to describe and analyse human activities [9, 11]. When they collaborate, stakeholders
develop a common praxeology, i.e. a common discourse on a shared practice [11]. This
discourse can be described as shared praxeologies [11]. Praxeologies analysis is a way to
illustrate how stakeholders describe and justify practice during collaborative design. We
also examine collaboration through the lens of boundary objects. Boundary objects are
concrete or abstract artefacts such as information or software [12]. Since each stakeholder
gives a specific meaning to these objects, they link communities together without prior
consensus [13]. As a result, they allow stakeholders with different backgrounds and
points of view to collaborate and to achieve a common goal [14]. They allow different
levels of dialogues called boundaries for the knowledge sharing [10].

In this paper we want to handle the sharing of knowledge during the collabora-
tive design of SG based on a framework that combines praxeologies analysis and the
identification of levels of dialogues between stakeholders.

To address this question, we first present a literature review of collaborative SG
design and the theoretical frameworks on praxeologies and boundary objects. Second, we
describe the method that allowed for the analysis of knowledge sharing during workshops
dedicated to the collaborative design of a SG. We discuss the results of the study and
propose guidelines for the sharing of knowledge as means to foster collaboration.

2 Collaborative Design and Knowledge Sharing

2.1 Collaborative Design of Serious Games

Different models exist to accompany the collaborative work between stakeholders
involved in the design of a serious game. However, these models present disparities.

Collaborative design may start by different steps: defining learning outcomes [3, 4,
15]; identifying users [16] or target audience [17]; specifying the overall objectives [17,
18]; establishing a theoretical basis and tool evaluation [17]; defining the problem [8].

Different stakeholders may collaborate to ensure the success of a specific step of the
process (e.g. [3, 4, 8, 16—-18]). According to the Six Facets of SG Design, pedagogical
and game design experts work together on the step ‘Problems and Progression’. This
one ‘concerns which problems to give the players to solve and in which order’ [4].
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Different authors propose design patterns dedicated to helping stakeholders to reach
a common vocabulary [4]. Guiding questionnaires [15, 17] or knowledge management
tools (e.g. skills map) [3] are proposed to foster collaboration. However, many authors
(see for example [8, 16, 18]) do not specify the way stakeholders share information and
knowledge. We address this issue in the next section.

2.2 Praxeologies Analysis and Boundary Objects

We know from literature review that knowledge sharing between stakeholders is a key
point for the success of the design, but this sharing is difficult [5]. We address this issue
with two theoretical frames: praxeologies analysis [9] and boundary objects [10]. We
articulate them to build a framework dedicated to the analysis of knowledge sharing.
By knowledge we mean concepts ‘relying on a theoretical framework’, produced and
legitimized by an institution and shared by using an appropriate language [19].

Itis expected that the collaborative design nurtures a ‘common discourse on practice’
[20]. The analysis of this discourse leads to the characterisation of praxeologies. This
frame was proposed by Chevallard [9] for the depiction of human activity. According
to Chevallard, a praxeology describes both the practice (praxis) and the justification
of it (logos) about a specific human activity. The praxis includes a task performed by
a technique and concerns the know-how. The logos refers to the technology and the
theory (i.e. the knowledge) that support and justify the praxis. Collaboration can be
analysed during design workshops based on this framework [11]. This analysis consists
of determining what stakeholders want to do in terms of game design (praxis), how
they justify (logos) this praxis. Collaboration is successful when stakeholders manage
to reach a consensus and to share a common praxeology (shared practice and shared
discourse on practice). So, stakeholders involved in collaborative game design need to
adjust their practice and discourse and share know-how and knowledge about this.

Processes of knowledge sharing can be identified with the boundary objects frame-
work. Indeed, this framework highlights levels of dialogue that allow to characterise this
sharing, through meaningful concepts. A boundary object is a tangible or digital object
(e.g. the SG itself, a tool to support collaboration), or a theoretical object (e.g. a con-
cept) belonging to stakeholders which foster meanings and interpretations among them
[12]. According to Star [13], communities can work together without prior consensus,
by mobilising boundary objects. These objects are seen as translation supports between
these communities [14]. They allow them to understand each other. To do this, they
establish different levels of dialogue (boundaries) [10], where knowledge is shared and
evaluated [14]. Crossing these boundaries allows stakeholders to work together despite
their plural views about how to perform the design process. Depending on the bound-
ary, knowledge management varies. Indeed, the syntactic boundary consists of a basic
transfer of knowledge, i.e. actors mobilise a common lexicon. At the semantic boundary,
knowledge is translated, i.e. they share common meanings. At the pragmatic boundary,
knowledge is transformed i.e. they rely on common interests [10]. Boundaries’ analysis
enables us to understand the way stakeholders share their knowledge.

Our framework articulates the frames of praxeology analysis and boundary objects,
for the collaboration analysis. Indeed, praxeology analysis aims to identify knowledge
at stake and boundary objects, to understand processes of knowledge sharing through
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the 3 boundaries. Based on it, we performed a study to identify the knowledge shared
during workshops dedicated to the collaborative design of a SG for computer education.

2.3 Research Questions

Based on this framework, we define collaboration as a sharing of knowledge (praxis
and logos) about SG design among stakeholders involved in it. This sharing may occur
at different levels (syntactic, semantic and pragmatic). We want to understand which
knowledge is concerned and how it is shared. In addition, we want to analyse the sharing
of explicit knowledge (declarative knowledge) during workshops dedicated to game
design. Thus, we address the following questions:

(RQ1) What are the praxeologies of these stakeholders during the process of SG
collaborative design? Do they manage to reach a common praxeology?

(RQ2) How do they share knowledge? Which boundaries are concerned by
knowledge sharing?

3 Research Method

3.1 Epistemological Framework

Our research is grounded on the pragmatic constructivist epistemological framework
[21]. It means that reality can be apprehended through human experience [21]. Our
research is conducted according to a DBR method [1, 20]. It includes researchers, teach-
ers and a game designer which are working together to design a SG in an iterative way.
They mobilise it in the field to study theoretical frameworks.

3.2 Context

We study the knowledge sharing that takes place during workshops dedicated to the
collaborative design of a SG for a DBR project. The Ethics Committee from University of
Geneva validated the study. The SG named TSADK is designed for a class of algorithms
and computer languages for Bachelor’s degree students. It takes place in a castle, inside
a medieval fantasy world. The player is trapped in the game and he/she has to fix its
broken code. To do this, he/she must go through 10 rooms and save residents of the
castle by solving algorithmic problems. TSADK is developed with ActivePresenter and
played on Moodle, a Learning Management System.

The collaborative design of TSADK took place during 26 workshops. To conduct
this design, we use the mockup of a platform under development. It consists of a set
of tools dedicated to foster collaborative work through knowledge sharing. Workshops
are structured in 3 steps. (1) A preparatory step aims to settle the workshop and at
designing a tool for the knowledge sharing on a specific design task (e.g. specifying
the learning outcomes). The tool is then integrated into the platform. (2) The workshop
itself during which participants are encouraged to collaborate for reaching a specific
objective (e.g. reaching a consensus about the learning outcomes). (3) A closing step
recalls the objectives of the workshop, decision taking and agreeing on the next workshop
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objectives. Each workshop is expected to foster collaboration thanks to the tools used
and the tasks performed by the participants. In this paper, we do not describe these tools.

The design team includes 10 participants that come from IMT Nord Europe, the
universities of Grenoble (France) and Geneva (Switzerland). It is composed of a game
designer (G); researchers and doctoral students (R1,R2,R3, D1, D2); a head of computer
science courses (H); a project manager (P); and teachers (T1, T2) who want to implement
a SG in their course. Thus, the studied context includes the expertise needed to co-design
SG in DBR (see Table 1). 5 members have never been involved in the design of SG
previously. We indicate them by an asterisk in the table below.

Table 1. Participant’s expertise (a-educational; b-computer science; c-method; d-SG design).

Participants P |R1* |R2 |R3* |D1* |D2* |T1 |T2 |G |H*
Serious game design X X

Research dc a,d |b a,d |a,d |b d |b
Teaching in algorithms and computer X X X |Xx X
languages

We organised online workshops due to the COVID-19 pandemic, the physical dis-
tance between participants and the ease to recorded them. Thus, tools allowing com-
munication are needed. These tools did not present any difficulties, as most participants
were already familiar with using them, and if not, some time was devoted to training
them about how to use them. These workshops are organized in whole or reduced teams.
Reduced team workshops include participants according to their expertise. In this arti-
cle, we analyse knowledge sharing during the first 9 collaborative design workshops that
took place at the beginning of the project. Table 2 describes these workshops.

Table 2. Description of the workshops (W-whole team; R-reduced team).

Workshop 1 2 3 5 6 7 9 10 11
Date (month/day) 04/07 | 04/15 | 04/21 | 05/05 | 05/19 | 05/26 | 06/18 | 06/23 | 06/30
Duration 1h30 |2h30 | 1h30 | 1h40 |2h30 |Oh45 | 1h35 |2h15 |2hl5
Team w R w w w R w R R
Number of stakeholders | 10 6 8 8 9 4 9 6 5
Tool used X X X X X X X

3.3 Data Collect Method and Data Analysis Method

During workshops, we performed participatory observation as a data collection method.
It allows researchers to immerse themselves in the field by taking part in the group’s
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activities and maintain the necessary distance to build bridges between the field and the
theories at stake [22]. These workshops are recorded, then transcribed.

We conducted a thematic analysis on the transcribed exchanges. It allows us to
identify the themes of the corpus according to the research objectives. In this one,
‘Coding is an organic and open iterative process; it is not ‘fixed’ at the start of the
process’ [23].

For this paper, we focus this thematic analysis on themes related to the learning
outcomes of the SG. Different team members identified them as crucial and, since they
‘serve as a guide in pedagogical action [...] and provides references and criteria for
evaluation’ [24], their specification is considered as a starting point [3, 4, 15]. In addition,
the specification of the learning outcomes give rise to many difficulties and discussions.
We hypothesize that the learning outcomes of the game are boundaries objects that
emerged during the collaborative design process.

To depict learning outcomes, we distinguish elements of praxis (task and technique)
but not those of logos (technology and theory), as they are difficult to differentiate
through discourse analysis [6]. We group elements of logos under the term justification.
We also study how participants share their knowledge about learning outcomes through
boundary object analysis. We mobilise questions to conduct the analysis: what task do
participants evoke? (task), how do participants perform this task? (technique), what
argument do the participants provide for this task or this technique? (justification), what
common language do participants use to share this knowledge? (boundaries).

4 Results and Discussion

The results are based on the verbatims’ analysis about ‘learning outcomes’, translated
from French to English. Each verbatim in italics is numbered according to the actor who
mentions it and the workshop’s number (e.g. R2-W1: Researcher 2 in workshop1).

4.1 Participants’ Praxeologies

To address research question 1, we identify task and technique (praxis) and justification
(logos) that refer to knowledge, through praxeologies’ analysis. The analysis allows us
to identify themes. We summarise the results in Table 3.

During the workshops, the participants provide ideas about how to specify learning
outcomes (theme i) about algorithms and computer development. A researcher (R2-
W1) proposes to clearly formulate them: ‘because they can be interpreted [...] it’s
the same objectives for grades 1 and 3, which means that you put different things in
terms of difficulties behind’. This justification refers to their accuracy, in order to avoid
interpretation ‘objectives must be as precise as possible’ [24]. The researcher (R3)’s
praxeologies join R2’s. Indeed, R3 (W2) proposes to phrase them precisely. The teacher
(T1) and the project manager (P)’s praxeologies are also close. Indeed, they both suggest
to identify them through the content of the curriculum but by using different techniques:
to locate the concepts to be learned in a Powerpoint presentation of the course (T1-W1)
and to analyse the practical work (P-W1). Finally, two researchers emphasize on the
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same technique: their description needs ‘fo be specific enough so that everyone can
understand’ (R3-W2) such as the ‘non-computer experts’ (R2-W5).

In addition, the project manager (P) communicates different techniques to work on
the phrasing of learning outcomes (theme ii). He proposes to ‘use the syntax from the
educational sciences’ ‘We might have to rewrite them with a particular syntax to please
the educational researchers [...] but I think we’re already in something fairly ready to
use.” (P-W3). He also suggests to ‘rely on the syllabus’ and to ‘think about the proper
verbs to use’(P-WS): ‘[for this learning outcome], I wrote ‘they’ll be able to read and
process’ but that could be misinterpreted so it’s better to keep only ‘process”.

Some participants suggest focusing on the main learning outcomes (theme iii). A
researcher (R2-W1) explains how to prioritise them (a specific technique). Indeed, he
underlines the need to ‘identify ‘learning obstacles’ since students face specific difficul-
ties to overcome them’ (R2). A ‘learning obstacle’ is an obstacle that can be surmountable
and is a key to formulating the most essential learning outcomes [19]. An actor proposes
‘to have a look at the main learning outcome of practical work’ (T1-W2). A teacher
(T2-W10) offers ‘to select an achievable learning outcome’: ‘The rigour of the writing,
technically, it’s not easy to achieve’.

To summarise, participants express tasks and techniques (praxis) about learning
outcomes. Some do not see the need to address this issue and consider this task unuseful
(e.g. ‘toplease the educational researchers’). This task seems not usual for their SG design
practice. However, others share the same praxis (e.g. T1 and P propose to identify learning
outcomes through the content of the curriculum). Through the discourse analysis, we
were able to identify only R2’s logos. This researcher is maybe the only one who is used
to justify his praxis in such workshops. This does not mean that the other participants do
not have logos about them but it remains hidden during the workshops. Indeed, teachers
hold the content of the teaching sequence in which SG takes place, e.g. by relying on
the constraints of the institution or teaching situation [25].

4.2 Boundaries Concerned by Knowledge Sharing

To address research question 2, we identify the levels of the boundaries mobilised by
the participants through knowledge identification (logos). We presume that the learning
outcomes of the game are a boundary object.

The following extract refers to the content of learning outcomes, in W1.

— *‘So, do we have learning outcomes? Well, I think T1 provided them. I think we
will have to define things a bit more precisely’ (P)

— ‘They are not sufficiently specific for the design of the game. Indeed, they may be
interpreted differently depending on people. We need to define them precisely’ (R2)

— ‘It is necessary to specify them, since the beginning, we have been talking mainly
about algorithms. It would be necessary to clarify the scope of the field to be covered.
Is there any room for stuff that isn’t purely algorithmic?’ (R3)

— ‘[...]1 So we should go back to each [learning outcome] and make it clearer?’ (P)

— ‘I think they’re clear but not ready for use. If we want to create a specific [game]
to achieve them, we have to tell ourselves, ‘I want [students] to be able to do this’ (R2)
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R2 translates his knowledge so that the co-design process can move forward. By this,
R3 seizes his knowledge and deepens it. Then, P proposes to clarify learning outcomes
and R2 pursues his translation to help. R2 and R3 deepen the concept in the same way.

The following extract is about the concept of ‘obstacle’, in W1.

— ‘If we want to redefine operational objectives, I need to go back to the slides [of
the syllabus], and there are 180 slides’ (T1)

— ‘I think, maybe not the 180 slides [...] but we may define priorities. What we have
done [in previous projects] is to consider that some stuff is really complicated for the
students. We call them obstacles and so, we focus on that’ (R2)

— ‘Recursivity is a notion that always poses a problem for us’ (T1)

Again, researcher R2 translates his knowledge to make it understandable. Teacher
T1 provides an example of difficulties encountered by the target audience and shows
that he understands this concept. As a result, a collaborative work on the specification
of learning outcomes becomes possible.

To summarise, collaborative work occurs when different participants (R2-R3;R2-T1)
share knowledge of the semantic boundary. At this level, knowledge sharing enables for
the emergence of a common meaning [10]. However, we are not able to identify shared
knowledge about learning outcomes for some participants, such as P.

Table 3. Summary table of the praxeological analysis on ‘learning outcomes’ (W-workshop; *a,
*b and *c-shared praxeologies).

Participant workshop | Praxis (task and technique) Logos (justification)

(i) To specify learning outcomes

R2-W1 To specify learning outcomes (task)*a No interpretation
by providing a clear phrasing (technique)

T1-W1 To identify learning outcomes (task)*b
by locating the concepts to be learned in the
slides (technique)

P-Wl1 To identify learning outcomes (task)*b
by studying the content of practical work
(technique)

R3-W2 To define the learning outcomes more precisely
(task)*a

by checking that the team has understood them
(technique)*c

R2 - W5 To rely on clear learning outcomes (task)*a
by checking that non-computer experts
understood (technique)*c

(continued)
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Table 3. (continued)

Participant workshop | Praxis (task and technique) Logos (justification)

(i1) To phrase of learning outcomes

P-W3 To rephrase the learning outcomes (task)
by using syntax from the educational sciences
(technique)

P-W5 To rephrase the learning outcome (task)
by relying on the syllabus (technique)

P-W5 To consider the elements in order (task)
by thinking about the proper verb to use
(technique)

(iii) To focus on the main learning outcome

R2-W1 To prioritise learning outcomes (task) Learning obstacles
by identifying students’ difficulties (technique)

T1-W2 To have a look at the main learning outcome of
practical work (task)

R1-W3 To focus on a precise learning outcome (task)

T2 -WI10 To select an achievable learning outcome (task)

5 Conclusion and Future Work

This article deals with knowledge sharing about learning outcomes during a SG’s col-
laborative design done in DBR, through an analysis frame combining praxeological [9]
and boundary object analysis [10].

Thanks to this approach, we were able to identify two levels of knowledge sharing
(praxis and logos). For praxis, we identified tasks and techniques of participants, some
of them are shared. For logos, we only identified researcher R2’s knowledge. The sharing
of knowledge occurs at only one level (semantic boundary). Through this boundary, a
translation process took place. This process allowed other participants to mobilise this
knowledge. Thus, we consider that praxeology analysis is useful to identify the know-
how and the knowledge that are expressed. In addition, boundary object analysis allows
us to identify the level involved in the sharing of knowledge between stakeholders.
However, we did not manage to identify the knowledge possessed by all participants to
the workshops. Since knowledge sharing is at the core of collaboration, it might be an
issue if knowledge is not explicit for all participants.

To remove the barriers of collaboration, it is necessary, from the start of the pro-
cess, to propose design activities that integrate tools ‘to bring out the boundary objects
that [...] encourage collaboration at these stages’ [6]. These tools must allow the knowl-
edge sharing between experts involved concerning their way of conducting collaborative
design. We foresee designing a tool based on questions asked to participants. This tool
will consider the two dimensions of praxeologies (logos and praxis) [9] and the three
levels of discourse (transfer, translation, transformation) [10]. We expect that, based
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on this tool, stakeholders involved in game design will be able to share the knowledge
needed to perform the design. We also expect to foster their awareness about difficulties
for knowledge sharing. By making misunderstandings more visible we expect to help
participants to overcome their difficulties and then, to foster collaboration in the process.
Furthermore, we consider that such a tool may be used throughout the process, during
and outside the workshops and supports researchers and practitioners’ collaboration for
design-based research projects.
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Abstract. The relationship between Decision-Making and emotions has
been investigated in literature both through theoretical and empirical
research. Particularly, some paradigms have been defined, rooted in the
Game Theory, that use socio-economic and/or trust based contexts to
produce specific emotional responses in people. However, experiments
with such game paradigms have most frequently been carried out in con-
trolled settings only. As these methods have a potential usefulness in a
variety of areas, we are interested in verifying their applicability “in the
wild”. To this end, we have developed a mobile game that integrates
in a single plot four of the above mentioned socio-economic and trust-
based game paradigms and aims at eliciting specific types and valences
of emotions in different interactions. The paper discusses the outcomes
of an experiment we carried out with eight participants in order to pre-
liminarily test the usability of our game in authentic contexts of use.
The results confirm that the designed game interactions are able to elicit
emotional responses in the participants, also in ecological settings, that
were expected based on the literature.

Keywords: Affective computing + Serious games + Emotion
elicitation - Game theory

1 Introduction

Emotions usually play an important role in the decisions we make. This impacts
our daily activities, ranging from how we behave, what we wear, what we eat
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to which investments we should make [17]. Classifying and detecting emotions
can thus be useful for inferring one’s inclinations during decision-making situ-
ations, with major implications in several areas such as e-commerce, financial
trading, etc. [17]. Moreover, automatic emotion detection is being used in several
avenues for improving wellness and/or mitigating the damaging effects of mental
illnesses. Examples include teaching social interaction to children on the Autistic
Spectrum using robotics [13]; detecting depression [22], etc. With the latest tech-
nological advancements (in terms of e.g., miniaturization, computation power,
memory size) automatic emotion detection has reached unprecedented accuracy
and portability [16].

Development of such novel applications has been enabled by the discovery of
the presence of certain patterns in emotional responses, most notably, in individ-
uals with social anxiety [9], depression [22], and borderline personality disorder
[21]. Several games exist that exploit well known Game Theory paradigms (e.g.,
social-economic tasks and dilemmas) and have shown to produce specific emo-
tional responses not only in individuals with mental illnesses [10], but also in
mentally healthy people (e.g., under socio-economic and trust based scenarios),
as shown in Table 1.

Table 1. Decision-making & emotional response patterns in socio-economic and trust
based scenarios

Interaction type | Type of pattern Pattern observed

Ultimatum Decision-making Favours accepting any offer as responder and makes
game® fair but lower offer to maximize profit

Emotion elicitation | Induces sadness when unfair offer is presented and
happiness when fair offer is presented

Trust game* Decision-making Favours investing smaller amounts in the beginning
and defect more often as trustee

Emotion elicitation | Induces sadness and anger when trustee does not
return profit shares and happiness for the contrary

Dictator game* | Decision-making Favours making lower allocations to recipients

Emotion elicitation | Induces happiness in being able to provide any
amount of resource to the responder

Prisoner’s Decision-making Favours cooperative over selfish behaviour

dilemma Emotion elicitation | Induces anger, sadness and sometimes disgust when
game™* betrayed and happiness for the contrary

* [23,24]

k% [18]

Currently, such gamified activities are administered in person under con-
trolled environments, which limits applicability of these methods outside clinical
contexts. The wide popularity of Role Playing Games on mobile platforms [1,4]
have enabled the usage of Decision-Making games in several different real-world
contexts. Therefore, we argue that such games Decision-Making could be an
effective means for supporting/investigating several activities ‘in the wild’, e.g.,
by inferring one’s mental state, level of satisfaction, socio-economic inclinations,
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etc. More specifically, we hypothesize that the socio-economic interactions with
Non-Playing Characters (NPCs) in our game can be used to elicit the types
and valences of emotional responses that have been observed in experiments
that used similar interactions in aforementioned studies. Accordingly, this paper
presents the design of a mobile game exploiting Game Theory models aimed
at eliciting various types of emotions ‘in the wild’. Results from a preliminary
experiment confirm the hypotheses stemmed from the controlled studies and
hint at the possibility of a much more extensive testing and deployment.

2 The Game Design

2.1 Game Storyline, Dynamics and Mechanics

A player will live a day the life of “Joe”, a boy in a small island named Laniakea.
Every day, Joe has to complete a certain set of tasks by interacting with the
locals. Joe has three resources (money, food, and health) in a limited amount.
His goal is to keep his Overlord satisfied. The developed level of the game explores
Joe’s visit to a new part of the island, a small town called Caldwell, where he
meets with a number of people (NPCs) and makes socio-economic and trust-
based decisions during the NPC interactions.

Joe is required to follow the mechanics of the game to successfully complete
the level [2,3]. Certain mechanics ensure that the player carries out various
types of Decision-Making processes. For instance, the first interaction is about
borrowing money from someone rude, immediately followed by an interaction
where the player is awarded for placing his trust on a stranger. This design
is expected to instill a sense of positive uncertainty in the player, which will
keep the player guessing what might happen in the next interaction and entice
the player to try to reduce the uncertainties that may come up later in the
game, as a result increasing player engagement [7]. A key aspect of this game is
the thorough engagement with NPCs during the interactions. Thus, while the

(a) Player Heads- (b) Emotion Self-Reporting  (c¢) Map-view of the level
Up-Display (HUD) Ul of the game

W

Fig. 1. Game UI, emotion self-reporting & navigation elements
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navigation among the interaction sites in the game is seen in third-person in
the user interface, during all interactions the camera switches to a first-person
view, so that the player interacts from the perspective of Joe, increasing the
immersivity in these key moments.

Some of the other important mechanics that are in the game are given below:

1. Each NPC makes the player know where to go next right after the interaction.

2. An interaction has either a positive or a negative impact on one of the
resources, as part of the economic aspect of the socio-economic interactions

3. In order to successfully complete the level, a player needs to have a sufficient
level of at least two of the three resources.

4. While moving between one site of interaction to the next, the player needs
to stay within the road bump barriers that surround the road in the level, as
collisions with the bump barrier will reduce player’s health, thus demanding
the player to stay focused in the gameplay even in these “interlocutory”
phases. This makes the game engaging by introducing an element of risk of
failure and keeping the player in the ‘flow’ [15].

5. The player has a navigation aid arrow that always points towards the next
NPC to interact with, along with a handy map feature that shows the loca-
tions of the NPCs in the scene together with the player’s current location
Fig. 1a.

6. The socio-economic interactions do not lead to a failure of game progression
as that would elicit some unpredictable emotional responses (while we are
interested in the specific, expected emotional responses) [10].

7. The mechanic of having a sufficient level of at least two resources for a suc-
cessful completion of a level is essential as it ensures that there would be no
direct relationship between socio-economic interactions and a failure in the
game progression.

2.2 UI Elements

Figure 1 shows 3 snapshots of the game UI elements. Figure 1a shows the default
UI, in which the player status panel is placed at the top left corner of the screen,
the freely pivoting white arrow indicating the NPC location is at the top center,
at the bottom left is the navigation map button, while the multi-directional on-
screen joystick to control the playing character is placed on the bottom left with
the ‘Jump!” button at the bottom center. The player status panel itself contains
three status bars for the limited resources that the player has, namely health,
money and food, in that order from the top. The horizontal length indicates the
level of the respective resource. At anytime during the gameplay, clicking on the
navigation map icon displays a top angled view of the entire scene, with markers
for locations of the tasks ordered according to their sequence of occurrence in
the game, as well as the real-time position of Joe in the scene (Fig. 1c).

As self-reporting is a standard practice in literature [16,20] for capturing
emotional responses of individuals after an event, we have incorporated it into
the gameplay itself. After each socio-economic interaction, the player is displayed
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the Ul shown in Fig. 1b to self-report his emotional state at that moment. The
options for self-reporting emotional state includes the six emotions considered to
be the basic building blocks of all of our emotions, which are Happy, Surprise,
Sad, Angry, Fear, and Disgust [8]. This is so that we may be able to derive more
complex emotions from the data collected in the future [14].

(d) Prisoner’s Dilemma Game (e) Prisoner’s Dilemma Game
Prisoner NPC Jailer NPC

Fig. 2. NPC interactions

2.3 Decision-Making Interactions

There are several well known game paradigms in Game Theory to analyse social
behaviour of individuals under economic constraints. Some of these also require
a co-operation between the players [6]. Examples of games that utlise such
paradigms include: Ultimatum Game, Trust Game, Chicken Game, Dictator
Game, Prisoner’s Dilemma, etc.

In our design, we have chosen four different types of player-NPC interactions,
that are explained in Table2, in the order in which they appear in the game.
The table also explains the expected emotional response from our players when
they experience the interactions in our implementation.
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3 Data Collection Using the Game

3.1 The Experiment

A ‘within-subjects’ experimental design was followed for our experiment and
so, no control groups were considered as this approach has been shown to be
effective for ‘in the wild’ experiments [19]. Our small scale data collection was
conducted to perform a preliminary study ‘in the wild’, with 10 individuals, out
of whom 8 decided to fully participate in sharing their emotional response data
that was captured by the game software. The participants were selected on the
basis of them not having a diagnosis of any neurological conditions (such as
autism), affective disorders (such as depression) and whether they had access to
an Android device. A formal ethics review was conducted by Queen Mary Ethics
of Research Committee (QMERC) and they deemed the study to be low risk in
nature, subsequently providing their approval for the experiment.

The participants were from diverse age groups (2 teenagers, 2 people in their
20s and 4 people in their 30s) and academic backgrounds (2 high-school stu-
dents, 1 Data Engineer, 3 Software Engineers and 2 post-doctoral candidates).
The participants played the game on their own Android devices and physical
environment the players were in was not controlled (hence, the aforementioned
‘in the wild’ setting for the experiment). The number of subjects was chosen
in order to meet the requirements for a preliminary usability testing, assug-
gested by Turner, et al. (approximately 5 participants should be enough [25] to
guarantee that 90% of the usability issues are covered). The participants were
asked to provide their feedback on their engagement with entire the game after
they had played it and the form provided to them was the Game Engagement
Questionnaire (GEQ) introduced by Brockmyer, et al. [5].

Immersion Presence Flow Absortion
3 30 30 3
L 25 25 25
320 g 2

g 820 g 9

§ g T §

g1s g1s g1s gis
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05 I 05 05 05
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Fig. 3. GEQ responses according to the four areas of engagement assessed by the
questionnaire.
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Table 2. Game Theory Paradigms used for Socio-economic [23] and Trust-based [18]
player-NPC interactions. The first three games are of socio-economic type, the last one

trust-based

Game

Description

Our implementation

Ultimatum game

There are two players, a Proposer and a
Responder. The proposer is given some
money and asked to propose a split
amount to the responder. The responder
can accept or reject the offer. If the
responder accepts, the two players get the
agreed amount, if the responder rejects
the offer, neither getsany money

In our game, the NPC is the ‘proposer’
and Joe is the ‘responder’. The NPC
makes an unfair offer. The polarity of the
interaction is negative: meaning that the
NPC dialogues are condescending and
slightly rude but not offensive, as such
interactions in Ultimatum game settings
have been shown to produce more distinct
negative emotional responses with higher
valence [23]. Figure 2a shows part of the
dialogue between Joe and the NPC

Trust game

There are two players, a Trustor and a
Trustee. The trustor is given some
resource, e.g. money and asked to propose
a split with the trustee. The trustee can
accept or reject the offer. Whatever
amount is given to the trustee is
doubled/tripled in the game. But the
trustee has the freedom to choose whether
or not to repay the trustor any amount

In our game, the NPC is the ‘trustee’ and
Joe the ‘trustor’. If Joe chooses to trust
the NPC with his food, the NPC chooses
to reward Joe and returns the Joe’s share
on the profit. The polarity of the
interaction is positive, meaning that the
NPC dialogues are uplifting and
indicating gratefulness of the NPC. This
is due to two reasons. First: to balance
the negativity of the Ultimatum Game’s
NPC, as prolonged negativity may effect
the decisions of the player [11]. Second:
positive polarity interactions in Trust
Game settings promote co-operation [24].
Figure 2b shows part of the dialogue
between Joe and the NPC

Dictator game

There are two players, a Dictator and a
Responder. The dictator is given some
money and asked to donate a fraction (or
the whole) amount to the recipient. The
responder has to accept the donation.
The dictator also has the option of not
donating any amount and the recipient
has no say in this game

In our game, Joe is the ‘Dictator’ and the
NPC is the ‘responder’. This interaction
is designed as such that if Joe chooses to
donate some of his money, the NPC
expresses his gratitude for the generosity.
Otherwise, the NPC will still be polite
and the interaction has a positive polarity
in either scenarios. This positive polarity
is important as it will ensure that the
prior trust game interaction having a
positive polarity will not seem like a
one-off phenomenon and will consolidate
the notion that not all NPCs are rude.
This will also influence the next
interaction, which has a negative polarity,
as any changes in the narrative elicit
stronger emotional responses in the
players [12]. Figure 2c part of the dialogue
between Joe and the NPC

Prisoner’s dilemma game

There are three players, a Jailer, Prisoner
A and Prisoner B. Both the prisoners are
interrogated by the jailer on a crime they
are accused of. If both the prisoners
accuse each other, they both get 1year of
prison. If neither accuses the other, they
both get 5 years of prison. If one of them,
for instance prisoner A, accuses B while B
does not accuse A, then A will walk free
and B get 10 years

In our game, the NPCs play the role of
the ‘jailer’ and the ‘prisoner B’; while Joe
is the ‘prisoner A’. The interaction is
designed as such that the player chooses
to help the prisoner-NPC to complete the
final task, and by being associated with
this prisoner-NPC, Joe becomes an
accomplice to the jailer-NPC. This
interaction is specifically designed to
orchestrate a betrayal from the
prisoner-NPC, which is supposed to elicit
a high valence of negative emotional
response [6]. Figure 2d shows part of the
dialogue between the prisoner NPC and
Joe, while Fig. 2e shows part of the
dialogue between the jailer and Joe NPC
and Joe
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3.2 Analysis of the Collected Data

The GEQ contained 19 questions that can be clustered to represent four differ-
ent aspects of player engagement, which are: Immersion (question 1), Presence
(questions 2 to 5), Flow (questions 6 to 15) and Absorption (questions 16 to 19)
[5]. Each question had three possible answers, ‘No’, ‘Maybe’ and ‘Yes’, which
were coded to 1, 2 and 3, respectively, in a Lickert scale. Figure3 shows the
responses for each of the aspects of engagement. The responses for the latter
three aspects were averaged for each participant over the range of questions for
each aspect. The orange horizontal line in the response charts shows the average
response score for each aspect, which was 2.4 for Immersion, 1.8 for Presence,
2.3 for Flow and 2.2 for Absorption. Hence, the average trend indicates that
the player reports tended to be closer to ‘Yes’ for Immersion, Flow and Absorp-
tion than for Presence, and this was anticipated. The questions for Presence, in
fact, included questions like “My thoughts go fast?”, “Things seem to happen
automatically?”, “I played longer than I meant to?”, etc. The game required a
conscious effort to interact and take decisions. Hence, it is likely that the players
would feel a higher cognitive load while playing our game than in other games
they played before, naturally leading to more frequent ‘No’ and ‘Maybe’ for
questions relevant to the Presence aspect of engagement, and a lower average
for that aspect. Overall, the GEQ responses indicate that players were suffi-
ciently engaged for us to assume that their reported emotions were resulting
solely from the game interactions. There were no significant differences between
the responses of different age groups, meaning that the game was nearly equally
engaging for different ages.
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Fig. 4. Total negative emotions and total positive emotions for each type of interaction

Figure4 shows that the interactions with negative polarity in speech and
expression of the NPC as well as having negative fairness (Ultimatum Game,
UG and Prisoner’s Dilemma Game, PDG) actually elicited higher total nega-
tive emotions (Sad, Angry, Fear & Disgust), while the interactions with positive
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polarity in speech and expression of the NPC as well as having positive fairness
(Trust Game, TG and Dictator Game, DG) elicited higher total positive emo-
tions (Happy, Surprise). This is in line with literature, as discussed in Subsect.
2.3 and observed in Table 2 for each type of NPC interaction we implemented in
the game. Also the very high total negative emotional response from the betrayal
in the Prisoner’s Dilemma confirms what is known in controlled environments.

4 Conclusion

In this paper, we have presented a game design that implements socio-economic
and trust based interactions and we have demonstrated that the mobile game,
with its characters and interactions, is capable of eliciting specific emotions with
high valence from its players in a predictable manner. Importantly, these results
confirm, ‘in the wild’, what is known in literature from controlled experiments.
Hence, such games can be applied in areas that were discussed in Sect. 1 of this
paper, while also opening the doors of possibility of utilising our game to detect
abnormal emotional responses (such as the ones that do not coincide with our
findings) and using those to infer if a player might have affective disorders.
The scope of this game is limited by the number and type of player-NPC
interaction narratives. However, such preliminary results encourage new research
to identify more scenarios to elicit predictable emotional responses, so to increase
the diversity of the interactions in the game and enhance its variety and appeal.
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Abstract. This paper discusses a unique serious game which harnesses a psy-
chological state of Flow both as a pedagogical tool and a development target. The
FLIGBY game was developed with the intention of teaching learners to understand
the concept of Flow and apply this within their leadership practice. In FLIGBY, the
player assumes the role of General Manager of a winery in California and must
make 150+ complex decisions while managing the winery team and strategic
direction to ensure the business’s success. This allows for the assessment of play-
ers’ skill level in 29 ‘soft skills” and provides the rare ability to quantify changes
in players’ leadership abilities. Use of the game to develop soft skills is discussed,
including an extensive range of feedback provided during the game. Suggestions
for future research include further interrogation of the dataset collected as learn-
ers progress through the game, along with additional measurement to assess how
learners achieve a state of Flow while playing the game. Investigation of the roles
of storification and socially constructed realities is also recommended.

Keywords: Serious game - Soft skills - FLIGBY - Leadership development

1 Introduction

Digital simulation and augmented or virtual reality technologies have been increasingly
studied over the past twenty years and are predicted to be one of the biggest disrupters
in business during the upcoming decade [1]. Of particular interest are the numerous
potential applications for serious games for behavioral learning, integrating the benefits
of simulation into business education. Serious games can be defined as “digital games,
simulations, virtual environments and mixed reality/media that provide opportunities
to engage in activities through responsive narrative/story, gameplay or encounters to
inform, influence, for well-being, and/or experience to convey meaning...” [2]. Amongst
the new ground being broken in the enhanced use of digital technologies in business
and exploitation of the benefits of serious games for training, it is imperative that lead-
ership development is not left behind. There are a number of serious games used for
training purposes in several areas including health, fitness, sustainability, engineering
and design. Increasingly, attention is also turning to serious games as a mechanism for
developing critical leadership skills such as strategic thinking, emotional intelligence and
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prioritization, often described as ‘soft skills’. The importance of effective leadership in
business success has been extensively studied and mapped in academic literature, along
with a wealth of potential development strategies for critical soft/deep skills in modern
leadership [3-5]. However, ‘soft skills’, although hugely impactful in businesses, can be
challenging to develop as knowledge-based training methods are widely accepted to be
ineffective without experiential opportunities to practice and receive feedback [6, 7]. For
this reason, among others, research is increasingly turning to digital learning to explore
mechanisms of interpersonal leadership skills such as collaboration, communication,
negotiation and critical thinking [8].

This paper discusses a case study of FLIGBY, which is a serious game for leadership
development, where players undertake the role of a general manager of a winery and
must make several challenging business and human resource decisions in order to ensure
the company’s success. Additionally, FLIGBY’s unique gameplay and storyline aim to
educate players in the benefits of a psychological state of Flow; thus utilizing Flow as
both as a pedagogical tool and a development target.

2 Theoretical Background and Originality of Contribution

2.1 Education on the Fundamentals of the Psychology of Flow

An established research area within the gamification of learning design is the concept
of a state of Flow, defined by Csikszentmihalyi [9] as a state in which individuals are
completely immersed or absorbed in the activity or task, leading to temporal concerns
being minimized or ignored. The state of Flow is often discussed as ‘the zone’ - the
optimal state for learning and intense concentration [9-11] and is a common element
of successful games of all kinds. Over recent decades, many works have discussed the
positive impacts of Flow on learner motivation and therefore learning success [12—16].

Beyond serious games, the concept of Flow is more widely associated with positive-
psychology, a branch of the discipline which focuses on individuals’ and groups’
strengths, growth and contributions as opposed to early branches of psychology which
centered around mental illness. It is within this branch of psychology that leadership,
organizational effectiveness and societal well-being sit and where the bases for effective
leadership development were founded. Across several years and based on Csikszentmi-
halyi’s work, similarities have been drawn between the concepts of Flow and employee
engagement, including clear goals, frequent and effective feedback and balance between
opportunity and capacity [15]. The marrying of these concepts with Flow as an enabler
of employee engagement has come to be known as Flow leadership [16], which is the
central pillar of the knowledge-based learning outcome of the FLIGBY game, as dis-
cussed in the following sections. Currently no other games are designed to teach Flow
leadership and develop the soft skills required for leaders to stimulate Flow experiences
within their teams. Indeed, FLIGBY’s unique contribution is its application of Flow
theory as a learning target, which is in addition to the game’s potential ability to induce
a state of Flow in players as with other immersive serious games.
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2.2 Improving Critical Leadership Skills

Amongst the unique contributions of FLIGBY to leadership pedagogy are the measure-
ment of leadership skills against 29 core leadership competencies, which has led to
the establishment of a vast database of information concerning players’ demographics
and leadership skills profiles. This dataset also provides the relatively unique ability to
demonstrate improvements in those skills between playthroughs at scale. A common
issue in serious games, particularly those aimed at developing ‘soft skills’ is that con-
crete improvements as a result of gameplay can be difficult to demonstrate. This work
provides insight indicating improvement in players’ leadership skills between their first
and second playthroughs, which are also considered more thoroughly is other relevant
works discussing the FLIGBY game [18-21].

3 Presenting FLIGBY: The Flow-Promoting Leadership
Development Serious Game

FLIGBY was designed and created in partnership by Mihaly Csikszentmihalyi,
renowned as the father of positive psychology and Flow theory, with ALEAS Simu-
lations, a serious gaming lab based in California and Central Europe. The leadership
development focus throughout the game is in teaching learners to understand the con-
cept of Flow and apply this within their leadership practice within a business-realistic
setting.

FLIGBY is a video-based learning experience where the player assumes the role
of General Manager of a winery in California and must make 150+ complex decisions
while managing the winery team and strategic direction to ensure the business’s success.
Balance with other conflicting priorities is essential to success within the game and
the winery’s economic viability must be strengthened, while relationships with Turul’s
external stakeholders must also be factored into decision making. For instance, the player
may be presented with a short video clip of two game actors in conflict and the player
is tasked with choosing the most appropriate option. The outcome of this choice is then
played out in via video response as situations progress and a video response follows at
the end of the scene with the player’s in-game advisor Mr. FLIGBY providing tailored
feedback.

The ultimate aim of the game is to win the Spirit of the Wine Award, an in-game
award based on satisfying all elements of FLIGBY’s Triple Scorecard framework. The
player’s success in this endeavour depends on the weighted sum of their decisions’
impacts on corporate atmosphere (60%), profitability (30%) and sustainability (10%).
It is crucial for success in the game that players are able to weigh up the consequences
of their actions on all three areas of the triple scorecard and base their decisions on
the most prudent way to navigate the various conflicting priorities at hand. However,
while the complex decisions made throughout the game and the nature of businesses
mean there are interdependencies between these three factors, it is important to note that
corporate atmosphere is given much more weight than other factors. This is because soft
skills development is the primary functional goal of this game and also as to some extent
profitability and sustainability are consequences rather than causes of business success.
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The game’s plot follows the newly appointed General Manager of Turul Winery in
California, tasked with overseeing the recovery of the business following a downturn
in organizational success and collegiate harmony brought about by the dysfunctional
leadership style of the previous General Manager. A key task is to nurture an environment
which encourages teamwork and promotes Flow, including bringing as many colleagues
as possible into a state of Flow at some point during the game. This also sits within
the context of the player being expected to manage the winery in accordance with
the expectations of the Winery’s owner, Bob Turul. There are many possible paths to
completion of the game and the direction a player takes is dependent on the decisions
they make as they go along.

Figure 1 shows FLIGBY’s dashboard with its Flow Meter, which tracks the player’s
progress in inducing Flow states in their colleagues at the winery and creating/sustaining
a Flow-based corporate culture. After making decisions, players will see the impact of
their decisions on the moods of the Winery staff, mapped against the typical moods
discussed in Flow research. In Fig. 1, it can been seen that the player’s actions have
moved Larry into a state of Flow, while other players remain relatively far away and the
player will need to adjust their approach with these team members in order for them
achieve Flow.

© Profiles
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Fig. 1. FLIGBY’s dashboard with the “Flow Meter” [17]

FLIGBY consists of 23 video scenes which take place during a season (6 months)
at the Turul winery. Few players complete the game in one play-through, although this
is possible; the average (mean) playing time of players who completed is 5.5 h (SD
= 2.71). This is dependent on various other factors such as whether players choose to
restart scenes and time spent exploring the game’s multimedia library of additional Flow
and leadership learning materials.

FLIGBY has been utilized as a teaching tool for several years by members of the
Leadership & Flow Global Research Network and as such as been played by 9,994
unique players to date, ranging from university students and researchers to corporate
training delegates. The vast FLIGBY dataset which sits behind the game contains data
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from 15,642 total playthroughs and includes demographic information as well as scoring
against FLIGBY’s 29 leadership behaviors. On average, players complete the game
1.23 times (SD = 0.64) — although the number of plays varies from 1 play through to
10. There is considerable variability in whether players win the ‘Spirit of the Wine’
award, with 50% of playthroughs that win and 50% that do not. On average, players
opened 26.8% (SD = 27.89) of additional media library entries. This however varies
substantially between 1% and 100% depending on the player and which playthrough
they are undertaking. Of all players to date, 53% were male and 47% were female.
The largest groups of players were ranging in ages from 36 to 49 years (39%) and 26 to
35 years (37%). Some 13% of players were aged 18-25, while 12% of players were aged
50+. Players over the years have represented 138 different countries with the five most
common being the United States of America, followed by Hungary, France, Canada and
then Turkey.

4 Advanced Pedagogical Applications of FLIGBY

4.1 Focus Area 1: Measurement of 29 Leadership Skills

FLIGBY’s Master Analytics Profiler (MAP) system measures the player’s performance
on 29 key leadership skills during gameplay (Fig. 2). Within the 29 skills measured by
the MAP system, 25 are skills widely associated with good business leadership based on
several decades of research. A further 4 skills (balancing skill, feedback, applying per-
sonal strengths and strategic thinking) are emphasized as having additional importance
in generating Flow. FLIGBY’s leadership skillset was distilled by a group of experts
based on and validated in line with a range of widely used existing frameworks [21].
The player, acting as General Manager of Turul Winery is tasked with making deci-
sions based on anywhere from two to five choices, the most and least appropriate of these
having been defined and agreed by two independent expert groups [17]. Most in-game
decisions require more than one of the 29 leadership skills to be used simultaneously,
which is factored into the MAP system’s algorithm and standardized as a percentage
then used for mapping the player’s strengths. A comprehensive leadership skills profile
report is automatically generated for each player upon completion of the game. This
includes the relative strengths and weaknesses of each player’s leadership profile and
is sent individually to each player. Within the report, each skill and group of skills is
benchmarked against the average in the player’s cohort and can be compared to other
benchmark groups as requested, taking into account e.g. industry, age or leadership level.

4.2 Focus Area 2: Diversity of Feedback Types

In addition to the leadership skills profile discussed previously, the player receives a
plethora of continuous and immediate feedback on the impact of their decisions through-
out the game. This takes several forms, the first being the resulting actions which the
player sees played out in the rest of the scene. These consequences may include more,
less, expanded or limited decision options to take forward. In recognition of each time
the player moves a colleague into a Flow state, a Flow trophy is collected. Sustainabil-
ity badges are also earned as the player makes decisions which promote/enhance the
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Fig. 2. 29 key leadership skills measured in FLIGBY’s Master Analytics Profiler (MAP) [17]

environmental sustainability of the Winery’s operations. In addition to being tracked
on the in-game dashboard, both of these mini-achievements also contribute to whether
the player ultimately wins the coveted ‘Spirit of the Wine” Award. Table 1 provides a
summary of the various feedback mechanisms within FLIGBY.

Table 1. Summary of feedback mechanisms in FLIGBY

During the game (instant) | During the game (available After the game (cumulative)
through dashboard)

Sustainability badges Corporate atmosphere score ‘Spirit of the Wine’ Award
achievement

Mr. FLIGBY s instant Profitability index Flashback/debriefing by Mr.

feedback FLIGBY

Flow trophies Flow radar Learner’s individual skills
profile report

Dialogue with virtual Flow trophies Predictive feedback by MAP

characters

Plot surprises Media library Global benchmarking by MAP

The player also receives debrief support and tailored video feedback at the end of
each of the 23 scenes by Mr. FLIGBY, the player’s personal in-game leadership coach
(Fig. 3). In addition, Mr. FLIGBY signposts to alternative courses of action which could
have been taken and the possible effects of those, as well as directing the player to
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appropriate materials in the game’s multimedia library to inform and/or reinforce the
leadership approach taken.

Lo

e

"™Turul Winery

Pay more attention to what people say and the way they say it. '© L=

Fig. 3. Video debrief with Mr. FLIGBY

4.3 Focus Area 3: Skills Development

Within the substantial dataset gathered in the background as players complete the
FLIGBY game sits the potential to explore the dynamics of digital leadership devel-
opment. This continues to be explored to identify trends and development opportunities
for the field. For example, use of FLIGBY has been found to allow players to identify
and distinguish between transactional and transformational leadership styles displayed
by actors in the game, as well as understanding the impact of each based on practice
of applying them in managing a virtual company [18]. Furthermore, in a recent study
Almeida and Buzady [19] supported that FLIGBY can be used successfully to develop
skills in dimensions such as leadership, conflict management, diplomacy and emotional
intelligence. Encouragingly, the researchers found that the number of years of profes-
sional experience students had before completing the game had a significant impact on
their performance in the game, with more prior experience being linked to higher perfor-
mance and less experience being linked to worse in-game performance. This study also
provided validation for the FLIGBY game by presenting feedback from learners which
reported the game to be an authentic representation of the challenges of a real business
environment.

Initial analysis of the average level of competence in each of FLIGBY’s 29 key
leadership skills provides encouraging insight into the efficacy of FLIGBY as a devel-
opmental tool. This analysis found all skills except for two to have improved between
playthrough 1 and playthrough 2. Those two skills which saw a decline were diplomacy
(by 1.06%) and perhaps unsurprisingly regarding players’ second playthrough, infor-
mation gathering (by 1.82%). Table 2 below shows the skills which enjoyed the biggest
improvement (more than 5%) between first and second playthroughs.

These initial findings provide encouraging support for FLIGBY’s efficacy as a lead-
ership development intervention and introduce useful nuances regarding which skills
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Table 2. Skill Improvements from first to second playthrough

Skill Playthrough 1 Playthrough 2 Improvement
Stakeholder 64.08% (SD = 14.66) 72.88% (SD = 15.72) 8.81%
management

Entrepreneurship 66.09% (SD = 11.86) 74.08% (SD = 14.00) 8.00%
(risk-taking)

Future orientation 67.69% (SD - 10.33) 75.29% (SD = 12.75) 7.60%
Time-pressured 58.32% (SD = 11.73) 65.90% (SD = 12.88) 7.58%
decision-making

Recognizing 68.11% (SD = 10.36) 75.54% (SD = 12.61) 7.43%
personal strengths

Empowerment 61.58% (SD = 14.27) 68.08% (SD = 15.42 6.49%
Strategic thinking 63.14% (SD = 10.43) 69.61% (SD = 12.67) 6.47%
Active listening 63.44% (SD = 11.49) 69.82% (SD = 13.74) 6.39%
Balancing skill 64.96% (SD = 10.88) 71.19% (SD = 21.52) 6.23%

may be most effectively developed through playing the game. Data presented here gives
indicative insight into how the game has been played and experienced since its inception;
more statistical data and in-depth analysis can also be found presented in other relevant
publications [18-21].

5 Limitations and Directions of Future Research

This work introduces a demonstrative case study of FLIGBY as a unique pedagogi-
cal tool and in brief discusses encouraging results indicating concrete and measurable
improvements in learners’ soft skills between playthroughs. A limitation of this work is
that it does not investigate these interactions in depth or seek to explain effects. Other
relevant publications are available investigating these effects [18—21] and future research
is also recommended to interrogate and explore the vast dataset containing the results
of the 15,642 total FLIGBY playthroughs which have taken place to date. Within this
investigation are opportunities to complete cross-cultural comparisons between players
from around the world, as well as cross-industry comparison and comparisons based
on other player attributes such as age, gender, current occupation and seniority level.
More longitudinally, further research is recommended to assess whether understanding
of Flow theory gained through playing FLIGBY leads to behavioral change in the work-
place and how this could be linked to organizational success. It is anticipated that this
learning could also be used to develop Flow-based games for other disciplines beyond
leadership, such as sports coaching and mental health promotion.

A limitation of the FLIGBY game itself and surrounding protocol is that it does
not currently include functionality to assess whether players experience a psychological
state of Flow while playing, although players do typically report experiencing Flow
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during gameplay. A direction for future research is to assess players’ Flow experiences
at various points during the game using established Flow scales and semi-structured
interviews. Future iterations of the FLIGBY game would also benefit from functionality
to establish baseline measurements for learners in each of the 29 FLIGBY leadership
skills, in order establish before and after measurements and therefore the success of
developing skills during the game.

Beyond FLIGBY, the authors continue ongoing work to investigate and converge
current and emerging academic thinking regarding serious games, Flow and soft skills
development. This is with the aim of synthesizing an explanatory model outlining the
bases of effective immersive serious games utilizing Flow for enhanced leadership devel-
opment. Investigation into the role of ‘storification’, i.e. use of narrative to engage and
immerse learners [22, 23] as a catalyst for group Flow and the development of socially
constructed realities is also a key recommendation for future investigation.
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Abstract. Serious Games (SGs) offer advantages for learning but yet, their use
in classrooms is still very marginal. The design of SGs by teachers themselves
seems to be a viable solution to develop their use since they are in demand of
training on the subject. However, the creation of SGs ideally involves the close
collaboration of several experts: pedagogical experts (teacher), game designers,
graphic designers and developers for digital SGs. However, schools rarely have
the means to hire such teams and teachers find themselves leading this project
alone. What advice can be given to these teachers? In this paper, we propose the
10 commandments of the SG padawan, based on our experience in training more
than 86 teachers in higher education on the subject and accompanying them in the
creation of 21 digital and non-digital SGs.

Keywords: Serious game - Design method - Gamification - Professional training

1 Introduction

Serious Games (SGs) are games whose purpose is not strictly entertaining. This paper
focuses on SGs for learning that can be used by teachers, from kindergarten [1] to
adult professional training [2]. SGs and gamified courses are particularly good tools to
create engagement and increase motivation [3, 4], but also to learn concepts differently,
through simulations, exploration, experimentation or trial-and-error [5, 6].

Despite an abundance of existing SGs, they rarely correspond to the needs of teachers
and only a very small proportion of these SGs can be modified [7]. Teachers therefore
feel the need to design their own custom SGs. However, SG design ideally involves
several specialists, including an educational expert (e.g. a teacher), a game designer and
a graphic artist. Competent people are also necessary to make the game material or
to develop software in the case of a digital SG. But in reality, schools rarely have the
means to hire such teams and teachers have to carry out this project alone. However, the
SGs we are studying are primarily teaching tools. Therefore, only teachers are essential
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to the design process. Indeed, their pedagogical expertise has been acquired with the
experience of several years of teaching with a given audience. With the right training,
the other skills (game design, graphic design, game material design...) can be partially
acquired, compensated by methods (e.g. in the form of design patterns [8]), tools or
brought by external contributors.

In this article, we present the professional training course Ludifik’action we have
been providing for the past four years and which aims to support teachers in the design
of a custom-made SGs. The lessons learned from this experience are formalized, in the
third part of this article, in the form of 10 guidelines teachers can follow to create their
SG. Each guideline is titled as if Master Yoda said it. We chose this little gamification of
form for three reasons: first, this particular phrasing helps draw attention to the important
words, secondly because the readers of this article will probably be geeks, sensitive to this
type of humor ©); and finally, because it amuses us and an article written by enthusiastic
researchers is bound to be more enjoyable to read. Each principle is then supported by
evidence from the literature and our experience as animators of Ludifik’action. Finally,
two Ludifik’action trainees (Cindy and Thomas) will comment on each guideline with
their perspective.

2 Ludifik’action Training Course

Ludifik’action is a professional course to help French higher-education teachers create
custom-made SGs (digital or not) (examples in Fig. 1). This course teaches them the
basics of game design and puts them in contact with experts who can help them in this
adventure. We have conducted six sessions of this course, with a total of 86 participants.

The infernal (L 7 ’ CSR

ward

Wonder’
Seller

X & —= of 3 i
m \h BLUE DlplomaSEA o Coastal risks at Plonevez

Fig. 1. Examples of Serious Games designed during Ludifik’action
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Ludifik’action has undergone several organizational changes to adapt to the available
human resources and cost constraints imposed by the training centers that managed it.
The complete training program (sessions 3, 4 and 6) is composed of 2 full days of
face-to-face training (3 to 5 months apart) and a personalized follow-up between them.
During the first day, trainees learn the basics of game-based learning theories, practice
modifying existing games into SGs, and discover as many games as possible (the course
itself is gamified). Thanks to a brainstorming session with the trainers, at the end of the
first day, the teachers identify the outlines of their SG and the main game mechanics. The
teachers must then design a first SG prototype, on their own, and test it with students.
They benefit from a half-day of personalized follow-up during which one of the trainers,
comes to their school to test the prototype. This trainer has the role of game designer and
helps them find the right game mechanics to improve their SG. He/she also helps them
organize a test session with students if it has not been done yet. During the final full day
of training, all the trainees test the new SGs and share feedback. They also improve the
SG rules and work on the game material with 3D printers and laser cutters (ideally in a
Fab lab as in sessions 3 and 4).

Table 1 shows, for each session, the different organization (number of trainers, num-
ber of days, follow-up), the profile of trainers and trainees (teacher alone or accom-
panied). G represents a Game designer, P represents a Pedagogical expert (teacher), E
represents a pedagogical Engineer (or other support staff who help teachers set up peda-
gogical innovations) and D represents program Developer. In order to identify the level
of completion of the designed SGs, a score from 0 to 3 was given to them: O indicates
the trainees did not create a SG, 1 means a prototype was created, 2 means the SG was
tested with learners at least once and 3 means the SG was tested and improved (in terms
of game design and game material) and was reused, at least a second time, with learners.
Some teachers carried on creating more SGs after Ludifik’action. This is indicated with
at.

The presented data was collected by questionnaires, sent by email, or with a phone
call when people had not responded. We managed to get a response from all the teams
in sessions 1, 3, 4 and 6. Only 5 trainees from sessions 2 and 5 could not be reached
because they had changed employers. Since no other trainees from these sessions had
created SGs, we considered it highly likely that they had not created any either. In this
paper, we also use some responses to the satisfaction questionnaire sent out immediately
after the training course, to which 52/86 trainees responded.

It should be noted that the session 6 was conducted during the COVID pandemic.
We postponed the second session (several times) so it could be done face-to-face. The
restrictions also made it harder for teachers to test their SGs in class.
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Table 1. Training modalities and designed serious games

Modalities Trainees — Designed SGs - Completion level (0 a 3) - Stats
Trainers : GE | PE Library Game — app to discover the library (follow-up) | 3"
2 days PEE Defy your grammar — past tense in French 3 AVG
+ follow-up P Civilization Timeline — history 1 1,5
I for 2 groups PEE Chatterbox — technical vocabulary in English 2 SD
PD Chimory — chemical transformations app (follow-up) 3 1,4
P 0 MED
P 3 other teachers, by themselves, did not produce SGs 0 1
P 0
2 Trainer : G Px15 15 non-accompanied teachers participated in this 0 0
1 day course, but none of them produced a SG
Trainers : PP Pharma Ludo — bibliographical research 37 | AVG
GEE PPE Question of rights — plagiarism, image rights 3 2,2
2 days PE Once upon a time — written and oral argumentation 3 SD
34 follow-up PE CSR - Corporate Social Responsibility 3 1,3
+ Fab lab PEE Moodle Escape Game — Moodle course gamification 1 MED
PE 0 3
Trainers : PP Coastal risks at Plonevez — coastal management 3" | AVG
GGEE PE BLUE DiplomaSEA — marine biodiversity 1 2,0
2 days P Historia Compta — history of accounting 1 SD
41+ follow-up PEED Escape Cell — web game on photosynthesis 3" 109
+ Fab lab PP GPS — geometric specifications 2" MED
PE Time TP — prepare a chemistry lab session 2 2
Trainer : G Px23 23 non-accompanied teachers participated in this 0
3 1 day course, but none of them produced a SG 0
Trainer : G P Schematic — signal processing diagrams 1 AVG
2 days PPP VocaPro — vocabulary of commerce and sales 1 1,6
6 + follow-up P EscapeEspaceGame — escape game design 2 SD
P The infernal ward — caregivers training 3" 0,9
PE Wonder'Seller — sales 3" | MED
1
G=Game designer, P= Pedagogical expert, E=pedagogical Engineer, D=computer Developer

3 The Ten Commandments of the Serious Game Padawan

Each commandment is commented by two trainees who participated in the last session
of Ludifik’action: Cindy, a commerce teacher accompanied by Thomas, a pedagogical
engineer. They created the game Wonder’Seller (lower left corner of Fig. 1), in which
learners go through all the stages of sales, materialized by Playmobil characters that
move on a board.

3.1 Think Small, You Must

We have observed that almost all teachers start the training course with unattainable
ambitions of grandeur. Some want to turn their entire course into a SG and others
want to recreate commercial digital SGs. Teachers are unfamiliar with the numerous
professions involved in developing a SG, and unless they have the resources to hire such
a multidisciplinary team for a year, they are likely to become exhausted trying to take on
all these roles, and eventually, disappointed with the partial result they have achieved.
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In addition, SGs can be very intense in terms of attention and emotions for learners and
teachers and are therefore not recommended for an entire course.

It is therefore important to start with a very small SG project that can be completed
quickly with the available resources. The process should start with a positive experience
that will reassure teachers and motivate them to continue. Other training courses on SG
design also advocate this approach [9]. The best way to achieve this goal is to identify
a single thing that needs to change. It may be the learners’ behavior or a complex
concept that they have difficulty understanding. This way, the SG will change a part of
the course that is currently not satisfactory and the results can only be positive.

Cindy: “My original intention was to sprinkle fun into my entire course but the
training helped us identify our main problems and the design of a board game, which can
be used at different times of the course, finally seemed more appropriate. Our students are
very difficult to engage in activities. We also perceive a zapping phenomenon, difficulties
in accepting constructive criticism and a great need for recognition. These different
observations led us to embed the important knowledge and skills in a board game. The
learners draw cards with questions related to our educational objectives. If they answer
correctly, the game offers several reward mechanisms such as choosing an outfit or an
accessory to customize their Playmobil character, moving forwards along the path or
literally attaching a ball and chain to another player’s Playmobil pawn to slow them
down. The design of Wonder’Seller allowed me to confirm my intuitions and gave me
the motivation to create two other SGs. It is by moving small stones that we move the
mountain (Chinese proverb).”

3.2 With Other Padawans, Work You Must

Like any type of pedagogical innovation, SG design is very time consuming. It is a
path paved with many obstacles. First, it is necessary to rethink the course and how it
could be improved with game mechanics. Then comes the design and creation of the SG
material which requires the mastery of new software and tools. It is also important to
communicate about the project, especially internally, to be sure it will be well received
by colleagues and management. SGs are still rare in higher education and convincing
arguments must be used to justify the project. It is therefore essential for teachers to be
surrounded by people who can provide, at least, moral support.

Feedback from Ludifik’action (Table 2) shows that teachers who tried to create SGs
alone were 33% (3/9) more likely to abandon, even with a complete training over several
months (sessions 1, 3, 4 and 6). When teachers are accompanied by at least one other
person, the risk of abandoning drops to less than 7% (1/15). In addition, we find that
teachers who are alone just managed to create a prototype (average of 1,16 out of 3) while
those who are accompanied usually manage to finish their SG, test it with learners, and
some even manage to improve and test the SG again (average of 2,3 out of 3, standard
deviation = 1). According to a Parson’s chi-square test, this difference is statistically
significant (p-value = 0.043).

It is therefore recommended to contact universities who offer the services of ped-
agogical engineers to accompany teachers, or team up with other teachers, in order
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to create a group dynamic and share experiences. In the final questionnaire of Ludi-
fik’action, “sharing feedback with other trainees” was the most appreciated aspect of the
course, cited in 22 out of the 52 answers.

Cindy: “Teaching and preparation classes is time consuming and I don’t have time
to adjust my teaching posture and explore new pedagogy. Working with Thomas allowed
us to mutualize pedagogical, technical and human competences. We also exchanged tips
with other teachers, thus enriching each other. In particular, we initiated a collaboration
with three other teachers during Ludifik’action who ended up using an adapted version
of our game in addition to theirs.”

Table 2. Comparison outcome depending on the number of team members

N. team members MIN MAX AVG SD MED Abandonment
Alone 0 2 1,1 1,16 33% (3 out of 9)
Group of 2,3 or 4 0 3 23 0,97 3 7% (1 out of 15)

—_

3.3 With a Master, Succeed You Shall

Olivier (session 4 trainee): “The follow-up pushed us to get the game out, otherwise I
imagine that if we had only done the first session we wouldn’t have gone further!” This
is indeed what happened. None of the trainees in sessions 2 and 5, which consisted of
only the first day, created a SG. This can also be explained by the fact that trainees who
signed up for this single day of training did not necessarily have the intention of creating
a SG. However, during the first session, for which only two local teachers benefited
from the follow-up, the groups without follow-up were 50% (3/6) more likely to drop
out (these were single teachers). This suggests that the follow-up is essential to boost
the creation process. The teachers admitted they had worked hard and slept very little
the week before our visit to make sure they had a presentable SG. Another variable
that seems to increase productivity is the number of trainers. Indeed, the SG completion
scores (Table 1) are highest in sessions with more than 2 trainers (sessions 3 and 4). This
can be explained by the fact that the brainstorming sessions were richer and gave the
teachers more choices to find suitable SG scenarios.

Cindy & Thomas: “SG design is a long and tortuous journey filled with technical
challenges. It is therefore necessary to have an internal dynamic supported by external
actors to gain perspective, feedback and added value. It is also necessary to have a
clear organization with milestones and concise objectives that are easily attainable. By
signing up to this course, we placed ourselves in a project dynamic, benefiting from
methodological contributions of an expert. We realize the importance of her real time
and in situ regulation in order to keep a unique line of conduct. Like a lighthouse in the
middle of a storm (French proverb from the Auvergne region).”
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3.4 In Other Games, Inspiration You Will Find

Commercial games are the product of years of development iterations, player testing, and
improvements. It is therefore in the teachers’ best interest to draw inspiration from exist-
ing games (or parts of them). Several researchers have proposed methods for designing
SGs based on this principle [10, 11]. During Ludifik’action, we ask trainees to modify
existing games into SGs in only 15 min. We use very simple games such as Time Line,
Taggle, Concept and Who am I that can easily be adapted. Children’s versions of games
are particularly interesting because they have very simple rules and can be complexified
with educational content. At the end of the first day, trainees leave with a selection of
games that they can use as inspiration to refine their SG.

Cindy & Thomas: “The construction of our SG was a melting pot of player expe-
riences. The teacher becomes a pedagogical hacker of the game: we reinvest the game
mechanics in our own SG. Ludifik’action gave us the keys to identify the game mechanics
that match the pedagogical objectives and the desired learning environment. It’s like a
recipe: list the available ingredients, identify the important ones, combine them, let it
simmer, taste it as you go along and serve: a table!”.

3.5 Like You, the Game Must Be

When a SG is intended to be used in class, teachers play a central role in facilitating
the game (explicitly if they are game masters or implicitly). The teachers’ positive and
engaging attitude is therefore essential for the SG to run smoothly. Teachers therefore
need to design a game that they are comfortable with.

Cindy: “My role during the game is totally reversed. I become a facilitator, a regu-
lator, even a player, and not a knowledge provider. It was important for me to design a
game universe with a visual identity. The game creates a strong cohesion in the class and
a dynamic throughout the year. I feel it creates a special bond that was co-constructed
and co-maintained: an ecosystem of fertile learning [12].”

3.6 Exploit Your Students, You Can

It is useful to involve learners, from the beginning of the design process, in the choice
of game mechanics and the game world to make sure it appeals to them [13]. They can
also be asked to create parts of the SG during a project. Several studies show the positive
educational effects of asking learners to design their own SGs [14, 15].

Cindy & Thomas: “We involved the learners in several ways. First of all, a student,
with former training in graphic design, offered to redesign the board, cards, logo, and
pictograms. The learners can also add a card about the local company in which they
are doing their apprenticeship or to share an experienced situation. This contributes to
the evolution of the game and allows learners to leave their mark. Finally, the learners
created online surveys and filmed feedback sessions to measure the usefulness of this
new educational device. Involving the learners increase their confidence and involved
them in the development of an educational tool that reflects their image.”
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3.7 Justify the Game Mechanics, You Must

The choice of game mechanics must be made in relation to the pedagogical objectives,
the contexts in which the SG will be used, the learners’ and the teacher’s profiles [8].
Many SG design methods are proposed by researchers [15, 16], but none of them has
full consensus in the community. We tried several of them during our training, but they
remain difficult to use, even for SG specialists, because they rely on complex concepts
that can be interpreted differently. In addition, these methods seemed too cumbersome
and, above all, too long to set up, whereas our objective was precisely to encourage
teachers to start small and light (1% commandment)! There are simpler design methods
for teachers, but for designing a particular type of SG such as educational escape games
[17] but this implies knowing whether this type of game is adapted to the initial needs.
The general rule, found in all methods, is that the choice of each game mechanic should
be justified according to a pedagogical objective. Adding game mechanics that cannot
be justified can generate unnecessary cognitive load for learning [18]. This is especially
important for SGs that will be used in the limited time of a class, and that must therefore
be pedagogically efficient. On the contrary, it may be useful to add extra game mechanics
for SGs that are to be used at home or whenever the students want, to motivate them
to play again. Game mechanics can easily be identified through illustrated lists such as
Marczewski’s [19] or Mecanicards (www.mecanicartes.com). Our experience shows that
it is important that teachers take time to justify the choice of mechanics themselves,
in writing. It helps them build a solid argumentation to support the pedagogical potential
of their SG and defend their project.

Cindy and Thomas: “Placing ourselves in the role of SG designers allowed us to
reflect in depth on the game mechanics to use in order to provide an effective and efficient
experience. Ludifik’action helped us formalize these concepts that we had informally
acquired in our various gaming experiences. We used game mechanics in line with
our pedagogical objectives and our learners: challenges, progression, ranking, avatar
customization and the possibility to play in teams. The game cards also cover the official
program (i.e. make a sale, develop customer loyalty...) and help students practice their
skills by asking them questions related to real situations.”

3.8 Introduce and Debrief After the Game, Necessary It Is

The majority of teachers think that SGs are sufficient on their own, but this is not
necessarily the case. First, teachers must explain why they chose this new form of
pedagogy, while avoiding the word “game”, as this may be associated with commercial
video games and could therefore lead to disappointment. Teachers must also take the
time to list the skills that will be used. If the SG offers an immersive imaginary world
and game scenario, a debriefing phase, after the SG, is also necessary to recall the used
concepts and skills and discuss how they can be applied in other contexts [20].

Cindy: “The game is introduced quickly at the beginning of the course and is very
well received. You can tell that the learners are proud to be involved in the design of
this new device. I don’t do a debriefing because the game refers to real situations. On
the other hand, we have found several ways of using the game for key moments of the
course: in a full 2-h session, in a 30-min focus session, just with the cards to review skills
with the entire class or in battle mode, with a buzzer, in small groups.”
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3.9 Crucial, the Design Is

The pleasure of playing is greatly related to the graphics and the ergonomics of the
game material [8]. Even if it is possible to test SG prototypes with post-its, the design
should not be neglected. The box is one of the central elements, as it is the first contact
with the SG. Placed on the table, the learners will have an irresistible urge to open it,
like Pandora’s Box. Designing a well-proportioned box with compartments is also very
helpful from an organizational standpoint, as it will prompt learners to put the material
away correctly at the end of the game. We encourage teachers to get in touch with a Fab
lab, use box and card templates and purchase game material (e.g. paws, dice, tokens)
from specialized sites.

Cindy & Thomas: “The visual aspect is very important to generate emotions and
engagement. We learned how to use new software such as Nandeck (www.nandeck.com)
to generate the front and back of the cards from a CSV file containing 680 questions. We
also learned how to master a laser cutter and a 3D printer to make a custom dressing
room in which all the pawn, accessories and cards are stored. All this seemed sometimes
tedious but the game was worth the candle (French expression), because we immediately
saw the importance of the material. The wow effect is a real emotional trigger to start
a game in the best conditions.”

3.10 Play, You Will

Most teachers are not gamers. They only remember a few classic games they played
as children (that sometimes left them with bad memories) such as Monopoly, Scrab-
ble or Trivial Pursuit. Yet, thousands of new games are created every year, including
collaborative games that are much more suitable for classroom use. The best way to
understand the tensions, the interactions, the dilemmas and the emotions triggered by
game mechanics is simply to test it in a game. It is therefore essential for teachers to
play. Games are now available in municipal and university libraries. Specializes game
libraries also offer a wide selection of games and advice from enthusiasts.

Cindy & Thomas: “To create a SG, you need to have a culture and experience
of games that allow you to understand and identify the game mechanics that can be
reinvested in an educational context.”

4 Conclusion and Perspectives

For the past four years, we have been giving the Ludifik’action training course to help
teachers design custom SGs. Six sessions of this course were carried out with different
modalities, which allowed us to identify those that seemed to be the most effective. We
express the lessons learned in the form of 10 guidelines. We advise teachers to start with
a very small SG project, with the help of educational engineers or colleagues. We also
urge them to seek help from a game design experts, by enrolling in a training course that
offers personalized follow-up. It is also recommended to draw inspiration from existing
games to design a SG and to involve learners from the very beginning of the project. In
addition, teachers need to design a game that they feel comfortable with in the classroom.
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The choice of game mechanics is particularly crucial since it must suit the teacher who
will be presenting the SG, the learners, the contexts in which the game will be used,
but also the pedagogical objectives to be achieved. We also recall that it is essential to
present the SG to the learners before its use, to facilitate its acceptance, and to set aside
time after the SG, to review the important concepts and acquired skills. In addition, the
design of the game material should not be neglected, as it plays an important role in the
acceptance of the SG, but also in the time it takes to set up and put away the SG. Finally,
teachers are strongly encouraged to play with their families or colleagues to discover
inspiring game mechanics.

Thanks to research on SGs over the last decade, the design of effective SG is pro-
gressively getting easier. However, the human expertise of a game designer still seems to
be essential to choose, in a relevant and efficient way, the game mechanics that compose
a SG. We therefore advocate that this type of profile should be hired by universities and
schools, as support staff for the design of educational innovations. At the same time,
more research needs to be carried out for teachers who do not have the means to contact
such experts. Several solutions are possible, such as the development of simple design
guides for a particular type of SG or authoring tools for teachers to create digital SGs.
Teachers should also disseminate their SG as widely as possible by writing a teacher’s
guide, but also by giving the source files of their SG material so that other teachers can
adapt it to their needs and adopt them.
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Abstract. Mobile learning (mlearning) is a potential option in the teaching pro-
cess of Natural Sciences. Therefore, the aim of this research is to analyze the
perception of high school teachers on the potential integration of mobile learn-
ing based on the use of Microcosmos® 3.0. The results show that teachers are
highly interested in mobile learning, partially know how to use it, despite access
limitations, and are positively willing to train and participate in this new learning
methodology. They admit that there are benefits of Microcosmos® 3.0 for learning
Natural Sciences, especially chemistry, biology, entomology and anatomy; how-
ever, they accept that the challenges are somehow difficult, but can be improved
by its constant use. Likewise, they admit a high level of satisfaction and useful-
ness for the reinforcement of contents and that continuity in the coming years will
depend on the fulfillment of some of the suggestions made. Future studies will
seek a more exhaustive follow-up and will include students as part of the sample.

Keywords: Natural sciences - Mobile learning - Teachers - Hybrid playing -
High school

1 Introduction

Mobile learning (mlearning) is proposed as an alternative for blended learning, combin-
ing technological resources content, networks, flexibility and availability of communi-
cation and teaching [1]. Mobile learning has had a positive impact during the pandemic,
demonstrating the integration of pedagogical strategies as a viable option that has facili-
tated the visualization of content and strengthened communication; however, it has been
shown that its prolonged use has produced technostress, fatigue and reduced interest
in educational games [2]. This indicates that although virtuality with the use of mobile
learning has had multiple benefits, it also evidences important challenges to be addressed,
thus achieving a balance between educational quality and student health.

This is an opportunity to know the hybrid models of mlearning that allow flexible
access to information by balancing virtual activities with face-to-face activities, thus
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promoting a more inclusive and participatory didactic [3]. This mobile hybridization
is exhibited in its application as a tool for teaching mathematics [4, 5], improving the
development of students’ academic performance and cognitive competencies, while at
the same time improving teachers’ skills in the face of Information and Communication
Technologies.

In addition, mobile resources have implied an active and direct introduction in a
place that involves multiple factors, including institutional, ethical, support, evaluation,
administration, interface design, technological and pedagogical factors [6]. The Iudic
element is added to the educational factor, since ludic has served as an integral teaching
tool for the stimulation and formation of competencies and social and intellectual skills
[7].

In fact, games have been imbued in mobile learning, producing greater understanding
of the content, creating a creative environment and in general, positively influencing
learning [8], in such a way that its purpose is qualified with the notion of Mobile game-
based learning, defined as a pedagogical method based on the use of portable technology
that allows immersive learning experiences [9]. Regarding the perception of teachers
about mobile learning in primary school staff is in agreement with the mobile learning
interventions, but they denote it as a future need that should lead to the learning of new
digital didactic skills [10], however in secondary level is low in general, women and group
with more than 15 years of experience showed more positive attitudes towards mobile
learning [11], in addition to the above-mentioned perception of teachers from secondary
education, they agree on the positive value, but emphasize the lack of familiarity in its
use [12].

Its hybrid modality of mobile learning through games has also involved important
benefits, among them, its efficient use for language learning [13], for history and cultural
heritage [14], and for science, technology, engineering and mathematics [15].

Hybrid modality is rarely utilized in Natural Sciences; however, there are cases within
the previous scientific literature oriented towards this subject from the digital modality,
among them, Kidney Rush, a game applied in biology classes for learning the urinary
system [16], an adaptation of Kahoot! to biology classes, thus facilitating learning,
interaction and communication between classmates and teachers [17]. The association
of mobile playful learning with augmented reality is also noted, significantly increasing
the understanding of biodiversity [18]; and finally, it is also observed its implication for
teaching blood circulation, complemented through gamification [19].

This study is original and innovative since it explores the application of the hybrid
modality in mobile learning with playful components. To this end, it delves into the case
of Microcosmos® 3.0® 3.0, a game made by Coworking Startups of the Salesian Poly-
technic University, a venture that was developed over 2 years, which was systematized
as shown below.
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2 Methodology

This is a preliminary study that seeks to know the interest and knowledge of teachers
about hybrid mobile learning coupled with playful components in the field of Natural
Sciences. The general objective is to analyze the perception of high school teachers on
the potential integration of mobile learning based on the use of Microcosmos® 3.0 in the
teaching process. The specific objectives are: 1. To examine the teachers’ apprehension
of the premises of mobile learning; 2. To record the teachers’ evaluation regarding the
suitability of the application of the Microcosmos® 3.0 experience; and finally, 3. To
contrast the first follow-up of the playful experience based on Microcosmos® 3.0 to
reinforce the content in Natural Sciences.

Three phases were established in the methodological process to meet the objectives.
In the first phase, the survey was used as the main data collection tool, organized in two
sections with a total of 28 pre-questions. The first section referred to sociodemographic
data has 6 questions, while the second has 21 questions with 5-level Likert scaling -
totally agree, agree, neither agree nor disagree, disagree, totally disagree - oriented to
knowledge, learning methods, devices, financing and preparation on the use of mobile
learning, leaving an open question on new considerations and proposals from the teacher.

The survey has obtained a construct validation from Yusri, Goodwin and Mooney
(2015) [20] applied in Indonesia. Although 7 years have passed since its first use, the
pandemic has made it available as an alternative for the learning process in Ecuador [21].
The survey was applied between February 10 and March 25, 2022 to a non-probabilistic
sample of 85 High School teachers living in Azuay, Ecuador. The information collected
was coded using Excel, leading to the next phase.

For the second phase, a specialized workshop was held for Natural Science teachers
from local schools on the use and management of Microcosmos® 3.0. It is worth men-
tioning that Microcosmos® 3.0 is defined as a social enterprise developed by Coworking
Startups of the Salesian Polytechnic University and Sociedad de Divulgacién Cientifica
Quinto Pilar; and it is a mobile application used with 50x optical zoom lens adapted to
the cell phone camera, complemented with a glass slide and coverslip, a dropper with
distilled water and a user’s guide with fun challenges [22].

This training was carried out for 3 h on April 26, 2022 with the participation of 8 high
school teachers to present Microcosmos® 3.0, addressing the functionality of the device
and testing different challenges that the students would later use. The 10 challenges
proposed were aimed at capturing images, i.e., 3 photos for beginners: tissue, skin and
species; 4 photos for intermediate level: feathers, leaves and flowers; and 3 photos for
advanced level: liquids, fruits and insects. These challenges were done by the teachers
for a later use in the classroom.

At the end of the training, an in-depth interview was conducted with the participants.
This data collection instrument consisted of 5 open-ended questions regarding their
experience, vision and possible applicability (Fig. 1).
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Fig. 1. Picture of Microcosmos® 3.0

The last and third phase of the process is conducted as a pilot test for teachers on
their autonomous management to understand satisfaction, reinforcement and continuity
for the next school year. For this purpose, an open face-to-face interview was also held
with the 8 teachers participating in the training. The interview consisted of 5 questions
applied on May 16, 2022 at “La Asuncién” School in Cuenca, Ecuador, and answers
were coded descriptively, allowing a glimpse on the use of Microcosmos® 3.0 in the
classroom. Some challenges.

3 Results

3.1 Mobile Learning Premises of Teachers

According to the sociodemographic data reflected in the survey (n = 85), 58 (68.2%)
were women and 27 (31.8%) were men. In terms of age, 43 (40%) respondents were
between 41-50 years old; 29 (34.1%) were between 31 and 40 years old; 11 (12.9%)
were between 51-60 years old; 8 (9.4%) were between 21-30 years old; and 3 (3.5%)
were over 60 years old. Regarding the highest educational degree, 48 (57.1%) have a
master’s degree; 33 (39.3%) have a bachelor’s degree; 2 (2.4%) do not have a degree
and one (1.2%) has a PhD. With respect to educational experience, the data is almost
equally distributed with 23.5% between 15-21 years; 20% between 0-7 years; 18.8%
between 8—14 years; 17.6% between 22-28 years; 12.9% between 12—14 years; and
7.1% between 29-35 years. Regarding the sociodemographic information, the subjects
taught in High School are distributed as: natural sciences have 31 (36.4%) teachers;
physical education, social sciences and English have 10 teachers (11.8%); mathematics
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and language and literature have 9 (10.6%) teachers, and finally, cultural and artistic
education have 6 (7%) teachers.

Regarding the specific section referring to the premises of perception connected to
mobile learning, first of all, the level of knowledge teachers have of this pedagogical
method is evaluated, evidenced in 5 questions. In the first one, the majority 68.3% -
58/85 of teachers know what mobile learning is; in turn, 82/85 teachers are willing to
knowing more about its application strategies in the classroom; 72/85 teachers describe
it as beneficial for the professional development of their students. In addition, teachers
agree and strongly agree regarding its ease of use (56.5%) and time savings (64.7%).

Contrary to the willingness of teachers to learn and apply this technology, there is
some hesitation regarding the preference for conventional learning over mobile learning,
with 48.2% of teachers indicating neither agreement nor disagreement, but mostly in
favor of conventional learning (34.2%) over mobile learning (17.6%). However, facing
this dichotomy, mobile learning is seen as an alternative for the future, with 64.7% of
teachers agreeing.

At the same time, the interest of teachers in learning about mobile learning in work-
shops, courses and training seminars in both online and face-to-face modalities was also
assessed. A total of 75.3% agree with receiving this training online, while 68.2% would
like to receive it in person. This information suggests that teachers are seeking to take
advantage of the situation to know more about this methodology.

Regarding the potential problems that may arise when using mobile learning, two
indicators are established: technological and financial. Regarding the first indicator,
teachers admit that they do not know how to use the cell phone properly (82.4%);
therefore, it will be difficult to use it for mobile learning; they also consider that the
cell phone they currently have does not have the capacity, speed or enough applications
for the teaching-learning process (37.7%). Regarding the second indicator, which is
connected to the financial one, only 36.5% agree to buy a new cell phone and pay for
applications related to mobile learning; meanwhile, there is also some resistance to
expand the Internet plan, 49.4% would not do so.

The last section of this questionnaire evidences the preparation and participation of
teachers in mobile learning. In summary, there are nuances between both. Teachers want
to participate (68.2%) but do not feel fully prepared to offer quality education (54.1%),
this assertion shows some uncertainty about the limitations such as the responsible and
practical management of mobile phones; the lack of money for buying the device; the
lack of full internet coverage in areas of Ecuador; and the negative effect on health.

3.2 Application Suitability of the Microcosmos® 3.0 Experience

Understanding the different perceptions and comments observed in the questionnaire
applied to teachers regarding mobile learning, an adapted training on this type of learning
Microcosmos® 3.0 was carried out, where the main characteristic is the hybridization
process between the face-to-face modality with the online modality in the teaching-
learning process, presenting below a summary of the experience, suitability and possible
applicability by 8 High School teachers interviewed (Fig. 2).
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Fig. 2. High school teacher using Microcosmos® 3.0 during training.

First of all, the learning experience related to Microcosmos® 3.0 was taken into
account, being valued as excellent and good, specifying it as a useful, playful tool that
helps to learn science. One of the teachers emphasizes its practicality, which helps to
magnify structures of living and inert beings, improving the understanding and analysis
of the students.

The teachers then participated in the extra challenges, allowing them to learn about
the difficulties they had when using them. Half of the participants were only able to com-
plete the medium level challenges, due to problems in focusing the camera, accuracy,
lack of pulse and time. All of them admitted that the experience can be applied to the
subjects they teach, particularly chemistry, biology, entomology and anatomy, including
topics such as the study of invertebrates, fungi, solid compounds, mineral structures,
molecular geometries, morphology and physiology. Complementing the information,
they were consulted about improvements of Microcosmos® 3.0, in which the teachers
responded that the device should be made of a fragile clip material, should include illu-
mination and access to more workshops that specialize in its application, or, audiovisual
instructional material.

3.3 Follow-Up of the Playful Experience Based on Microcosmos® 3.0 to Reinforce
Learning in Natural Sciences

In this last phase, the teachers had 20 days to experiment autonomously the playful
experience with their group of students. It should be mentioned that since this is an
exploratory proposal, this research focused only on the teachers and on the first follow-
up out of 5 follow-ups proposed between 2022-2023 that would give continuity to the
project.

Going back to the results of this first follow-up with the 8 teachers participating
in the training, 123 Microcosmos® 3.0 were donated, of which 78 were given to high
school students belonging to “La Asuncién” School in Cuenca, Ecuador; the rest will be
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distributed in the next courses. The results obtained from the interviews focused on the
satisfaction, reinforcement and continuity of its use, showed the following information:

1. During 20 days of experimentation by teachers, Microcos-mos® 3.0 was used on an
average of 6 days; however, it was applied only in one class with students.

2. The level of satisfaction was high. It is estimated that 6/8 teachers are satisfied with
the possible applicability in Natural Sciences.

3. They consider that it can be used to reinforce classroom learning, especially for direct
observation of species; it provides creativity and development of soft skills; identi-
fication of structures; active learning and a partial substitution of the microscope in
some activities.

4. Only half of the teachers admit that they could apply it in the next term. In order to
apply it, they mention that the quality of the device’s material must be improved and
a strategy must be found so that students do not lose the device.

In short, this third phase shows that most teachers are satisfied with Microcosmos®
3.0, and consider a series of advantages regarding its application in the classroom.
However, for its use, changes should be made to improve the material of the device,
increase the magnifying glass, and add an striking color, basically, interaction needs to
be remodeled.

4 Conclusions

After reviewing the three phases established in the methodological procedure, which
correspond to the three objectives, it can be summarized that in the first objective, teachers
have a high interest in mobile learning, partial knowledge, but still prefer conventional
learning. Despite this, they are willing to being trained and to learn and participate in
this new learning methodology.

Regarding the second specific objective, they understand the multiple benefits of
Microcosmos® 3.0 for learning Natural Sciences, particularly chemistry, biology, ento-
mology and anatomy; however, they accept that the challenges posed contain a certain
level of difficulty and that it takes time to internalize the use.

Lastly, the third specific objective, which involves satisfaction, reinforcement and
continuity of the use of Microcosmos® 3.0 by teachers, indicates that although it supports
the observation of fine structures through an alternative experience, its use will depend
on the changes to be made in the device.

Overall, some factors that hindered the use of Microcosmos 3.0 were lack of
familiarity with the device and time to develop the play experience.

To conclude, there are different limitations in this study, among them, the short time
for its implementation, the initial resistance to implement new teaching-learning method-
ologies and the lack of knowledge about mobile learning; therefore, future research must
include the students’ perception of the device; incorporate online games connected to
the experience through platforms such as Genially; provide information from the 4
remaining follow-ups; and improve the properties of the device.
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Abstract. Soft skills, such as communication and collaboration are seen as essen-
tial for professional life. In formal education, soft skills are still underrepresented
as learning objectives. To strengthen soft skills in higher education, we devel-
oped a course for undergraduate students in civil engineering. The course works
with generic tasks provided by the commercial massively multiplayer online game
EVE Online. The overarching research question is, to what extent the course actu-
ally trains soft skills. After first promising pilot evaluations, 22 autoethnographic
essays, which the participants completed as a final assignment at the end of the
course, are subject to a qualitative analysis in this study. In particular, aspects of
learning, motivation, and didactic design are examined. The results confirm the
findings of the pilot evaluations, in particular the development of soft skills was
confirmed by the participants. Regarding motivation, it was surprising that the
essays argued less with fun than with benefits for later professional life. In the
context of didactic design, the suitability of the game EVE Online was questioned
due to its great complexity. Also critical for the success of the course is the lack of
confidence of the participants as well as their social environment in the learning
effectiveness of games. Overall, this study thus provides guidance for the further
development of the course including additional evaluations, which could make the
course a broadly deployable learning scenario for soft skills training.

Keywords: EVE online - 215¢ century skills - Meta skills - Qualitative analysis -
Learning

1 Introduction

In times of fast technological development, soft skills are considered increasingly impor-
tant in the workplace (e.g. [1, 2]). Employers are calling for enhanced proficiency of
soft skills from graduates to be recruited [3]. Although the term is commonly used,
there is currently no commonly accepted definition for the term soft skills [4]. Since
a broad definition appears to be sufficient for the purposes of this study, soft skills are
considered here to be skills beyond domain-specific knowledge [5]. Although partially
defined differently, soft skills are also referred to as meta skills or 215 century skills.
Domain-specific knowledge is also known as hard skills [5].
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It is argued that teaching soft skills is much more challenging than teaching hard
skills [6]. Nonetheless, prerequisites for effective training are described, such as planned
sets of activities that require active action, that are focused and explicitly address soft
skills [6]. Overall, there is a need for evidence-based learning activities for soft skills
training [7].

One approach to soft skills training is digital games. Schrier describes an early exam-
ple of a dedicated location-based AR game used to train soft skills [8]. Using the game
Minecraft and a specially developed software module, collaboration and teamwork skills
could be trained [9]. Qian and Clark [10] documented in their genre review on games
training soft skills, game elements and learning theories. As a result, the review con-
firms the effectiveness of game-based approaches and certifies in particular design-based
games, i.e., games that focus on design activities, an enhanced learning effectiveness.
Massively multiplayer online games (MMOG) are considered a specific game genre that
is highly conducive to soft skills training [11]. In their review, Sourmelis et al. [12] find
evidence for the effectiveness of MMOGs regarding soft skill training. However, they
note at the same time that the state of knowledge is not yet complete and, for example,
there are no studies regarding the soft skills creativity and innovation.

In the run-up to this study, we did not find any courses that use an MMOG to pro-
mote soft skills. Accordingly, the transfer of the encouraging findings outlined above
into practice seems to be constrained. This contradiction informed our motivation to
implement and evaluate a course using the MMOG EVE Online (CCP, 2012) in civil
engineering study courses. Although in different studies the learning effectiveness and
the learning potential of EVE Online could be revealed [18-20], with this study we aim
at providing a methodological addition to already conducted studies with an autoethno-
graphic perspective, to review the consistency of the results with the previous findings
and, if necessary, to identify aspects that have not been considered so far. To this end,
the study presented below analyzes autoethnographic essays from participants in the
course. Aims of the analysis are in particular statements of the participants regarding
the assessment of possible learning outcomes, the motivational situation and possible
improvement requests of the didactical design.

2 Methodology

In the following, we first present the MMOG EVE Online used and the course as a
learning scenario as well as the research methods used.

2.1 EVE Online

EVE Online was released back in 2003 and at its peak had up to 500,000 subscribers,
it currently uses a free-to-play model [13]. EVE Online is considered a complex game
that is difficult to learn [14] and that is not inviting to all groups of players [13]. It is also
noteworthy that the virtual world EVE Online interacts with the real world in multiple
dimensions and is also therefore of interest for frequent accompanying research, such as
social science [15]. Accordingly, Hooper [16] examines the distribution of wealth and
finds that wealth is linked to playing time, but not to date of enrollment. Taylor et al.
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argue that intangible labor supports the amassment of wealth, both for other players and
the production company, as well as the digital economy [17]. Referring to the soft skills
learning scenario presented here, some evaluation results have already been reported. In
this way, it could be shown that soft skills are promoted with the help of EVE Online
[18]. Likewise, it seems to be possible to train communication in construction projects
generically through EVE Online [19]. Yet another evaluation [20] provides evidence
that the prior training of soft skills using EVE Online is capable of mitigating deficits of
professional knowledge in Building Information Modeling work processes.

2.2 Learning Scenario

The participants of the study were 22 students of the course, called Virtulng, from
a total of four cohorts of consecutive semesters from summer semester 2020 to winter
semester 2021/2022. The course is delivered completely online as a one-semester elective
course worth 3 ECTS credits and is offered jointly in the bachelor study courses of civil
engineering at two higher education institutions (HEI). The learning objective of the
course is generally the training of soft skills using the MMOG EVE Online. The course
takes place over 15 weeks and has two 90-min sessions per week—one theory session and
one practical session. In the theory session, on the one hand, the theoretical basics of soft
skills are taught, for example through presentations about seminal papers regarding soft
skills, game studies, and specifically EVE Online, and on the other hand, strategic game
supervision, such as the self-evaluation of game preferences via the Bartle test [21], is
carried out. In the practice sessions, free play occurs in which participants discuss game
objectives and are guided mostly by a student tutor. Both theory and practice sessions
are supported via the Discord communication platform. The course is run by a lecturer
and one or more student tutors, who support the participants with their knowledge of the
game, especially in the practice sessions. There are four phases over the course of the
semester: In the short initial phase, the basics of EVE Online are covered. In an equally
short goal-setting phase, the participants come together in groups that specialize together
in EVE Online on work goals such as resource mining, manufacturing, exploration or
combat. In the third work phase, which comprises two-thirds of the semester, the goals
are pursued in the game, while also collaborating with other groups. A short final phase
summarizes and reflects on the results achieved.

Students are assessed for their final grade by micrograding the various learning activ-
ities, such as preparation of papers, attendance, or completion of assignments, such as the
weekly quantum of course-specific questions asked and questions answered in PeerWise
[22]. The micrograding method used here [23] allows students to gain points throughout
the course. Micrograding is conducted using the Moodle learning management system
[24]. By awarding more than 100% of the points in total, students can also decide which
learning activities they participate in. Furthermore, at one of the participating HEISs, the
grade of “pass” is granted upon achieving 50% of the points. Although open micrograd-
ing has not caused participants to abruptly stop working when this threshold is reached,
essays were often not turned in when the 50% was reached. With the essay, 30% of the
points could be achieved. Furthermore, a video could be handed in instead of the essay.
These two limitations resulted in a total of 22 essays from the 35 students in the four
cohorts.
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2.3 Data Collection

The essays were to be written on the topic of training soft skills in EVE Online and were
to be prepared by an activity diary, which the participants keep independently during the
entire course. Guiding questions for the activity diary and thus the essays include What
activities did I do? Did I learn? What did I learn? Which activities did I learn through?
What emotions did I feel and when ? Participants were given a brief (30 min) introduction
to the autoethnography method [25] and were always welcome to pose questions about
the method of autoethnography during the course. The two first authors were among the
participants, while the other two authors served as lecturers. A total of 22 essays over
four semesters, averaging 1500 words, were subjected to qualitative content analysis
[26] by the three first authors. Commonly, the focus topics were determined. Consensus
was reached when ratings differed.

3 Results

A total of 6 thematic clusters emerged from the qualitative content analysis. Based on
the three research questions, the cluster Learning, Motivation and Didactic Design could
be developed. A dominant aspect of the didactic design is the appropriateness of EVE
Online in this learning scenario. Furthermore, the clusters Transfer into Professional
Life, Game-based Learning and Summarizing Perspective were formed. In the following
summarizing and excerpting description of the clusters, quotations are attributed to the
participant (P1-P22).

3.1 Learning

All essays confirmed, at least partially, that learning had taken place. A wide variety of
learning outcomes related to soft skills were mentioned: The 4C skills [27] were men-
tioned often: Collaboration (“Working together to achieve a large goal was important,
achieving it alone would not have been possible.”, P19), Communication ( “Although we
did not always agree strategically, there was friendly and respectful interaction among
us.”, P2), Creativity, and Critical Thinking. Further soft skills occurring in respective
taxonomies, such as [28]: problem-solving skills, social skills, such as conflict-solving
skills, and leadership skills were named as well. Furthermore, individual terms relating
to soft skills were also used, such as planning skills, maximizing efficiency, consci-
entiousness, dialogue and cooperation skills, information management, understanding
professional hierarchies, self-reflection, and autonomy. Through the use of third-party
tools from the EVE Online ecosystem, technical literacy skills were also identified as a
learning outcome. Resilience, i.e., not being discouraged by failure, was also mentioned
as a learning outcome: “I was always mentally prepared for failure. [...] Also, I think
I am better able to adapt to failure. If I fail more often in the future, I can confidently
deal with those setbacks calmly.” (P22). Reflecting on one’s own strengths and weak-
nesses was also among the learning outcomes (“Based on the weaknesses I identified
[...], it was clear to me that the role of team leader or guardian of the group exceeds my
competencies, which is why I brought my skills to bear in the mining operation”, P11).
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Likewise, the Bartle test that was conducted initially was referred to several times as
a reason for decisions. Other learning outcomes besides soft skills mentioned included
language skills and proficiency in marketplaces, as well as, of course, detailed knowledge
of EVE Online.

3.2 Didactic Design

Overall, EVE Online is considered suitable for achieving the learning objectives (e.g.,
“EVE Online is [...] well suited for learning skills that an engineer might also use
outside of the game”, PS and “EVE Online has made me think about the aspects of soft
skills”, P9). The complexity of EVE Online without providing a comprehensive tutorial
is mentioned often, the game requires major efforts to be learned (“The depth of the
game with its numerous settings, customization, and skill functions becomes apparent
to the player only after an introductory phase and can sometimes be intimidating”, P3).
Some participants expressed that they almost dropped out of the course due to frustrating
experiences in the initial phase - and interestingly, were kept from dropping out by fellow
students (“So we had moments of frustration and lack of understanding throughout the
module that were really intense and then the others had to get you out of them so that
you continue with the module”, P21). Some participants suggest other games, such as
Minecraft, as more suitable. From a didactic perspective, some essays made critical
remarks about the lack of focus on specific soft skills, but rather that participants only
became aware retrospectively of what exactly had been learned. The exclusively online
delivery of the course, which was triggered by the COVID epidemic, was seen as critical
a few times (“The online format has for me its challenges in the direct interpersonal
communication of all participants. For example, dialog/cooperation skills, language
skills and conflict handling skills cannot be developed to their full potential.”, P9).

3.3 Motivation

The seldom mention of fun was unexpected. Only in a few essays the word “fun” has
been used (e.g., “[...] the fun of gaming is a good motivation to improve one’ s skills”,
P13). Rather, usefulness for the future professional life was mentioned frequently as
a motivation. Interestingly, the word “motivation” was not used in most of the essays.
However, there were also statements that the practice sessions, in which games were
played, were more fun than the theory sessions, which were perceived as more tedious.
The organization of the participants into groups with the self-imposed goals was per-
ceived as detrimental to the fun, while other participants expressed great satisfaction in
having achieved the self-chosen goals, especially in the group.

Also noticeable was that the use of a game as a learning tool was not regarded
particularly seriously by some participants in terms of potentially achievable learning
goals. On the other hand, some of the participants emphasized that learning goals could be
achieved with a game, whether based on their previous experiences, or even as a result of
this course. Overall, the motivational situation does not seem to be clearly determinable:
some participants appeared to be more intrinsically motivated by the game, while other
participants focused on the achievable transfer results.
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3.4 Transfer into Professional Life

A frequent subject was the transfer of what was learned to professional life. Here, the
benefit of the game as a protected experimental space was seen (“making the mistakes
online [is] the first step to avoid them in the real world”, P10). It was also explained
that the group-based play involving various specialists—for example, in joint mining,
miners were needed for mining, industrialists for transport, explorers for finding the
mining sites and fighters for protecting the group—is an analogy to the division of
tasks in working life. The command structures during this mining operation with one
or more leaders also represented an analogy to professional life. Communication was
also compared to professional life: short and concise in stressful situations, such as in
the case of an attack in EVE Online, or detailed during technical explanations within
the group. The various spaceships and their equipment were also seen in analogy to
construction life, where a wide variety of machines are used. There was consensus that
the many skills required are also important in professional life (“EVE Online is a game
in which skills are passively and actively promoted that are otherwise only encountered
in the professional life environment.”, P4).

3.5 Game-Based Learning

Some participants fundamentally doubted the capability of learning using games. They
saw a contradiction between playing and learning. The perception of an activity as
strenuous is seen as a prerequisite for learning in some cases (“the game sessions hardly
feltlike alearning experience”, P20). Even if participants are convinced of the usefulness
of the game, there still remains the social environment, such as family and friends, who
doubt the value of the setting in terms of learning outcomes. However, there were also
statements that after detailed explanations, it was possible to achieve understanding
for the course in the social environment. The lack of acceptance by the participants,
which is confirmed by their social environment, is likely to reduce the effectiveness
of the course. Another frequently mentioned criticism was the high amount of time
required for the course. Despite the supposed game character, the activities required
for the course were largely seen as work. However, there were also participants who
appreciated the motivating effect of the game, especially in comparison to conventional
courses (“Compared to other courses, the tendency is clearly evident that more time is
invested as soon as the motivation arises. [... ] ultimately this course is dependent on the
enthusiasm of the students and the motivation they bring with them”, P10).

3.6 Summarizing Statements

The course is seen as an unusual learning method, which is by all participants credited
with learning outcomes. Many participants would recommend the course to others;
no one opposed recommending it to others. Of the interdisciplinary skills mentioned,
communication ( “[...] the trend of digital work is increasingly strengthening, so this
game offers the opportunity to practice communication skills in a virtual world”, P11)
and collaboration (“In this virtual environment, sound teamwork guarantees success, not
the individual excellence of a player.”, P7) during the game are highlighted as success
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factors. The closeness to activities typical for professional life is confirmed ( “Compared
to other group work in the university, this group work is closer to the group work
that occurs in the profession and can mirror a group work in later professional life”,
P16). Overall, positive evaluations of both learning outcomes and helpfulness for future
professional life are expressed in all essays.

4 Discussion

Overall, the essays draw a positive picture of employing EVE Online in a course to
develop soft skills. However, there are some findings that need to be evaluated further.
For example, the essays were part of the final assignment of the course, which was
graded. Although it was announced beforehand that a critical reflection should take
place, it cannot be excluded that there is a bias towards positive statements in the essays
not to endanger good grades. That not all aspects of the course were addressed by
the essays could be concluded by a comparison with the contents of semi-structured
interviews carried out with two cohorts previously [18]. For example, some participants
had pointed out that the technical environment consisting of several systems (EVE Online,
Discord, PeerWise, and Moodle) was sometimes very confusing. This finding was not
evident in the essays. Likewise, the micrograding was criticized in the interviews as
partly confusing, but not mentioned in the essays. Only EVE Online itself was doubted
as an environment for this course due to its complexity. To what extent these statements
are to be credited or whether EVE Online keeps the participants in a corridor between
overstrain and boredom that is conducive to learning remains to be investigated. However,
it is noteworthy that the dropout rate after the first two sessions was very low. We are
inclined to consider the low dropout rate as an indication of pleasant demandingness.
Further studies, such as a comparison with the proposed game Minecraft, are suggested
as well.

One challenge for the learning scenario described is the participants’ confidence in
the learning effectiveness of the scenario. Some essays revealed that the motivation to
participate in this course stemmed from the novelty of the scenario combined with the
utilization of an entertainment game, but less from the conviction that actual learning
outcomes could be achieved. In the case where participants are convinced of actual
learning outcomes, the social environment consisting of family and friends is another
barrier to actual appreciation of such a course. An indication for the lower appreciation
of games in learning contexts arises from a survey of the first two cohorts, in which
less “a computer game” than a “virtual environment” [18] was credited with learning
successes, although the same context was addressed in the corresponding questions.
Building confidence among participants in the actual learning effectiveness of the course
will require further robust evaluations.

The learning goal of the course is soft skills in general. Accordingly, some partici-
pants missed clear learning goals. Therefore, it might be beneficial to emphasize specific
soft skills, such as communication and cooperation, as learning goals. From a didactic
perspective, the learning scenario could either be left unchanged—giving a formal learn-
ing goal for all those who miss concrete goals. Other soft skills, not explicitly declared
as learning goals, would then be developed as a by-product. Alternatively, specific game



An Autoethnographic Perspective on Teaching Soft Skills 93

tasks could be highlighted in the course that are particularly conducive to certain soft
skills, such as leadership or communication. However, such guidance might further limit
the fun. Nevertheless, further reduced fun may be tolerable, since fun is not among the
main motivations of the participants. The same limitation applies when tasks are defined
for reasons of focusing the course on specific learning goals.

5 Conclusions

Soft skills are considered important for professional life, but rarely included in the learn-
ing goals in formal higher education. Massively multiplayer online games (MMOGs)
are considered viable learning tools for soft skills development that, to our knowledge,
is not regularly used in formal higher education. Accordingly, this study investigated a
course using the MMOG EVE Online as a learning tool to promote soft skills in civil
engineering courses. The results of the analysis of autoethnographic essays from 22 par-
ticipants showed—mostly in accordance with findings of previous studies—that various
soft skills were developed through the course, with communication and collaboration
being given predominant importance by the participants. Most participants were found
to have an affinity for computer games, which then motivated their participation in the
elective course. However, the transfer of the learning results into the future professional
life proved to be at least as important a motivation. With regard to the didactic design,
the difficult entrance into EVE Online was pointed out and it was suggested to use games
that are easier to start. Overall, the essays presented a positive picture of the learning
scenario, but the attitude towards games in teaching was seen as challenging, as some
participants as well as the social environment of the participants attributed insufficient
learning potential to them. For a lasting use in education, in addition to specific learning
scenarios for the selective development of particular soft skills, the social acceptance of
games as a learning tool needs to be worked on in particular. Overall, this study thus
provides guidance for the further development of the course including additional eval-
uations, which could make the course a broadly deployable learning scenario for soft
skills training.
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Abstract. Game-based learning is becoming increasingly prevalent in higher
education as it fosters critical thinking, creative problem solving, and ensures
cognitive development and social learning. This paper presents findings from a
study to understand whether serious games can be effective in communicating
concepts related to magmatic processes. We developed a serious game “Magma
Pop” for use in an undergraduate geology classroom. The goal was to create an
engaging experience to reinforce factual knowledge on mineral formulae and con-
ceptual understanding of the fractional crystallization process to clarify the link
between changing temperatures and magma and mineral composition. Students’
game experience was evaluated during an in-class activity followed by an online
survey. We found that despite a few technical glitches, the game concept and
user experience were positively rated by students. The proposed game was well
received and has now been integrated as a regular component of the course.

Keywords: Game-based learning - Educational tools - Serious games - Magma -
Minerals - Fractional crystallization - Volcano

1 Introduction

In 2018, video games became the most prominent entertainment activity, overtaking TV
and generating more revenue than the cinemas and digital music industries together [1].
While the video game industry is mostly focused on games for entertainment, currently
there is a burgeoning trend to use the potential of games for educational purposes. This
is evident in the annual growth of the educational games industry, which is twice as fast
as that of the entertainment industry [2]. Game-based learning is becoming increasingly
prevalent in higher education as it can foster critical thinking, and creative problem
solving and ensures cognitive development and social learning [3]. Locally situated
serious games are particularly useful when it comes to disaster preparedness as they can
enable learners to gain an understanding of complex topics and decision-making that
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can translate into real world preparedness [4]. As such, the development of games that
can be used for disaster education warrants some research.

However, the development of serious games is different from those developed for
entertainment. Entertaining games need to be engaging for the player and the focus of
development is on the player’s experience within the game world. Game mechanics
are thus designed to support game dynamics (i.e., player behavior within the game)
that can elicit the desired experience (often summarized as “finding the fun”). In non-
entertainment serious games (such as educational, corporate and healthcare games) [5, 6],
however, the goal is to affect the player beyond the virtual world by fostering meaningful
experiences for players that persist beyond their experience in the video game world [6].
When such games are based on realistic models of real-world situations and events, they
can provide immediate feedback on the decisions and actions of players [6].

Serious (educational) games must be engaging as well as effective to elicit the desired
real-world improvement of the player, while also addressing the engagement aspect.
Therefore, educational games must follow a rigorous design process and evaluation
[7]. In this paper, we explain the learning outcomes and teaching activities that support
students’ learning in the Magma Pop game and evaluate the experience of the students
after they played the game. We discuss this, together with a range of specifically selected
game design elements to support engagement and the structure of our educational game.

1.1 Serious Games as Educational Tools in Classroom Settings: Magma Pop
Development

One of the most common definitions of gamification is provided by Deterding et al.
[8] who defined gamification as “the application of game-design elements and game
principles in non-game contexts”. Several reviews have highlighted how different fields
all contribute to how we research and understand serious games. For example, more
motivation and increased learning has been widely reported [9]. However, it is also
important to note there are technological and structural challenges to align gamification
into traditional classroom settings and to balance fun and playability with learning [9].

There is some evidence suggesting that serious games can be leveraged to help
students learn complex concepts in university classroom settings. For example, a mixed
reality learning application was successfully used in science [10]. It allowed students to
explore different material science concepts in 3D using a mobile device. The gamified
application was integrated into the overall learning structure of the course as part of a
practical lab session. The evaluation showed that students positively accepted the app
and agreed that the app helped them to understand the topic and theoretical knowledge
better.
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Due to New Zealand’s location at the boundary of the Australian and the Pacific
tectonic plates, it is exposed to several hazards such as volcanic eruptions, earthquakes,
tsunamis, floods and landslides [11]. Games have emerged as effective tools to foster
understanding of physical processes related to Earth Science and natural disasters [12—
17]. Volcanic eruptions are driven by the magma chamber processes beneath them. An
improved understanding of these processes (can aid general Earth Science knowledge
hazard understanding and eventual mitigation [16, 18]. Here, we present a serious game,
Magma Pop, that was designed to support intermediate level geochemistry, igneous
petrology and volcanology undergraduate geology classroom.

The idea of Magma Pop was started by a student as a follow up of a University
Geology lab exercise where students use different colored M&M chocolates to under-
stand concepts around crystallization of magma in a magma chamber [19]. The idea
was supported by the geology course instructors who thought the game could provide
an innovative and entertaining way to reinforce the concepts taught in the undergrad-
uate geology course. Magma Pop aims to build on the goals of the M&M lab exercise
to improve students’ (1) knowledge of fractional crystallization and its importance in
generating variable (igneous) rock compositions and (2) understanding of the interplay
between temperature and changing composition of magma.

The learning content of the game relates to increasing factual knowledge (e.g., details
about fractional crystallization) and conceptual understanding (e.g., understanding the
link between the temperature, crystallization, and composition). Hence, reinforced learn-
ing due to repetition (for fractional crystallization) and exploration (magmatic differen-
tiation) were identified as suitable activities to support learning. The goal of the game
was to integrate these activities in a meaningful and engaging way through gameplay.
In this paper, results are presented from playtests that were conducted to understand (a)
students’ experience of the game, particularly the usability of the specifically designed
and integrated educational game elements and (b) whether the conceptual understand-
ing of geology (such as specific mineral formulae; magma chamber cooling etc.) can be
reinforced through serious gaming.

1.2 Magma Pop: Description

The first two levels of Magma Pop are designed to re-enforce the learning of mineral
formulae by repetition.
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Fig. 1. Main screen of Magma Pop (A), the Select Screen (B), the Crystal Builder option with
the two sublevels (C).

The first level of Magma Pop is called the Crystal Collector (Fig. 1), where in three
sublevels (1-1, 1-2 and 1-3), learners practice different mineral formulae by generating
minerals through selection of the right type and amounts of chemical elements. When
players click on the “START” option in Fig. 1A, the Select Screen (Fig. 1B) comes up
depicting the tutorial and the three sub-levels of the Crystal Collector game, sublevel
1-1: The Magma Neophyte, sublevel 1-2: The Magma Dealer and sublevel 1-3: Quartz,
Ilmenite & Magnetite. The Crystal Builder (Fig. 1C) with the two sublevels becomes
available after the three Crystal Collector sublevels have been completed.

At each sublevel, players generate specific minerals: olivines (forsterite and fayalite)
and pyroxene (diopside) (level 1-1); feldspars (anorthite, albite and orthoclase) (level
1-2); and quartz, ilmenite and magnetite (level 1-3). These are common rock forming
minerals that crystallize as magma cools. These minerals are composed of different
elements that are represented as ions in Magma Pop. Every time a sublevel is loaded,
the magma chamber receives a fresh mixture of ions that are generated based on which
constituents are needed to make the minerals at that sublevel.

Each sublevel has three green icons and one blue icon located at the bottom of the
screen (Fig. 2). The Home button (on the left bottom corner of the screen) takes players
back to the Level Select screen. The Formula button (i.e., button with 2 hexagons in it)
shows the list of mineral formulae that players are required to create during gameplay.
Players can then scroll through this list to look up the mineral formula that needs to be
made (as listed in the objective window located on the bottom left side of the gameplay
screen). Once ions have been matched correctly, the specific mineral is formed (for
example, the green forsterite mineral). The Star button toggles the level’s Objectives
Panel (on the left) on or off. The Objectives Panel shows the minerals that need to be
created by matching different ions. When players have collected all the minerals that are
listed in the Objectives Panel, the panel turns green, and players can proceed to the next
sublevel.
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Create the number of Olivines and Pyroxenes indicated in the Objectives window.

Formula
Objectives A Mg, Si 0,
/\ Toutof§ Fe, Si 0,

Soutof§ o : 1 Ca Mg $i; 0,

| [ ‘ G Ca Al, §i, 0,

Fig. 2. Home screen for Crystal Collector (Level 1) of Magma Pop. (Color figure online)

Upon completion of the three sublevels, Level 2 of the game is made available. In
Level 2 (Crystal Builder), with sublevels 2-1 and 2-2, players are no longer concerned
with oxygen, as too many would be required, and the size of the magma chamber would
be impractical. Instead, they are required to combine only the right number of constituent
cations to form the minerals listed in the objective panel. However, the added challenge
in this level is the introduction of a temperature panel. As the temperature changes
different minerals begin to crystallize together and hence the objective (or the minerals
to be formed) keeps changing. This means that with each drop in temperature, there
is a new set of minerals that players are required to create, for progress to be made.
Additionally, a panel box at the bottom right corner shows the changing concentration
of the magma chamber because of the crystallization process. In this level, the mineral
formula list is no longer available, and players are required to know them off-hand to
make progress while keeping pace with the changing temperatures.

2 Methods

2.1 Magma Pop Evaluation

Magma Pop was play-tested in two lab sessions in July 2020 by fifty students for approx-
imately 30 min during the lab sessions. Thirty-nine undergraduate students (21 female,
18 male) also filled-out the online evaluation questionnaire. The playtest session was
announced through multiple channels: (1) in lectures prior to lab sessions; (2) in pre-
vious labs; and (3) on the university’s learning management system. All students and
teaching staff were informed about the details of the study beforehand. Ethical approval
by the Educational Research Human Ethics Committee at the University of Canterbury
for conducting this study was obtained (2020/24/ERHEC) prior to conducting this study.
Information sheets and consent forms were handed out in prior lab sessions and collected
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before the evaluation. Both evaluation sessions took place in a computer room normally
used for regular computer lab sessions with approximately 25 students and 3 teachers
in the room. The game was explained to the class and students were asked to play the
game on the computers for 30 min. Magma Pop was preinstalled on all computers.

To evaluate different aspects of the user experience, we used elements of validated
instruments from the literature to construct our questionnaire for participating students.

Participating students completed a multi-part questionnaire after the gameplay. Our
questionnaire contained questions from several validated questionnaires to evaluate dif-
ferent aspects of user experience such as general player experience [20], serious game
experience [21], students’ attitude towards learning with the game, their perception of
the cognitive/affective qualities of the game and students’ usage-intentions of the game
[22].

3 Results and Discussion

3.1 Participant’s Background in Gaming and Volcanology

Most participants reported playing computer games regularly (20/39) or occasionally
(8/39) and reported a wide range of durations from a few minutes (5/28), to one hour
(7/28), and more than five hours (3/28) of gaming per day. The type of game that
participants were playing was a variety of different genres with role-playing games (16),
strategy games (17), shooter games (17) simulation games (12), and action games (9)
among the most popular.

Participants’ preferences were in alignment with the course and 33/39 had strong
preferences to learn science skills and in particular skills related to volcanology (37/39).
Out of a score of 100, students viewed the course as being reasonably difficult (M: 68.9,
SD: 15.13), requiring a moderate amount of effort (M: 59.84, SD:14.06), and as being
highly enjoyable (M: 78.30, SD: 30.81). Students were highly motivated to attend the
course (M: 82.84, SD: 18.42) and they expected the content of the course to be highly
useful (M: 85.66, SD: 13.41).

3.2 Serious Game Experience

The game experience was evaluated using the questionnaire by Moizer et al. [21]. Par-
ticipants rated their level of agreement with 32 statements where 1 meant ‘Strongly
Agree’ and 5 meant ‘Strongly Disagree’. The statements were further categorized into
five dimensions of the evaluation framework: Gaming Experience, Learning Experience,
Adaptivity, Usability and Fidelity.

Average ratings were Fidelity (X = 2.85), Usability (X = 2.91), Adaptivity (X =
2.56), Learning Experience (X = 3.01), and Gaming experience (X = 2.27).

The questionnaire by Moizer et al. [21] was originally developed to evaluate a 3D
avatar role-playing serious game for soft skills learning. Hence, some questions of this
questionnaire were perhaps less relevant for the Magma Pop study (e.g. questions about
communication). Nevertheless, by analyzing individual questions, it was revealed that
participants rated “I was able to achieve the goals set in the game”, “I recognize the value
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of the game as a tool for learning” and “I learnt how to use the software quickly” highly
(ratings < 2). However, the questionnaire also revealed that Usability and Adaptability
overall although not rated badly, were close to the mid-point and suggested room for
further improvements. In particular, it is possible that some technical bugs as well as some
gameplay issues affected the gaming experience. Ideas on how to improve gameplay are
discussed further below in this paper.

3.3 Attitudes, Intentions and Perceptions

Participants’ attitudes towards, perceptions about, and intentions to use serious games
were evaluated with questions proposed by Riemer and Schrader [22]. Attitude toward
learning with serious games was assessed using a single item representing a summary
evaluation. Students had to complete the sentence, “I find serious games to be (...)”
using a 7-point scale ranging from — 3 to 3 (bad to good). Most students had a positive
attitude towards serious games with 33 out of the 39 students providing a rating of 1 or
higher (higher values represent a more positive attitude).

Usage-intention as shown in Fig. 3 included five items addressing either the intention
to use or avoid serious games for learning on a 7-point scale ranging from completely
disagree (1) to completely agree (7). Most students indicated intentions of using serious
games for learning, with the statement “I would like to use serious games regularly
for learning” getting the highest rating on the Likert Scale. These results suggest that
Magma Pop as a serious game can have a motivational role within the course.

When itisup to me, I would always prefer other
leaming media over the use of serious games

I would only use serious games for learning when I
am told to do so

opportunity

I would use serious games for learning at every _

I would avoid using serious games for learning

I would like to use serious games regularly for _
learning

B 5 6

Likert Scale

Fig. 3. Students’ intentions to use serious games.

Perception of cognitive quality, in particular the perceived potential to support learn-
ing, was assessed on a 7-point Likert scale (completely disagree (1) to completely agree
(7)) for each of the 10 statements. Results are shown in Fig. 4.
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nables to deal with learning contents

Likert Scale

Fig. 4. Students’ perception of cognitive learning qualities

The perception of affective quality was measured based on the two-dimensional
structure of positive and negative effects. The scale comprised eight items assessing
students’ perceptions directed at the affective qualities; that is, whether learning with
games induces positive effects (e.g., energetic, determined, alert, elated) or negative
effects (e.g., distressed, nervous, anxious, angry). All items were scored on 7-point
scales ranging from not at all (1) to very much (7). Students rated positive emotions
higher (elated (X = 4.36), alert (X = 4.64), determined (X = 5.15) and energetic (X =
4.35)), whereas negative emotions were rated lower (nervous (X = 2.07), distressed (X
= 1.90), angry (X = 1.85), anxious (X = 1.82)). Hence, we interpret this as an indicator
that Magma Pop was able to induce positive emotions in the students who took part in
this study.

3.4 Game Engagement

The game engagement was measured with a questionnaire from Abeele et al. [23]. Par-
ticipants rated their level of agreement with each statement on a 7-point Likert scale. The
questionnaire contained questions grouped to the following constructs: Meaning, Mas-
tery, Immersion, Autonomy, Curiosity, Ease of Control, Challenge, Progress Feedback,
Audiovisual Appeal, as well as Goals and Rules.

As seen in Fig. 5, students felt that they grasped the overall goals of the game (Goals
and Rules), liked the look and feel of the game (Audiovisual Appeal), and felt capable
while playing the game (Mastery). They also found the game relevant to them (Meaning),
with these items scoring more than 5 on the Likert scale.

Items which scored lower on the Likert-scale included: “I was no longer aware of
my surroundings while I was playing” under the construct of Immersion and “The game
gave clear feedback on my progress towards the goals” (Progress Feedback). Three
statements related to player’s choice (Autonomy) — “I felt a sense of freedom about
how I wanted to play this game”, “I feel free to play the game in my own way” and “I
felt like I had choice regarding how I wanted to play this game” scored lower than 4,
suggesting that improvements could be made to the Magma Pop game in this area. Further
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analysis will provide insight into how specific game design choices are experienced by
players (Functional Consequences — Ease of control, Progress feedback, Audiovisual
appeal, Goals and rules, Challenge), and how these lead to specific emotional responses
(Psychosocial Consequences — Meaning, Mastery, Immersion, Curiosity, Autonomy)
[23].

1 appreciated the aesthetics of the game.
Iliked the look and feel of the game. Audiovisual
I enjoyed the way the game was styled. appeal

T understood the objectives of the game.
I grasped the overall goal of the game. Goals and
The goals of the game were clear to me. Rules

The game informed me of my progress in the game

g in the game Progress feedback

The game gave clear feedback on my progress towards the goals

T could easily assess how I wa:

The challenges in the game were at the right level of difficulty for me
The game was not tos v and not too hard to play.
The game was challenging but not too challenging

It was easy to know how to perform actionsin the game.

The actions to control the game wi ar to me.

I thought the game was easy to control.

I wanted to find out how the game progressed.

I wanted to explore how the game evolved. m

I felt eager to discover how the game continued.

I felt like T had choices regarding how I wanted to play this game

1 felt free to play the game in my own way. Autonomy

I felt a sense of freedom about how I wanted to play this game

T was fully focused on the game.
I wasimmersed in the game

I'wasno longer aware of my surroundings while I was playing

I felt a sense of mastery playing this game.
I felt I was good at playing this game.

1 felt capable while playing the game.
Playing this game was valuable to me.
The game felt relevant to me.

Playing the game was meaningful to me

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00

Fig. 5. Game engagement ratings (mean for each statement out of 7)

4 Conclusions

We co-designed and developed a serious game ‘“Magma Pop” to support undergraduate
geology students in learning mineral formulae and understanding concepts related to
fractional crystallization and magma chamber cooling. The game was evaluated with
members of the target audience and received positive feedback overall. Results confirm
the considerable potential of Magma Pop as a serious game to enhance teaching and
learning in higher education.

Future extensions of the game will explore the interaction between temperature
and magma crystallization and relate it to volcanic eruptions and geothermal energy
production, instilling their relevance to society in undergraduate geology students. Based
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on these results the next iteration of the game is envisioned to (1) include a pop tutorial
character that will guide players through the controls of the game, (2) allow players to
select/deselect ions during game play, (3) incorporate ways for students to check and
receive feedback on their conceptual knowledge, and (4) get points for crystallizing the
right crystals with the right formulae at the right temperature. In summary, the proposed
game was well received and based on participants’ feedback, has been integrated as a
component of the course.
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Abstract. This paper presents an experimental study in the form of an online
serious game to increase IT security awareness regarding phishing. Prior stud-
ies have indicated the effectiveness of serious games concerning certain aspects
of phishing attacks. This paper combines various aspects of social engineering
attacks, existing prevention concepts, and gamification methods. A survey and
interviews with 61 participants from different companies were conducted to mea-
sure the effectiveness. The findings suggest that using a serious game in context
with phishing emails can be used beneficially and effectively.

Keywords: Phishing - Serious game - I'T-security awareness

1 Introduction

Securing IT systems on a technical and socio-technical level is crucial, especially for
companies, as successful cyber attacks and inadequate information security can have
economic and personal consequences.

The importance is growing with the spread of social engineering attacks [1], which
increased in recent years [2]. Therefore concepts have to be established that actively
involve employees in the security process [3].

A promising method for developing sustainable prevention against social engineering
attacks and phishing is serious games. Serious games can be used sensibly and holistically
against phishing attacks by increasing IT security awareness [4, 5]. We developed a
serious game for phishing awareness and assessed it in a quasi-experimental setting by
applying a mixed-method approach. Our results further strengthen the case for serious
games in cyber security awareness programs.

2 Theoretical Background and Hypotheses

‘We must consider several types and forms when developing a concept to prevent social
engineering attacks by simultaneously concentrating on the shared characteristics that
exploit the human vulnerability by manipulating the user.

Social engineering can take place through various media [6] for example, emails and
texts. Concentrating on phishing as a widespread attack within the social engineering
spectrum is a logical conclusion for drawing up a prevention concept for social engi-
neering attacks [7]. Phishing characterizes the digital environment in which the attack
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is carried out, and the primary aim is to elicit sensitive data, e.g. bank details, from the
victim [6]. The medium of email is often chosen for this purpose [8], which usually con-
tains links or documents that have malicious software or lead to a fake website. Attackers
often pretend to be someone else, e.g. the managing director or a well-known company
[9] and try to pressure the victim. According to the German Federal Office for Infor-
mation Security (BSI), phishing emails are the most widespread method of spreading
malicious software [10].

One challenge in creating a consistent and valid prevention approach is attackers’
ever-changing and evolving tools. There are no unique features that characterize a phish-
ing email. Instead, the interplay of context and the combination of certain clues make
it possible to uncover the proper intentions. Therefore, employees cannot be optimally
prepared to recognize and correctly handle phishing emails by simply imparting knowl-
edge about potential high-risk email features to learn: “recognition by the recipient and
his appropriate behavior” [9].

To make the effectiveness of safeguarding traceable, recognition and appropriate
behavior can be subsumed under the concept of IT security awareness [9, 11], which
should be the central target of a prevention strategy [12, 13]. Sustainable learning through
increased awareness is made possible by employees’ simultaneous increase in self-
confidence. Users with better knowledge are more confident and better at behaving
correctly in the face of phishing attacks (self-efficiency) [14, 15]. If the employees
can deal consciously with information independent of the medium, one can speak of
awareness of IT security [16].

A sustainable concept should be expanded to include the categories of attitude and
action in addition to pure knowledge transfer [9]. Concerning phishing emails, the
employee must learn:

1. Identify potentially dangerous email features

2. Classify these features as potentially hazardous or non-hazardous

3. Transfer the acquired knowledge to complex emails in order to classify emails as
potentially dangerous holistically.

Motivation is a decisive force in the sustainable transfer of knowledge [17, 18]. Pre-
vious research suggests that knowledge transfer alone is insufficient to cause a behavior
change when distinguishing phishing from non-phishing emails [19, 20].

A methodology that is becoming increasingly widespread and which aims to increase
motivation is “gamification” [18], which can be defined as: “the use of game design
elements in non-game contexts” [21]. One form is serious games, primarily geared to
a specific educational purpose [22]. Serious games can be defined as “(software-based)
games that appeal to the instincts of interaction and imagination by means of audiovisual
supported simulation of reality” [23]. The primary goals are behavioral change and
sustainable knowledge transfer [24].
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The interaction of phishing as the triggering risk,
IT security awareness as the target object, and seri-
ous game as the methodology can be seen in the
concept model.
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Protection against Phishing attacks

Increase IT-Security-Awareness

¥

Prevention target

. Knowledge Level Motivation
Hypothesis 1: The use of the game design ele- & $ L.
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ments: points, time pressure, and storytelling Contontrealted  Methodical
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recognize, asses,act

prevention goals
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Game design
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within a serious game increases the motivation to
engage with the topic of “phishing emails”.

Hypothesis 2:

Through the use of the serious game, the sub-
jective knowledge level (recognizing, evaluating,
and treating) is increased in relation to the topic of
“phishing emails” (Fig. 1).

Fig. 1. Concept model

3 Methodology

In order to ensure an optimal data basis, the
“mixed-method approach” was applied [25].
Within the chosen research model, the qualitative
and quantitative survey was conducted simultane-
ously using the “concurrent triangulation design | ™ ndividual

model” [26]. Within a quasi-experimental design L -\
approach [27] (Fig. 2). } Triangulation {

The design followed the pattern of a one- Triangular findings
group posttest design in which a stimulus (X) is
investigated in the form of a serious game. We
performed our research quantitatively in the form of a questionnaire and qualitatively
in the form of guided interviews (O) (pattern: XO) [28]. As a treatment, we devised a
game that followed gamification/serious game principles, social engineering/phishing,
and IT security awareness (Table 1).

The independently programmed game “Sir Firewall” is the central element of the
implementation of the concept and represents the experimental part.

A video of the original gameplay can be viewed at this link:

https://youtu.be/W94y68Q2FmU.

(As the original version was conducted in German, the video shows the original
German version of the game). Alternatively, a version of the game can be played in
English independently via the following link:

https://sirfirewall.herokuapp.com/.

In the first step, the user is informed about the game’s meaning. Afterward, the user
assigns his unique username and enters his personal information. The game can then
be played. The game is embedded in the story of a knight who defends his castle. The
straightforward game narrative should strengthen the identification with the game. The
game develops into a chronological story. The game explains how attacks have been

Quasi-experimental research design

Game

/N

Quantitative Qualitative

]’ Treatment

Post-Treatment
Data Collection

]‘ Data Analysis

Fig. 2. Research design
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Table 1. Comparison of gamification, prevention, and IT security awareness

Game design element Prevention element Target level

Time pressure The aim of phishing: users Act

The players should react as should act impulsively

quickly as possible (Verbraucherzentrale, 2018)

Levels/Ranks Systematic intuitive Level 1 = Recognize
Three levels of increasing recognition through repetition | Level 2 = Evaluate
difficulty and representation | (level) Level 3 = Act

of the dimensions of IT
security awareness

Tasks Ensuring the attention and Level 1 = Recognize
The players have to solve the | adaptability of users Level 2 = Evaluate

task in different ways Level 3 = Act

Points Increasing motivation Increasing the play factor

Increase motivation and
reflect on learning progress

Storytelling Motivational enhancement Increasing the play factor
Identification with the game

Feedback Motivation and efficiency Increase the play factor and
Reflection and deepening of | increase (knowledge of deepen recognition,
what has been learned correct response) [29] evaluation, action

conducted and what the knight should do to fight them successfully. Thus, the player
receives essential information about phishing. The user receives imminent audiovisual
feedback and more information throughout the game by clicking on the corresponding
element. The feedback and the additional information are presented and formulated
within the story by fitting sounds and corresponding wording.

In the first level, the knight starts by learning what he should defend. He learns
what essential elements in an email should be recognized: In the story of a knight, this
means learning what parts of the castle are most important to defend. Every time the
user identifies a correct feature, a point is rewarded.

The next level is about classifying different elements by choosing between two
options. The options are presented in the story-aligned form of dragons attacking the
castle, floating down on the screen. For a correctly chosen dragon, the user receives a
point.

In the last level, the story continues as the knight’s castle has been successfully
attacked. The knight now has to differentiate between friend and enemy, therefore iden-
tifying which email is phishing or not. To accomplish the task, the user has to use different
techniques to transfer the knowledge to this applicable situation under time pressure.
Consequently, more game elements are used. For the first time in the game, the user is
allowed two jokers to skip an answer or ask for advice by clicking on a befriended knight
to help him. This symbolizes the opportunity for employees to ask co-workers for help.
Additionally, the knight only has 30 s to decide if the email can be classified as phishing
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or not. This element of time pressure symbolizes the pressure phishing emails can have
on employees in a hectic work environment. For each correctly identified email, the user
is given a point. If the user uses a joker or skips one email, he receives no point for this
email. As an additional element to increase pressure on the user and, therefore, to make
the game more realistic, the user is given three lives. For each wrong answer, a life is
taken from the user. If the player runs out of lives before the game ends, the game is
canceled at the current score.

After playing level 3, the user can check his performance by comparing the sum of
his points with other players’ points on a leaderboard.

The following questionnaire represents the quantitative part of the research design,
which has been into four sections: demographic characteristics, subjective user assess-
ment, pre-and post-experiment, and general perception of game design elements.

The qualitative part took the form of guided, individual interviews with participat-
ing companies’ employees to enable an in-depth and comprehensive consideration and
to take advantage of the bridge between standardized and non-standardized forms [30,
31]. A total of 61 people participated in the experiment and the quantitative study. Of
these 61 people, eight people from different companies and with different demographic
characteristics were interviewed. As a result of the qualitative data collection, the inter-
views were transcribed after recording [32, 33]. In addition to the verbal statements,
essential non-verbal elements were also considered in the analysis after the TiQ (Talk in
Qualitative research) method according to Bohnsack results and discussion (Table 2).

4 Results and Discussion

H1: The use of the game design elements: points, time pressure, and storytelling within
a serious game increases the motivation to engage with the topic of “phishing emails”.

Points, as a game design element, are positively related to participant motivation.
51% of the participants said they were motivated by monitoring their direct progress
through points. Statements in the individual interviews confirm the positive relationship
between motivation and points:

“So basically, I felt really motivated when I got points.” (U4_B).

The results suggest that the game design element “task” in the game’s design
increases motivation. The avoidance behavior and motivation-increasing effect are part
of the recognition of phishing emails [34]. The design should be “fun” for a motivation-
increasing effect and sustainable learning. The study shows that the participants strongly
agree with this statement (92%) and gave positive feedback about having fun within the
game (95%) when asked.

The time pressure positively affected motivation. 68% gave positive feedback that
the combination of task and time pressure resulted in a positive stimulation of motivation
while at the same time experiencing it as an independent feature which partly resulted
in an overwhelming feature.

The research indicated further that storytelling is a successful tool to increase the
tangibility of the subject matter and thus motivation as well. Overall, 56% agreed with
the statement that packaging in the story made the situation more tangible.
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Table 2. Selected results from quantitative survey (n = 61)

Questions Mean/Percent | Hypothesis
Have you already had contact with phishing emails? 92% (Yes) H2
Have you already fallen for phishing emails? 79% (No) H2
Did you know what phishing emails were before the game? | 84% (No) H2
Does your company provide training on phishing? 72% (No) H2
Agree with the statement: Through the game, I learned more | 90% (Yes) H2

about phishing emails

Do you agree with the statement: After the game, I am better | 90% (Yes) H2
able to recognize phishing emails

To what extent do you agree with the following statements:
(1 = not at all to 5 = very strongly)

How do you assess your knowledge before the game? 32 H2
How do you assess your knowledge after the game? 4.2 H2

It motivated me to be able to monitor my direct progress via | 4.1 H1
points

I was motivated through a combination of tasks and time 39 H1
pressure

Putting it into a story made the situation more tangible for me | 4.3 H1
Getting points for the proper behavior motivated me to keep | 4.1 H1
playing and actively follow the game

Seeing my results on a leaderboard motivated me to actively |4 H1
follow the game

Through the different levels, the learning structure was clear | 4.1 H1, H2
The direct feedback helped me to learn faster 4.3 HI1, H2
I learned more efficiently through the game than through a 4.4 H1, H2
frontal lecture

When I enjoy a task, I learn better 4.9 H1, H2

“I found the story that was told very creative and entertaining. (...) Because of the
story and the fact that you were the “protagonist”, you were somehow drawn into it and
therefore felt more connected to it.” (U4_B).

To achieve motivation through serious games, the rules and structure of the game
should be clear and consistent, as well as feedback and density [35]. 48% of the par-
ticipants expressed their “strong agreement” that dividing the game into levels helps to
make the learning structure more comprehensible.

Competition is also often used as a source of motivation. This increases social envi-
ronment experience and promotes self-efficacy [18]. For this purpose, the leaderboard
was introduced, which had a positive effect, as 49% of the participants strongly agreed
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with the statement: “Seeing my results on a leaderboard motivated me to follow the
course of the game actively”. Overall, 75% gave positive feedback.

The study shows that all game design elements were attributed to a motivation-
increasing effect by the participants.

The findings of the investigation also support hypothesis 2:

H2: Through the use of the serious game, the personal knowledge level (recognizing,
evaluating, and acting) is increased in relation to the topic of “phishing emails”.

90% of the participants said after the game that they were now better able to identify
phishing emails than before.

The subjective assessment regarding identification also presents itself in the handling.
90% of the participants believe they have learned more about handling phishing emails
through the game. The increase in users’ confidence indicates that they will be better at
identifying phishing emails in various situations.

“Also, with the colleagues I had spoken to. They all said that it was really good and
that they now feel a bit more confident to treat emails properly” (U7_B).

The results show connections between the subjective increase in competence in
identifying and handling the content part of the game. We asked for a personal assessment
of the level of knowledge before and after the game. Most participants described their
level of expertise before the game as neutral to good. Afterward, we observed a clear shift
towards positive development, i.e., the participants tended to evaluate their skills better
after the experiment. In the individual interviews, there are corresponding statements
that confirm the results of the quantitative survey.

“Before, we knew almost nothing about it, and now we have really good knowledge
because of the game.” (U7_B).

In comparison to other forms of learning, participants confirmed the superiority of
the presented form in comparison to a frontal lecture (64%).

Overall, the study’s results back the assumption that the use and combination of
game design elements in connection with the topic of phishing have increased the level
of expertise and the motivation to deal with it. In conclusion, this means a subjective
increase in IT security awareness.

5 Limitations and Conclusion

This paper aimed to investigate the link between serious games and increasing employ-
ees’ IT security awareness levels. Based on a literature review, a concept model from
the different fields of interest and two hypotheses were developed.

A game was devised in which the knowledge gained from the topics: Serious games,
phishing, and IT security awareness were implemented.

Although the results of the study support all hypotheses, certain limitations to this
study must also be mentioned. Limitations include the use of the quasi-experiment,
as no randomized selection of participants was considered, and there was no control
group to validate the findings [28]. For a more intensive analysis and more detailed
consideration, it would make sense to conduct targeted workshops with a selected group
of companies in order to be able to make concrete comparisons. The addition of a pre-
treatment assessment could provide valuable insights into how to increase IT security
awareness sustainably.
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Similarly, testing in a natural environment a few weeks after the workshop could have
provided insights into the concept’s sustainability. Interesting aspects could then emerge
from comparing subjective and objective assessments of the participants. Implementing
a more experimental design could help increase the validity and significance of the
results. Findings such as the increase in efficiency through personalization could thus
be considered in more detail. The number of participants, 61, is relatively small. A more
significant number of participants would increase the significance of the findings.

The results of the research supported the conceptual model and hypotheses. The
prevention goals for warding off phishing emails can be achieved through the use of
serious games.

Overall, the principal added value of this research is creating the conceptual model
and implementing a first study. This can be seen as a pilot project and provide the basis
for further research. The findings suggest a clear added value that can be achieved in
this area. Further research is therefore recommended to achieve a better understanding
of the applicability and limitations.
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Abstract. Phishing is a constant threat to the online security of end-
users. Since technical measures currently fall short of preventing phishing
attacks completely, educating end-users is an important factor in reduc-
ing the risk of successful attacks. Here, game-based learning has emerged
as a scalable, motivational educational approach. While learning games
that focus on phishing emails have been created in the past, they mainly
include simple game mechanics, which do not map to the complex deci-
sions that are involved in recognizing malicious emails. To this end, we
present a novel anti-phishing learning game, consisting of two different
game modes: Either, players have to create phishing emails from given
templates themselves, or they have to analyze emails for malicious cues
and mark relevant parts. The game is designed for a broad target group
of adult users with little to no prior knowledge about phishing. To facili-
tate immersion, the game content is generated automatically and allows
for personalization. This paper presents the design, implementation, and
a preliminary usability evaluation of the game.

Keywords: Phishing - Email - Game-based learning - Personalization

1 Introduction

Various reports as well as recent incidents confirm that phishing is a relevant
threat to end-users’ online security [1,10]. In the first quarter of 2022, the Anti-
Phishing-Working group reported the highest amount of phishing attacks it ever
observed. Since technical countermeasures are not currently able to keep up
with the varying attack schemes, user education as a complementary approach
is necessary. In particular, research explores how anti-phishing learning games
can convey necessary knowledge and skills while keeping learners engaged and
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motivated. While many games teach how to recognize phishing URLs, only few
games focus on the characteristics of phishing emails [9].

In this paper, we present a new anti-phishing learning game® with a focus
on phishing emails. The game simulates an email client interface and offers two
game modes for players to explore: In the first mode, players go through an
alternating tutorial-level sequence in which they learn how phishing emails are
constructed using different elements of persuasion and deception. Opposed to
existing games, players are required to create their own phishing emails by plac-
ing persuasive and misleading elements in email templates. The second game
mode follows an analytical approach as the players are required to classify auto-
matically generated emails as phishing or benign. Extending the existing binary
decision scheme (similar to games presented in [6,7]), players are asked to mark
possible cues by placing stamps when they suspect an email to be malicious. The
game is designed for users with little to no prior knowledge about phishing. As
game design did not focus on a particular age range (e.g., children), we argue it
can be played by younger to older adults.

2 Related Work

As phishing emails have been a relevant problem for years, several research
directions for their detection and prevention have been explored in the past.
While technical solutions, e.g. based on automated detection systems (e.g., [3])
or strong authentication, exist and can potentially prevent many categories of
phishing attacks, they are often not widely available or unsuited for general
purpose phishing email detection (e.g., [4]).

As such, user education using anti-phishing learning games has been explored
in the last 15 years as a complementary approach. Studies on the cues that can
be used to recognize phishing emails, (e.g., [5]), found that links, lack of per-
sonalization and sender identity most reliably identify phishing emails. Thus,
several games that aim to raise awareness and make users focus on relevant
cues have been developed and evaluated. However, they often fail to reach the
intended target groups and are limited in their game mechanics [9]. Most games
convey knowledge about phishing URLs and require players to classify URLs as
either phishing or benign. Thus, they may have only limited effects on protecting
against phishing using emails, as not all phishing emails include malicious links.
As an alternative, the content of the email can be analyzed for additional cues,
e.g. using the principles of persuasion by Cialdini [2]. Among the reviewed games
[9], there were also games covering traits of phishing emails. While What.Hack
[12] simulates an email client for players to view emails and classify them as
phishing or benign, Bird’s Life [11] relies on screenshots. However, both games
are limited in their interactivity as well as their assessment capabilities. Even
given the simulated email client in What.Hack, the assessment is reduced to a
binary decision scheme and does not evaluate whether players can identify all
suspicious cues. As a consequence, the guessing probability is increased and mis-
takes do not lead to any information gain about why players decided incorrectly.

! https://gitlab.com/learntech-rwth/erbse/email-game, accessed 21.09.2022.
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None of the existing games use alternative approaches, e.g., asking players to
identify suspicious elements or creating phishing emails. Thus, in the following,
we present a new game prototype taking a different approach on phishing emails.

3 Design

The proposed learning game consists of two independently playable but topic-
wise related game modes: The creation mode requires players to construct new
phishing emails by selecting different options for specific email elements. In the
decision mode, players have to classify presented emails as either legitimate or
harmful. If a phishing email is suspected, players have to mark suspicious parts
of the email using a virtual stamp.

3.1 Learning Content and Goals

The overall goal of the proposed game is to teach and convey knowledge on
phishing emails and allow players to practice identifying suspicious elements
when encountering phishing emails. As for the covered learning content in the
game, we decided to focus on the structure and content of phishing emails.
While malicious links and sender identity, which are part of the decision mode
of the proposed game, have been identified as robust cues to recognize phishing
emails [5], they are not always present or recognizably malicious in a given email.
As such, the creation mode of this game is focused on the content of emails, and
introduces the principles of persuasion by Cialdini [2], which have been used
to classify phishing emails in several studies (e.g., [13]). Cialdini identified six
principles: (1) reciprocity, (2) consistency, (3) social proof, (4) authority, (5)
liking, (6) scarcity, which are introduced together with examples in the phishing
context in the game. The learning goal of this part of the game is for players to
know and recognize the persuasion techniques and determine if they are used for
malicious purposes. This knowledge is conveyed by actively applying Cialdini’s
principles in a gamified email construction process. The main learning goal of
the decision mode is for players to be able to recognize additional cues, such
as malicious links, sender identity, and lack of personalization, and determine if
a given email is phishing or benign based on the existence or absence of these
cues. To summarize, the learning goal of the proposed game is for players to be
able to recognize phishing emails based on cues of persuasion or deception and
marking them, instead of only relying on a binary decision alone. It therefore
extends the work on learning games about phishing URLs (see [6,7]).

3.2 Game Design

The creation mode is structured around alternating tutorial and level sequences,
whereas the decision mode provides hints during and explanations after a level.
Therefore, the game suggests to start with the creation mode and players can
switch between modes without losing their progress.
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Creation Mode: In this mode, players learn about each of the six persuasion
techniques by Cialdini [2] in the tutorials, and actively apply this knowledge in
the corresponding levels. For digital storytelling, the tutorials simulate a chat
between a senior employee and the player, who as a new employee, is taught
about persuasion techniques. The level is split into two cohesive parts. In the
first part, players construct an email using an editor-like interface in which they
have to select different options for different email elements (see Fig. 1). The main
elements are the sender’s email address, the subject, the salutation, the main
body text of the email and the complimentary closing. For each element, players
are presented with various options to apply a persuasion technique and use a
suspicious email element for their phishing email. The topic or content of the
email differs for each tutorial and level, e.g. an email about unauthorized account
access. Feedback for the first part of the level is only given after the entire level
is completed. The second part of the level is a matching game, in which players
are presented four elements of their created email and four matching persuasion
techniques (including an option for no persuasion). Players are asked to match
email elements and persuasion techniques.

To: [Antonia Nur <a.nur@company.com> |

From: |Service <service@company.com> ‘

Subject: [Apple payment Notification ‘ This notification was only sent to alert you in case
you did not initiate the download yourself.

Dear customer,

Your Apple ID was used to purchase Tribal War App on
a device that had not previously been associated with

this ID.
If you're using a new device please ignore this email.
O 114s
Email length:
417 In case you didn't carry out this transaction please

send us your credit card information in the next 48h
SO we can reimburse you.

9 Please create a phishing email out of the options on the right. The topic of this email is the purchase of an app called Tribal War.

Also, please make sure to integrate scarcity’ into your email

Fig. 1. Email creation in creation mode

Figure 2 shows an example of the matching game, with the email elements
on the left side and the techniques on the right. If a mistake is made, players get
instant feedback through the match not being completed, and have to try again
until they either complete the matching game, or loose all of their lives (lower
left in Fig. 2) and have to repeat the level. In both parts of the game, the players
are restricted by a timer: While players have 140s to complete the creation part,
the matching game has a time limit of 80s. If the time passes or more than three
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L

O setings HR <info@humanresources.com>

Authority
YYou have been selected through
the UCLA HR departments as my .
PA while | attend to a UN Attty
environment program.
If you would like to work for me
please send me your personal =
information such as name and Authority
@ o5 banking details.

1am Edward R. Carr a geographer
and anthropologist whose
research focus is on improving
human well-being.

Lives: ]

Q Please create pairs of text excerpts and their corresponding phishing features by dragging them on the symbols.

Fig. 2. Matching game in creation mode

elements are matched wrongly in the matching game, the players have to replay
the complete level. After the matching game, players get full feedback for the
level, including for the email construction part. After successfully completing a
level, the next tutorial is unlocked.

Decision Mode

For every email, players have to classify it as legitimate or harmful. If the players
can successfully identify a harmful email, they have to mark suspicious parts of
the email with a virtual stamp (see Fig.3). Once confirmed, all suspicious parts
are marked and explanations are provided upon hovering in a resolution screen.
If the players did not correctly identify an email or did not correctly mark the
suspicious parts, they have to inspect all explanations. Correctly identified parts
are marked yellow, while missed parts are marked pink. After a pre-defined
amount of emails was examined and classified by the players, the game mode
ends. By extending the binary decision scheme of deciding whether an email is
legitimate or harmful to include the step of marking suspicious parts of an email,
more insights into players’ decision processes can be gained (as also applied to
learning games on the topic of phishing URLs [6,7]).

4 Implementation

A first implementation question we faced was the choice of the right environment
for the game. While an implementation inside actual email client software would
provide the most realistic experience, we chose to create the game in an external
setting due to various advantages: First, it offers more control over the environ-
ment the game takes place in, including control over distractions while being
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[ ] Search ‘ Attention James! Tue, 06/28/2022, 4:39 PM
Support a
[[J Account management support@awiehzgdfz08aw.com
Inbox 2 You exceeded your eﬁ':g
storage limit
Drafts g
Tue, 0612812022, 4:39 PM
7T
Trash O itlipyz_or’(‘j \ Jares,
Junk ention “ames: 3840MB/4096MB current size of maximum size, please reduce your mailbox size.
Sent Tue, 06/28/2022, 4:39 PM | Reply to this email and A‘ d us your login credentials so we can increase the size of
your mailbox in the nex .
[[] Account management

Attention James! You should always be careful who you grant access to your account.
ettings

Tus, 062812022, 4:30 PM Google Inc., 1600 Amphitheatre Pkwy, Mountain View, CA 94043 USA

[] Account management
Attention James!

Tue, 06/28/2022, 4:39 PM

-

Fig. 3. Classifying emails in decision mode

able to clearly define which actions may be performed by players. In addition,
privacy is a major concern since players could be deterred from playing the game
in an environment containing sensitive data. Lastly, the support of many differ-
ent platforms is facilitated through the implementation as a standalone game.
As a consequence, the game was implemented using the Multi-Touch Learning
Game Framework?, a framework for creating browser-based learning games.

To further increase immersion, personalization and on-demand game content
generation were implemented, i.e. generating emails with personalized content.
As such, players’ do not classify their own personal emails but rather generated
fictional emails. For the generation process, all player-related information and
knowledge is represented using a learner model. It is used as input to a template-
based email generator, which provides personalized game content to the learning
game [8]. As such, players can provide their name and email address at the
beginning of the game and it will then be used within different email elements
through the use of templates (e.g. in the salutation or receiver information).
Furthermore, different template elements of a predefined corpus of email parts
are used to create variety in the different types of emails that can be generated.
For email elements like embedded URLs, a URL generator component is used to
create benign and malicious URLSs for different email templates (e.g., a phishing
URL that may deceive players by claiming to lead to the web page of an online
shop). In the future, the learner model and content generation could be further
extended to also use information on different services and email contexts.

2 https:/ /mtlg-framework.gitlab.io/, accessed 22.09.2022.
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For gathering information about the players’ in-game actions, logging was
implemented using the xAPI format®. To preserve privacy, anonymous identifiers
provided by a pseudonymity provider are used and further identifying data like
the players’ names and email addresses are not logged. The objective behind
activity logging is to gain insights into players’ strategies and behavior when
dealing with different email types and levels of personalization.

All in all, we created a customizable, extensible game prototype with per-
sonalized emails for creating a more immersive experience as well as logging
capabilities for analyzing the players’ learning progress.

5 Preliminary Evaluation

For the evaluation of the game, we consider two preliminary user studies. The
first user study evaluated the email client interface as well as the marker function-
ality (n1 = 5; age range: not recorded/collected) and focused on the usability of
the interface. In a second usability study, the constructive game mode in which
players combine different email elements to create their own phishing emails
was evaluated (ng = 7, age range: 24-70 years). Results of both studies led to
various improvements of the overall interface and game design. For example,
participants had issues grasping the decision and marking tasks at first. This
led to improvements in the task description as well as reformulating the main
question, whether a presented email is suspicious or not. For the creation mode,
participants expected a drag-and-drop interaction mode, while only clicking was
supported to choose the options for different email elements. In the matching
game mode, however, the existing drag-and-drop actions were used intuitively.
While no further usability issues have been detected in the user studies on both
modes, the studies present limitations, such as small participant samples as well
as the separate evaluation instead of one complete user study as a result of the
iterative implementation processes. For future evaluations, we suggest evaluating
both modes in one user study, possible with between-subject design and different
orders in which participants access the different game modes, and including a
phishing email detection task to evaluate effectiveness.

6 Conclusion

In this paper, we present a novel learning game that teaches the detection of
phishing emails based on cues in the emails’ content and headers using a vari-
ety of game mechanics. Players learn about persuasion techniques by Cialdini
[2] and how they can be abused in phishing emails while they create emails in
the creation mode, and have to search for and mark malicious cues in the deci-
sion mode. Both modes support personalization options based on automatically
generated emails and URLs [8]. The game was tested in a preliminary usability
evaluation and potential issues were addressed. In the future, we plan to evaluate

3 https://xapi.com/, accessed 22.06.2022.
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the effect of the game in a user study that includes an email classification task.
Furthermore, game design could explore a multi-player mode in which players
have to create and then evaluate each others created emails.
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Abstract. Strengthening adaptive expertise in mathematics education through
deliberate practice is a challenging task in traditional classrooms. The purpose of
this study was to investigate whether Number Navigation Game (NNG) promotes
deliberate practice and how the game performance profiles relate to Adaptive Num-
ber Knowledge (ANK) development, perceived challenge, flow, and math interest.
NNG is a game-based learning environment that requires students to progress by
making more complex arithmetic solutions, which is particularly important to pro-
mote ANK. Game performances of 214 Finnish students require not only addition
and subtraction but also multiplication and division operations were compiled and
compared to the best performance possible for each level. A growth mixture model
based on students’ relative performance levels was employed to offer insight into
the changes in students’ game performance throughout the game, and the relations
of students’ game performance with knowledge gains, perceived challenge, math
motivation, and flow. We identified four profiles of students’ game performance.
The largest profile steadily enhanced their performance in playing the game despite
having lower-than-average initial performance. This group experienced lower flow
and larger learning gains than other groups, which suggests their engagement may
be more aligned with deliberate practice.

Keywords: Adaptive number knowledge - Gaming analytics - Game-based
learning - Deliberate practice - Mathematics

1 Introduction

Adaptive expertise is a highly valued outcome of mathematics curricula [1] and is
expected to typify exceptional mathematical thinking (e.g. [2]). Adaptive expertise
reflects knowledge that can be flexibly applied in novel situations, not just within highly
constrained or well-rehearsed contexts. Adaptive number knowledge (ANK) is a quality
of adaptive expertise in arithmetic, which reflects a well-connected network of knowl-
edge of numerical characteristics and arithmetic relations [3]. ANK was found to differ-
entiate even among students with high levels of math achievement and predicted later
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algebraic knowledge [4]. To develop ANK, it is crucial that students are provided with
opportunities to practice solving open-ended mathematical problems in novel circum-
stances. However, it is usually difficult to achieve such conditions in the larger context
of a traditional classroom for all students.

In fact, practice in math classrooms is often connected to the automatization of
procedural skills [S] and static routine expertise development [6]. There are a lack of
pedagogical models for supporting the development of adaptive expertise in school
mathematics [5]. For example, mechanical practice with procedures of rational number
arithmetic alone does not lead to long-term and sustainable learning results [7]. In other
words, not all practice is equally beneficial. With the affordances of game-based learning,
it is possible to overcome these limitations. Game mechanics can align with deliberate
practice’s principles while offering an open-ended learning environment that would
trigger reflection on different solutions to arithmetic problems [5] and possibly lead to
improvements in ANK [4].

1.1 Deliberate Practice in Math Education

There is a need for more complex forms of practice in mathematics classrooms, espe-
cially deliberate practice (DP) [5]. DP has proven to be the key factor in explaining
extraordinary development in different domains [8]. In the realm of mathematics educa-
tion, it is especially important to provide students with opportunities to engage in more
complex forms of practice that push them to develop their emerging skills and knowl-
edge structures (i.e. DP) rather than just routine and static practice with their existing
skills (drill-and practice) [5].

Due to conventional educational setting constrains and demanding conditions of
DP’s principles, it is difficult to systematically implement DP approach in authentic
math classrooms. However, previous research suggests that it is possible to apply some
core aspects of DP in well-designed game-based learning environments. In the Number
Navigation Game, design principles align with some core principles of DP. For exam-
ple, players are provided with tasks that are (a) ideally challenging and well-suited for
individual students, (b) offering opportunities to practice at the edge of their compe-
tence, (c) providing them with continuous feedback to improve their current skills, and
(d) the tasks are situated in open-ended learning environment that can trigger reflection
on different solutions to arithmetic problems [9]. Previous studies on NNG resulted in
students’ strong adaptive number knowledge development, and transferable pre-algebra
skills [4, 10].

Research on gaming has emphasized the importance of flow as desirable experience
during the game play. Both flow and deliberate practice refer to strong involvement
in a situation. However, there are fundamental differences between these phenomena.
When developing the flow concept, Csikszentmihalyi [11] analyzed the nature of the
process when high level experts (e.g. chess players and rock climbers) pursued enjoy-
able activities on optimal level of challenge. However, Ericson et al. [12] showed that
the deliberate practice enhancing expertise is a conscious, and sometimes unpleasant,
practice when people tried to go beyond their current skill level. Thus, we can assume
that in a mathematics serious game, deliberate practice may be related to persistent but
slow process, low flow experience and high feeling of challenge.
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1.2 Promoting Adaptive Number Knowledge with Game-Based Learning

Promoting students’ ANK is challenging and often demands a great quantity of variable
practice [4].This practice has to be complex, with varying numbers and operations, while
offer multiple strategies for solving arithmetic problems, and opportunities for students
to contemplate on their solutions and underlying relations [13]. Teaching in many class-
rooms usually involves teaching various problem solving strategies, which does not lead
to strong ANK in most students [14]. Ideal training environments need to incorporate
numerous attempts to strengthen students’ underlying knowledge of numerical relations
while offer a large amount of practice with open-ended arithmetic problems [5]. With
technological improvement, game-based learning offers many opportunities to develop
complex and flexible mathematical learning environments that would meet the needs of
such demanding learning environments. The NNG aims at improving primary school
students’ ANK by providing different opportunities to engage in strategic work with
various combinations and operations with the use of the 100-square as the external rep-
resentation of whole numbers (1-100) [15]. However, it is unclear exactly if and how
students engaged in deliberate practice while playing the game, nor how that influenced
their learning outcomes and perception of the game.

1.3 Present Study

Previously, NNG was found to be effective in promoting ANK, with a basic measure
of game performance (number of levels completed) predicting learning gains [15]. The
design of NNG has been argued to support DP [9]. However, there is not any direct
evidence suggesting that students engaging with DP while playing the game.

In this study, we aim at better understand different ways that students engaging
in playing NNG, and to determine whether there can be found evidence on deliberate
practice in the gaming analytics and learning outcomes. Thus, we ask:

(1) What are the different profiles of game performance?
(2) How are the profiles of game performance related to mathematics learning
outcomes, experienced flow and challenge during gameplay, and math interest?

2 Method

2.1 Participants

Participants were 214 fourth to sixth grade students (M age = 11.37, SD = 7.13) selected
from a larger sample of 642 student who took part in a large-scale RCT over a ten-week
period [15]. Participants in the present study were those who finished at least 5 Energy
maps (see Sect. 2.2 for description). Participation was voluntary, and informed consent
forms were gathered from the participants’ parents. Ethical guidelines of the University
of Turku were followed strictly.
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2.2 Description of the Number Navigation Game

NNG has an “instrically integrated” design [16] in which the gaming mechanism is
integrated directly to the mathematical content. Gaming interface is 100 squares super-
imposed on different maps of land and sea, where players’ task is to collect four different
raw materials to build settlements. To progress, players need to navigate a ship from a
starting number (the harbor) to retrieve a material on a given point and return to the
harbor by applying various combinations of numbers and arithmetic operations. For
instance, in Fig. 1, the player starts from number 89 and has to collect wood situated
at number 46. The player needs to input mathematical equations on the left side of the
screen. The moves have to take the ship to the targeted material (number 46) while avoid
numbers that covered by land. The map is completed when all four of the materials
are retrieved. In this study, students’ game performance and analytics were collected
within the frame of the large-scale RCT in spring 2014 where students played the first
complete version — NNG 1. The game has two scoring modes: Moves and Energy scor-
ing. In the Moves mode, players need to retrieve the materials and return to the harbor
using the least number of moves (operations). In the Energy scoring mode, the idea is
to use the least amount of “energy”, which is measured by adding up all the numbers
inputted in the operation box. The Moves mode aims to trigger the use of addition and
subtraction with larger two-digit numbers, while the Energy mode requires more com-
plex arithmetic relations and players need to use all four arithmetic operations. Hence,
the Energy levels are considered to be particularly important for promoting ANK. For
more information about the developmental process of NNG and roles of game features
in enhancing adaptive number knowledge see [16, 17].

Fig. 1. Example of a map in the Energy scoring mode in NNG 1.
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2.3 Measures

Prior to and after the intervention students completed measures of ANK, arithmetic
procedural fluency (Woodcock-Johnson Math Fluency sub-test), pre-algebra knowl-
edge (missing-value problems, e.g. 12 + __ = 11 + 15) and math interest. Post-test
also included questionnaire measuring core dimensions of gaming experience including
perceived Challenge and Flow.

Game performance was measured with a Relative energy score (map neutral measure
of performance = Score/Gold Standard) from at least 5 completed Energy maps (T1-
T2 is first two maps completed, T3 is the average of mid-maps, T4-T5 is the last two
completed maps). Players complete a map by retrieving all four materials, depending
on how optimal their arithmetic solutions are, their performances (or scores) will earn
them either Copper, Silver or Gold coins, in which Gold coins solutions are considered
close-to-optimal solutions.

Adaptive Number Knowledge was measured with the Arithmetic Sentence Produc-
tion Task [4]. The task is a timed, paper-and-pencil instrument which measures students’
ability to recognize and use different numerical characteristics and relations during their
problem solving. An item includes four to five given numbers (e.g. 2, 4, 8, 12, 32) and
the four basic arithmetic operations, and the aim is for students to produce as many
arithmetic sentences that equal the target number (e.g. 16) as they can in 90 s. Total
number of items are 4 and Cronbach’s a reliability value for the total number of correct
solutions across the four items was .70 (Fig. 2).

Try to make as many different math problems where the solution is 16 as you can. Use only the
n the box. You can r as many times as you want. You can use addition, subtraction,

Fig. 2. Example of an arithmetic production task.

Arithmetic Procedural Fluency was measured by the Woodcock-Johnson Math Flu-
ency sub-test [18] which includes a total of 160 items. Students were asked to complete
as many arithmetic problems as possible in 3 min.

Perceived Challenge and Flow were measured as part of the Gaming Experience
Questionnaire which aim at capturing eight core dimensions of game experience. The
questionnaire was translated in Finnish [19] and simplified in language and in length to
be more suitable for the age of participants (see [20]).

Math Interest was measured as part of the Expectancy Value Math Motivation
questionnaire (see [20]) with three items (e.g. “I like Math”).
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2.4 Procedure

In order to capture patterns of performance across the Energy maps, a series of growth
mixture models were estimated using Mplus version 8.4. Growth mixture models are
a clustering procedure that identifies coherent profiles based on individuals’ estimated
growth curves. Individuals’ initial scores of Energy map performance and their linear
and quadradic slopes were estimated and used as indicators in for defining a categorical
variable of profile membership (e.g., a cluster membership). We set the number of pro-
files in the model stating with one profile and increasing the number of profiles. Each
subsequent model is compared using a set of statistical indicators [21] and theoretical
considerations [14]. Once the most appropriate number of profiles is determined, we
used a 3-step approach [22] to examine the relation between profile membership and
external variables (i.e. ANK, math interest, etc.).

3 Results

3.1 Profiles of Game Performance

The four-profile growth mixture model was most appropriate based on its lowest BIC
value of the two to seven profile models [21], in addition to the fact that the 5-profile model
introduced an extremely small profile (1% of sample), that did not appear theoretically
founded. Figure 3 displays the mean scores and standard errors for each profile across
the five game maps.

The Low Stable Performers profile (68 students) had lower than average performance
on all energy maps (Mean initial map = —0.64; Slope = —.12; quadratic = 0.01). The
Improving Performers (72 students) profile had lower than average initial performance
but improved their performance on every Energy map (Mean initial map = —0.69;
Slope = 0.51; Quadratic = —0.04). The High Stable Performers profile (38 students)
had higher than average and stable performance on all energy maps (Mean initial map =
0.81; slope = —0.01; quadratic = —0.03). The High Not-Maintained Performers profile
(35 students) had initially very strong performance, with an immediate drop to stable
above average; it was the only profile with a non-linear slope (Mean initial map = 1.80;
slope = —0.78; Quadratic = 0.11) (Table 1).

Using the 3-step approach, we tested if the profiles differed in their prior knowledge
of ANK and math interest. The Low Stable Performers profile had lower pretest ANK
than the High Not-Maintained Performers (beta = .51; SE = .16; p = .001) High Stable
Performers (beta = .35; SE = .15; p = .02) and Improving Performers (beta = .46; SE
= .14; p = .001) profiles. Low Stable Performers profile had lower math interest than
the High Stable Performers (beta = .68; SE = .27; p = .01) and Improving Performers
(beta = .68; SE = .24; p = .004) profiles.
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14 - O High Not-Maintained Performers 16.5%
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Fig. 3. Mean scores of relative game performance scores by growth mixture model profile for
each game map. Error bars represent 95% confidence intervals.

Table 1. Means, standard deviation (in parentheses) of pre and post-test of adaptive number
knowledge (ANK) and Woodcock-Johnson arithmetic fluency (AF), pre-test math interest and
post-test of gaming experience.

Low stable Improving High stable High not-maintained
performers performers performers performers
Pretest ANK | 3.34 (1.31) 4.24 (1.84) 4.0 (1.47) 4.44 (1.69)
Posttest ANK | 3.89 (1.68) 5.2(2.07) 49 (1.44) 5.52(2.36)
Pretest Arith 68.81 (17.0) 77.22 (17.04) 80.66 (16.56) 77.76 (14.7)
Flu
Posttest Arith | 79.74 (15.67) 89.53 (18.32) 88.72 (16.91) 88.29 (19.61)
Flu
Math interest | 2.90 (1.0) 3.4(0.87) 3.46 (0.96) 3.3(0.99)
Flow 2.06 (0.93) 1.94 (0.7) 2.41 (0.98) 2.17 (0.9)
Perceived 2.43 (0.7) 2.35 (0.66) 2.72 (0.80) 2.45 (0.68)
challenge

3.2 Game Performance, Learning Outcomes and Game Experience

Using a 3-step approach, we tested if the groups differed in their posttest ANK scores after
controlling for their pretest scores. Tests of multinominal logistic regressions revealed
that Improving Performers had larger gains in ANK than the Low Stable Performers
profile (beta = —0.48, SE = 0.22; Odds ratio = 1.58; p = .03). The Low Stable Per-
formers also had lower posttest ANK (after controlling for pretest) than the High Stable
Performers and High Not-Maintained Performers profiles (beta > .48; SE = .22; p <
.03). There were no other differences in learning between the other profiles.

In order to test the specificity of the effects of gameplay on ANK, we also examined
if there were differences in learning gains for arithmetic fluency between the profiles.
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Using the 3-step approach, we found no differences between the profiles in posttest
arithmetic fluency, after controlling for pretest scores.

There were only minor differences between the groups in Flow experience. High
Stable Performers profile had higher self-reported Flow than the Improving Perform-
ers profile (beta = .63; SE = .25; p = .01). There were no other differences in Flow
experience. Likewise, the High Stable Performers profile had higher levels of perceived
Challenge than the Improving Performers profile (beta = .81; SE = .38; p = .03).

4 Discussion and Conclusions

Our results suggest that NNG does provide some students opportunities to engage in DP
in support of their ANK. We found that among the four profiles of game performance,
Improving Performers steadily enhanced their game performances in every Energy map
despite lower-than-average initial performance. They had strong learning gains in ANK,
and they reported a lower flow experience. We argue this is clear evidence that this group
of students engaged in DP during the gameplay. As previously discussed, those who take
partin DP in the NNG might undergo a low flow experience, a slow yet persistent process
as they advance in the game. One of the characteristic features of DP is that it requires
trying things that are just beyond a person’s current abilities. It also demands a person’s
full concentration and attention [12]. Another reason for us to believe this group had
“deliberately practiced” the Energy maps is due to the design of this NNG version. As
this was the first complete working version, usability and clarity of game interface were
not yet optimal. Previous study confirmed that students’ gaming experience in NNG 2
significantly improved compared to those in NNG 1 [16]. Hence, those were able to
improve their game performance despite these usability shortcomings, especially in the
more complex maps as in the Energy mode, they would have to consciously make the
decision to play the game more times than needed. In other words, they deliberately chose
to practice and look for different alternatives to find the more efficient solutions. This
kind of practice is possible because the flexible and open nature of the game is supported
with fixed and clear rules (i.e., game modes, materials retrieving to and from harbor,
etc.) and novel contexts (i.e., map layouts, positions of harbor, ship, and materials, etc.),
which allow students to practice and improve their game performances.

Regarding the challenge dimension, there were not big differences between the
groups, except that, contrary to our expectation, High Stable Performers had higher
level of perceived challenge than Improving Performer. This difference can be due to the
retrospective measure, as Improving Performer had continuously improved their perfor-
mance, therefore at the end their perceived challenge was lower. Results from pre-tests of
prior mathematical knowledge and math interest shows that Low Stable Performers had
lower-than-average in all prior knowledge (ANK and AF) and math interest. Although
their game performance remained stable at lower-than-average position consistently, this
group still gained significant improvement in their ANK and AF. However, their gains
are expectedly smaller than other profiles (after controlling for pretest). The results are
in accordance with previous studies [20] that NNG seems to be more motivating and
beneficial to those who already have higher math interest.

There are several limitations in our study. Firstly, while using game logs to determine
the four-profile memberships allows us to identify different profiles of game performance
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and their development trajectories, we know little about other external factors such as
classroom conditions or teachers’ support. Also, future studies should include other
types of game analytics to measure students “in-game experience” [23] and explore the
roles of teachers with NNG in the classrooms. Next, we argued that one group engaged
in DP based on their game performance, learning gains, lower flow experience and game
design. However, we are uninformed about their patterns of practice, or why the game
only enabled DP for one group. How to trigger DP and maintain such vigorous activity
in game-based learning environments to as many students as possible are questions that
remained unexplored. Also, prior knowledge of the Low Stable group is lower than
Improving Performers, therefore it might limit their capacities in self-initiating more
intense practice. Thus, more attention is needed in future studies on students’ prior
knowledge. Lastly, it is also worth examining whether the NNG trigger DP behaviors
in Low Stable’s game performance in easier game levels (for instance when the game
requires only addition and subtraction operations).

Despite these limitations, this study answers unaddressed question about the relations
between game performance and learning development; it sheds light on the little-known
application of deliberate practice in mathematics education via game-based learning plat-
forms. The results indicated that while both adaptive expertise in mathematics and delib-
erate practice are very demanding and challenging concepts to directly apply in authentic
settings, well-designed game-based learning environments offer unprecedented oppor-
tunities to overcome those limitations and provide unmatched advantages to “cultivate
mathematical minds” in the future [5].

Acknowledgments. Research was funded by the Academy of Finland (Grants 312528 and
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Abstract. Math anxiety is defined as negative feelings associated with mathemat-
ical tasks in educational but also real-life situations. Evidence shows that math
anxiety negatively affects the ability to solve mathematical tasks. Game-based
learning has proven to be an effective approach to improve attitudes toward math.
This study looked at the effects of a game-based version of a fraction estimation
task on math anxiety and estimation performance when directly compared to a
non-game-based task version. Participants aged 18—25-years-old were assessed on
their math anxiety levels before and after completing both task versions. Changes
in reported math anxiety levels through completion of either the game-based or
non-game-based version were then compared. Analyses indicated no significant
difference in the change of math anxiety (nor state anxiety as a control vari-
able), nor significant differences in estimation performance due to task version.
This seems to indicate no significant influence of game-based presentation of the
fraction estimation task on reported math anxiety. Nevertheless, it needs to be con-
sidered that levels of math anxiety were generally low in our sample of university
students. The current study can be considered a first step toward systematically
investigating effects of game-based learning approaches on math anxiety. Accord-
ingly, current results call for further research on a more math-anxious sample to
investigate the potential benefits of a game-based task version on math anxiety
and fraction estimation performance.

Keywords: Math anxiety - Game-based learning - Fractions - Number line -
Math

1 Introduction

It may be apparent to math teachers that there is a natural divide of students within their
classroom between those who find math enjoyable and those who dislike it or may even
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feel anxious about math. Despite math being a mandatory subject in most countries for
children aged 5 to 16, math anxiety (MA) is prevalent at all ages of education, including
primary school children [1], with MA increasing with age and persisting into secondary,
post-secondary education, and adulthood [2].

MA is defined as negative feelings (e.g., tension, stress) associated with mathematical
tasks, including the manipulation of numbers and basic arithmetic, whether that be in
an educational setting or a real-life situation [3]. Notably, many researchers also found
MA to be negatively associated with mathematical achievement [2, 3]. Moreover, MA
can result in an individual developing negative attitudes towards mathematics [4], and
as a result, individuals may take precautionary measures to avoid math entirely [3].
Such math avoidance involves the irregular and inefficient study of and opting out of
jobs that require quantitative skills [3]. Accordingly, research has shown that those
who experienced MA in school were less likely to choose math- and science-related
subjects when entering education beyond high school [3, 5], which is especially true for
females [6]. In turn, this often leads to restricted career paths as math is prominent in
most occupational fields, including finance, technology, business, education, medicine,
social sciences, and engineering [7, 8]. However, as a short-term solution to MA, math
avoidance will only exacerbate problems around math as it is an ineffective strategy for
targeting the root cause of MA. Therefore, it is essential to develop approaches that help
reduce MA, so individuals do not avoid math-related contexts.

Using game elements or games for learning math might be one way of augmenting
conventional math instruction and potentially reducing or even preventing MA (e.g.
[9]). In fact, more positive attitudes and feelings towards math were observed after the
implementation of a game-based learning approach (GBL; [10]). Using computer games
for math instruction has become more popular recently and studies also indicated it to
be effective compared to other conventional methods of instruction with learning gains
persisting long-term [11]. However, the effect of game-based approaches on MA has not
been studied sufficiently yet (see [12] for a review). GBL approaches have been shown to
enhance the experience of education as it can introduce a sense of self-competition and
challenge, increasing an individual’s drive and persistence to succeed [13]. Typically,
GBL approaches also provide a (visual) narrative in which the actual task is embedded,
that can enhance engagement [9] and motivation [14]. As such, a recent meta-analysis
[15] revealed that game fiction led to a significant increase in behavioural learning
outcomes (i.e., better performance after implementation of such game elements) when
compared to tasks without.

Taken together, the above highlights that on the one hand, increased MA is nega-
tively associated with math performance whereas on the other hand, GBL approaches
were found to improve not only attitudes towards math but also math performance [2,
4]. Accordingly, one might hypothesize that GBL approaches may reduce MA which,
in turn, may improve math performance. In fact, recent research suggests that GBL
approaches might be particularly helpful in improving attitudes toward math and math
performance [10, 16]. For instance, after implementation of GBL over five school days,
fifth-grade students showed improved attitudes towards math and increased average
achievement scores from 56% to 96% [10]. These results substantiate the benefits of
GBL on attitudes towards math and math performance in children.
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Similarly, sixth-grade children were assessed [9] on a game-based number line esti-
mation task and a magnitude comparison task. Levels of math performance and self-
reported test anxiety were compared to a non-game-based paper-pencil version of the
tasks. Findings indicated a positive impact of the game-based version as it was observed
to lead to decreased reports of test anxiety, but increased reported engagement and flow.
These findings further support the notion that GBL might help reduce levels of MA.

However, although researchers have found positive effects of GBL on attitudes
towards math and math performance [9, 10] there is a dearth of research that directly
compares effects of a game-based task version to an equivalent non-game-based version
of the same task on MA and math performance. Previous research indicated increasing
MA into adolescence [2], and fractions eliciting MA in particular [3]. Based on evi-
dence for fractions being a difficult concept not only for students but also adults [17],
the current study evaluated whether a game-based version of a (number line fraction esti-
mation) math task leads to reduced reported MA compared to a non-game-based version
of the same task. As MA should also be negatively associated with math performance
(cf. [2]), we further expected that participants should perform better in the game-based
as compared to the non-game-based version of the task.

2 Methodology

2.1 Participants

A sample of 36 participants, aged 18-25 was recruited. The sample consisted of 29
females (mean age = 21.2; SD = 1.35), six males (mean age = 22.7; SD = 1.37) and
one participant who did not disclose their gender (aged 23). All participants had obtained
at least a GCSE level qualification in mathematics and were students at a UK university
or recent graduates, thus, the fractions presented in the math tasks were familiar to them.

2.2 Math Anxiety

The Abbreviated Math Anxiety Scale (AMAS; [18]) is a 9-item self-report MA question-
naire that asks individuals to indicate their anxiety levels in different math situations on
a 5-point Likert scale ranging from 1 (No bad feelings) to 5 (Worst feelings); therefore,
higher scores indicated more pronounced MA.

2.3 Trait and State Anxiety

Participants’ trait and state anxiety were also assessed as control variables. The State-
Trait Anxiety Inventory (STAI; [19]) is a 40-item, 4-point Likert scale split into two
20-item self-report questionnaires for state and trait anxiety. The state-anxiety scale
asks participants to rate how they currently feel with statements, such as ‘I feel calm’.
Responses can range from 1 (Not at all) to 4 (Very much so). In the trait-anxiety ques-
tionnaire, participants have to rate how they generally feel regarding statements, such as
‘I feel satisfied with myself.” with responses ranging from 1 (Almost never) to 4 (Almost
always). For both questionnaires, higher scores indicated higher anxiety levels.
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2.4 Mathematical Task

In the current study, a game- and a non-game-based version of a fraction number line
estimation task was used (e.g., [20]), in which participants had to estimate the position
of a target fraction on a number line with only its endpoints specified (i.e., where goes
6/15 on a number line from 0-1; see also Fig. 1). Corrective feedback was offered in
both versions (i.e., a green indicator on the number line; see Fig. 1).

ke

U ' 1
1

Fig. 1. Game-based task version (left), and the non-game-based task version (right). Positive
feedback (top), and negative feedback (bottom). Corrective feedback was provided in both versions
with a vertical green line indicating the correct position of the target fraction. (Color figure online)

In the game-based version, participants maneuvered a dog along the number line
to their estimated position using the arrow keys of the keyboard and confirmed their
estimation of the target fraction by pressing the space bar. A short narrative was provided
to participants in the game version indicating that a cat hid bones in the forest and
the dog, through the player, needed to retrieve them. Accordingly, the dog showed
positive emotional feedback (see Fig. 1 upper left panel) when bones were found (i.e.,
the fraction was correctly estimated). In contrast, the dog showed negative emotions
when the estimated position was too far off the correct position (i.e., estimates more
than £10% from the correct position; see Fig. 1 lower left panel).

The non-game-based version of this task used the same underlying mechanics. How-
ever, instead of controlling the dog as an avatar, participants had to move a white visual
indicator along the number line to provide their estimation of the respective target frac-
tion. No narrative was provided in the non-game-based version. Accordingly, overall
visual design was kept minimalistic (see Fig. 1 right panels). Feedback as to the accu-
rateness of the estimation was only provided in terms of a green check mark (i.e., correct
estimation) or a red cross (i.e., incorrect estimation) using the same criteria as in the
game-based version.
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There were seven levels in both tasks, and each level presented twelve fractions,
totaling 84 fractions per task. The fractions were the same for both tasks but were
presented in a random order to prevent order effects. The fractions used in the games
were carefully selected to span equally across the number line from O to 1.

2.5 Procedure

The study used a within-participants design with participants randomly allocated into
one of two groups. One group completed the game-based task first, whereas the second
group completed the non-game-based task first. Through this counterbalancing, effects
of order of task versions were controlled for.

After signing the consent form, participants were given a link to a questionnaire on
Qualtrics, where along demographic details, they provided their level of math enjoyment
at school via a 5-point Likert scale from 1 (Disliked a great deal) to 5 (Thoroughly
enjoyed). Then participants completed the trait-anxiety part of the STAI questionnaire
first, followed by the state-anxiety part of the STAI [19], and the AMAS [18]. Both the
state-anxiety and AMAS questionnaires were completed before and after each number
line estimation task versions so differences in state and math anxiety could be calculated
from before to after completing either the game- or the non-game-based version.

2.6 Data Analysis

Mathematical Performance Analysis

Mathematical performance was measured by averaging each participant’s estimation
error in each task version (i.e., percentage of absolute estimation error for the game- vs.
non-game-based task version). Paired samples t-tests were used to compare estimation
errors and average response duration between the two task versions.

Anxiety Level Analysis

To evaluate potential differences in the change of state and math anxiety from before to
after the game-based vs. the non-game-based task version, the difference in anxiety for
each task version was calculated by subtracting pre-task anxiety scores from post-task
anxiety scores (i.e., state anxiety and AMAS scores). The differences in anxiety change
for each math task version were analyzed using one-way within-participant ANOVAs
for changes in state and math anxiety. In a second step, we further conducted addi-
tional ANCOVASs considering the covariates trait anxiety, gender, and math enjoyment
to control for potential influences of these.

Please note, while the majority of variables of interest met t-test/ ANOVA precondi-
tions, this was not the case for all (e.g., error data because of the instruction to perform
as accurate as possible). Therefore, we reran the analysis evaluating influences of task
version on changes in state/math anxiety and RTs/error rates using the Wilcoxon signed
ranks test. Results were identical to those reported in the following.
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Table 1. Descriptive statistics

Estimation error | Reaction time Change in math | Change in state
anxiety anxiety
Mean | SD Mean SD Mean SD Mean |SD
Game 5% 5% 7748 ms | 3004 ms | —0.17 |2.55 |0.74 5.89
Non-game | 5% 4% 7773 ms | 3550ms | —-0.11 225 |0.25 5.69

3 Results

Mathematical Performance: Results indicated that there was no significant difference in
estimation errors between non-game and game versions, 7(34) = 0.07, p = .94. Further-
more, there was also no significant difference in average duration for task completion,
between the non-game-based and game-based tasks, #(34) = 0.04, p = .97.

Out of the 84 fractions, the total number of correct responses within the non-game-
based version ranged from 34 to 84 and averaged 77.39. In the game-based version,
the total number of correct responses ranged from 23 to 84 and averaged 78.06. This
indicates that in general, participants received a high amount of positive feedback due
to their high accuracy in responses.

Anxiety Level: Differences between state anxiety and AMAS scores from before to after
the respective task version were calculated to measure anxiety changes due to the non-
game-based and game-based task version and were used as dependent variables in the
following analyses.

A one-way within-participant ANOVA was conducted to evaluate differences in the
changes in AMAS scores. Descriptive results indicated that the mean difference in MA
was slightly larger after the game task than the non-game task (see Table 1). However,
the ANOVA results indicated no significant effect of task type on changes in MA [F(1,
35) =0.12, p = .91, n; < .00].

Another one-way within-participant ANOVA was conducted to evaluate differences
in change of state anxiety between the two task versions. The mean change in state
anxiety was slightly larger for the game task than the non-game task (see Table 1).
However, the results also showed no significant effect of task type on changes in state
anxiety [F(1, 35) = 0.97, p = .76, 13 < .00].

Re-running these analyses considering trait anxiety, gender and math enjoyment as
covariates in the ANCOVAs did not change the outcomes [all F(1, 34) < 1.17, all p >
.29, all ng < .03]. Additionally, the ANCOVA results showed that none of the covariates
had a significant influence on the change of MA due to the respective task version [trait
anxiety: F(1, 34) = 0.42, p = .53, 13 = .01, gender: F(1, 34) = 2.06, p = .16, 15 =
.06, enjoyment of math: F(1, 34) = 1.83, p = .19, ng = .05]. That is, no significant
differences in the change of state/math anxiety due to the game and non-game-based
task version were observed as well as no significant influences of the covariates itself.
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4 Discussion

The present study compared the effects of a game-based and a non-game-based version
of a number line estimation task on participants’ reported MA, state anxiety, and perfor-
mance. As previous research found GBL approaches to improve attitudes towards math
as well as math performance [10, 16], it was expected that the game-based task version
would result in reduced MA and better performance compared to the non-game-based
version. Contrary to our expectations, no significant differences between the game-based
and a non-game-based version of the task on MA, state anxiety, as well as performance
were observed. In the following, we will discuss this in more detail and speculate as to
why the GBL approach did not have the expected impact on our variables of interest.

The results showed no significant difference in performance between the game-based
and the non-game-based task version. That is, the GBL approach used in the game-based
version of the mathematical task did not alter participants’ performance. This might have
to do with participants’ overall very high accuracy on the task (on average, only miss-
estimating by 5%). Accordingly, our hypothesis that the game-based task version should
lead to better performance was not supported as participants performed just as well in
both tasks.

Furthermore, we also did not observe a significant difference in the mean duration
spent on estimating the fractions in both versions of the task. As regards to duration, we
did not have a directed hypothesis. On the one hand, one might expect that the game-based
task version might increase participants engagement to invest more cognitive resources,
and thus they should respond faster. On the other hand, one might expect that the game-
based version might include elements potentially distracting participants from the actual
task, which would lead to slower responses (for a more comprehensive discussion on
this issue see [21]). It could also be considered whether the different versions of the task
would lead participants to sacrifice accuracy over speed, or vice versa, also known as
a speed-accuracy trade-off [22]. However, there was no indication of a speed-accuracy
trade-off in the data or any other effect on response duration.

To evaluate how the different task versions influenced participants’ MA, differences
in MA were calculated from before to after completing the respective version to see
whether these changes differed between the game- and non-game-based task version.
Results showed no significant difference in math or state anxiety change between task
versions, suggesting that the game version used in the current study did not influence
participants’ anxiety levels. Therefore, these results did not support our hypothesis that
the game-based version of the task should reduce reported MA more than the non-game-
based version. As for the reasons for these null effects, we can only speculate.

Overall, participants’ high estimation accuracy and the resulting predominant posi-
tive feedback (on average presented on about 77 and 78 out of 84 items in the non-game-
and game-based version, respectively) may have reduced anxiety levels or at least not
increased anxiety levels in the non-game-based task version. On the other hand, par-
ticipants may have performed well in both versions as they mostly reported low MA.
Following the classification of high and low MA [23] only three of the 36 participants
scored high on MA (i.e., scores of >31) on the AMAS [18]. Of the remaining 33 partic-
ipants, 24 scored low for MA (AMAS scores of <19) consistently. As such, a potential
negative effect of MA on cognitive performance in general and math performance in
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particular [3, 6] might not have been relevant in the current study because of low anxiety
levels. One might speculate that if the sample had been a highly math-anxious group
of participants at pre-test, the potential effects of game elements might be more pro-
nounced. Thus, replicating the findings of previous research highlighting the positive
impacts of GBL on attitudes towards mathematics [10, 16] might require rerunning the
study with a more math anxious sample. Nevertheless, it might also be the case that GBL
approaches may not (positively) affect math anxiety at all.

Additionally, our results may not have replicated earlier findings due to differing
participant characteristics from the samples used in previous research. For instance,
rather than fifth-graders [10], sixth-graders [9] or non-STEM students [16] (who have
shown reduced confidence in mathematics [24]), this study sampled 18-25-year-olds
who studied a range of STEM and non-STEM subjects, who may have differed in their
familiarity with mathematics.

Further ANCOVAs were used to investigate whether the results held when gender,
trait anxiety and level of enjoyment of math whilst at school were controlled for. Gender
was considered as a covariate because it has been shown to be predictive of MA, with
females showing higher levels of MA than males [25]. Importantly, controlling for the
influence of gender did not change the results. Nevertheless, it is interesting to note
that the three participants who scored high on MA were all female, thus somewhat
reflecting previous findings [25]. Trait anxiety (as previous research indicated moderate
associations with MA) and math enjoyment were also controlled for as covariates, but
also did not change the results, and as such, were not influencing factors.

The current study is one of the first to investigate the effects of a game-based as
compared to a non-game-based version of the same math task on math and state anxiety
and math performance (see [12] for a brief review). Therefore, albeit no significant effects
were identified, this study contributes to current discussions on the affective effects of
GBL approaches [26] and their potential benefits to reduce MA.

Limitations and Future Perspective: Although MA has shown to increase throughout
childhood to adolescence [2], in particular when solving fractions [3], future research
should aim at investigating more math-anxious and potentially younger students. As
well as considering participants’ familiarity with fractions, as this may mediate MA and
math performance [17].

Furthermore, potential long-term effects of the game-based vs. non-game-based task
version on MA and performance were beyond the scope of this study as participants only
had one session of GBL. Research has found that multiple sessions of GBL, compared
to a single play session, have a more pronounced effect on learning outcomes [27]. As
such, multiple sessions of GBL may also be more desirable to address MA.

Additionally, despite the two math tasks showing visual differences, the underlying
game mechanics were identical (i.e., number line estimation). This limit in contrast
between task versions may also account for not observing significant differences in
changes in MA. Thus, future research may aim at increasing the contrast between game-
based and non-game-based conditions by introducing additional game elements (such
as competitive goals, leaderboards, etc.) to boost potential influences of GBL on MA.
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Conclusion. The current study is one of the first to investigate effects of a game-based
version of a fraction estimation task on math anxiety and performance compared to
an identical non-game-based version. Results indicated that there was no significant
difference in changes of math and state anxiety due to the game- vs. non-game-based
task version. This suggests that the game-based version of the math task did not impact
participants’ anxiety levels. Furthermore, participants also performed just as well in
both task versions. These results may be explained by overall low MA in the present
sample, who mostly showed only low MA at pre-test and the overall high performance
in the math task. One might assume that the low math anxiety influenced the high math
estimation accuracy, which, in turn, kept anxiety low due to the predominant positive
feedback received in both versions of the task. As such, further research based on a more
math anxious sample would be desirable to better understand potential benefits of GBL
approaches on MA.
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Abstract. Accumulating evidence indicates that game-based learning is emotion-
ally charged. However, little is known about the nature of emotions in game-based
learning. We extended previous game-based learning research by examining epis-
temic emotions and their relations to flow experience and situational interest.
Sixty-eight 15—18-year-old students played the Antidote COVID-19 game for 25
min. Epistemic emotions, flow, and situational interest were measured after the
playing session. These measures indicated that the game engaged students. Stu-
dents reported significantly higher intensity levels of positive epistemic emotions
(excitement, surprise, and curiosity) than negative epistemic emotions (boredom,
anxiety, frustration, and confusion). The co-occurrence network analyses provided
insights into the relationship between flow and situational interest. We found an
asymmetrical pattern of the “situational interest-flow” co-occurrence. When sit-
uational interest occurred, the flow was always co-occurring. This co-occurrence
suggests that situational interest could be a prerequisite or a potential trigger for
flow experience but not an adequate state ensuring a high flow experience. Further,
flow and situational interest co-occurred mainly with positive epistemic emotions.
The findings imply that flow and situational interest are similar constructs and share
several characteristics. The study also demonstrated that epistemic emotions, flow,
and situational interest can be used as proxies of engagement. Implications of the
findings are discussed.

Keywords: Game-based learning - Epistemic emotions - Flow experience -
Situational interest - Engagement

1 Introduction

The mechanisms of successful game-based learning processes are still poorly understood
[1,2]. A recent systematic survey [3] revealed that affective-cognitive models of learning
[3, 4] had gotten little attention in the game-based learning field. This is surprising as
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theories that emphasize both affective and cognitive aspects dominate contemporary
multimedia learning research, and it has been hypothesized that emotional engagement
may play a crucial role in game-based learning. Although recent research has indicated
that game-based learning is emotionally charged [2, 6], the nature and objects of emotions
in game-based learning have not been thoroughly examined. Particularly the role of
emotional engagement in game-based learning is unclear.

Engagement can generally be defined as active involvement in a given learning
task [7]. According to Fredricks, Filsecker, and Lawson [8], learner engagement con-
sists of three distinct but interrelated dimensions: behavioral, emotional, and cognitive
engagement dimensions. In the present study, we used two motivational constructs, flow
experience, and situational interest, as proxies of engagement as suggested in [9]. More-
over, to better address students’ emotional engagement in the Antidote COVID-19 health
literacy game, we also measured students’ epistemic emotions.

1.1 Flow and Situational Interest

Flow theory defines intrinsically-motivated behaviors resulting from immediate sub-
jective experiences that occur when learners engage in a learning activity [10]. Flow
is characterized by a holistic feeling of becoming completely absorbed in the learning
activity, the merging of action and awareness, the increased focus of attention to a partic-
ular stimulus, a lack of self-awareness, and a feeling of agency over learners’ own actions
and the environment. Flow can only occur when learners perceive a balance between
their skills and tasks. Three-channel model of flow emphasizes that flow is not a stable
state. For example, a player occasionally tends to experience either boredom (too easy
challenges) or anxiety (too demanding challenges), which may motivate the player to
strive for the flow state to experience enjoyment again. A recent study examining the
relationship between flow and emotions showed that players who experienced higher
positive emotions (happiness and excitement) also experienced higher flow [11].

Because flow can be a relatively unstable state, game designers aim to design game
mechanics to elicit learners’ situational interest in the game, as interest is often required
for learners engaging in a state of flow [12]. Situational interest is theoretically described
as both a psychological and motivational state, leading to re-engagement in learning
activities [13]. Situational interest emerges from interaction with the features built into
the environment, for example, game elements and game mechanics in learning games.
According to Kiili et al. [9] flow experience and situational interest can be used as proxies
of engagement in game-based learning as these constructs explain why people engage
in activities. Their study revealed that although flow experience and situational interest
are strongly related, situational interest is mainly related to immersive aspects of flow
and does not reflect the fluency dimension of flow.

1.2 Epistemic Emotions

Affective-cognitive models of learning [4, 5] emphasize that emotions are not only
by-products but drivers of learning. In general, emotions can be defined as affective
episodes that are induced by a certain stimulus and have an object. Academic emotions
can be classified as achievement, topic, epistemic, and social [14]. In this paper, we
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focus on epistemic emotions because epistemic emotions are directly related to the
learning process [15], can motivate learners to engage in cognitive activities [14], and
can influence learning outcomes and performance [16]. According to [17] knowledge
and the generation of new knowledge are the objects of epistemic emotions (surprise,
curiosity, enjoyment, confusion, anxiety, frustration, boredom). In contrast, the stimuli
and object of achievement emotions relate to success or achievement in academic tasks.
In game-based learning, players may experience topic emotions due to the content of
the narrative itself, for example COVID-19 pandemic, rather than as a function of their
experience of processing the earning content included in the game (epistemic emotions)
or their appraisals of control or value of the game-based learning activity (achievement
emotions).

Epistemic emotions can be classified according to their valence (positive/negative)
and strength of physiological arousal (activating/deactivating). In general, research has
indicated that positive activating emotions support learning more than negative ones [5]
by facilitating, for example, elaboration and critical thinking [18]. Thus, game-based
learning activities should aim to promote positive epistemic emotions (e.g., curiosity,
enjoyment) and reduce negative epistemic emotions, deactivating negative emotions
(boredom) in particular. It has been argued that boredom can impair the systematic use
of learning strategies undermining the effectiveness of learning activities [ 18]. However,
it is noteworthy that some negative activating emotions (e.g., confusion) and neural
emotions (e.g., surprise) may facilitate learning in certain learning settings.

1.3 Present Study

The present study had two objectives: to examine student engagement in the Antidote
COVID-19 game and examine the similarities and differences between flow experi-
ence and situational interest in relation to epistemic emotions. Figure 1 Summarizes the
expected outcomes of the study.
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Fig. 1. The expected outcomes of the study (EM = Epistemic Emotion).

First, we examined students’ engagement in the Antidote COVID-19 game. We used
flow experience, situational interest, and epistemic emotions as proxies of engagement.
Previous research has indicated that game-based learning engages students [2, 6]. Thus,
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we expected that students report high levels of situational interest and flow. Further,
we expected that students report significantly higher positive epistemic emotions than
negative ones. To make reporting of the results simpler, we classified surprise as a
positive emotion, although it is usually considered a neutral emotion. Second, we exam-
ined relations between flow experience, situational interest, and epistemic emotions. We
expected to find a strong positive correlation between flow and situational interest, as
demonstrated in [9]. The downside of correlational analyses is that it only looks for
coupling between variables regardless of their magnitude. For example, a correlational
analysis might yield a high relationship between flow and situational interest, although
both variables might be scored towards the lower end of the used measurement scale. The
co-occurrence network analysis, which we employed in this study, tackles this limitation
by studying the coupling of variables only towards the higher end of measurement scales
[19]. Therefore, we employed co-occurrence network analysis to describe how often dif-
ferent epistemic emotions are reported together with flow and situational interest within
individuals. With these analyses, we aimed to answer the following research questions.
How often do students report flow experience and situational interest together, and how
strong is this relationship? Which specific epistemic emotions occur together with flow
experience and situational interest, and how often?

2 Method

Participants. Sixty-eight 15-18-year-old (M = 16, SD = 0.78) students participated
in the study. Students were recruited from two Finnish schools. There were 43 high
school students and 25 9th graders. 22 of the participants were men and 40 women;
six students reported their gender as “other.” 60% of the participants reported playing
computer games, mobile games, or console games at least a couple of times a week.

Game Description. Antidote COVID-19 is a mobile game about viruses, the human
immune system, vaccines, and pandemics. PsyonGames has developed the game, and
WHO has validated the game contents. Antidote COVID-19 is a tower defense game
where the player tries to protect the base of the cell from a swarming danger (enemies),
bacteria, and viruses (see Fig. 2). The main enemy is the coronavirus. The game tells a
story about discovering the characteristics of coronavirus and learning to fight against
it by developing vaccines. The story is told through messages from the laboratory and
comic strips delivered during the gameplay. In each level, the player must first create a
passageway that enemies must take to get to the base cell. Along that route, the player
can build defense towers (white blood cells such as monocytes, macrophages etc.) that
try to destroy the enemies. If too many enemies reach the base cell, the player will
lose and must start the level again. By completing levels, the player earns new types
of towers and RNA-points, which the player can use to upgrade vaccines that give the
player certain advantages. The game gives the player feedback about performance with
the health points and RNA-points. At any time, the player can use an encyclopedia to
get information about different cells, enemies, and vaccines included in the game.

Measures. We measured epistemic emotions with a short version of the Epistemically-
Related Emotion Scales [17] designed to measure surprise, curiosity, enjoyment, confu-
sion, anxiety, frustration, and boredom. Each emotion was measured with a single item
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by asking students to reflect on how strongly they felt the different emotions when they
played the game. A five-point Likert scale with the response categories from 1 = not
at all, 2 = quite a little, 3 = moderately, 4 = strongly, 5 = very strongly was used. In
this short version of the scale, enjoyment is measured with the item of excitement. We
measured situational interest with four items [20] (e.g., I think this topic is interesting).
A 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree) was used.
We measured flow experience with a slightly modified 10-item version of the Flow Short
Scale [21]. The statements were changed to past tense and made the activity refer to game
playing [9]. A scale ranging from 1 (strongly disagree) to 5 (strongly agree) was used
instead of the original 7-point scale. All the used scales were administered in Finnish.

Fig. 2. Gameplay: Coronavirus is trying to reach the base that the player is protecting with towers.

Procedure. The study was conducted during a regular school day. First, the researcher
presented a video to participants that provided study details and practical instructions.
Second, every participant received a randomly generated participation code (tag) that
was used for logging in to digital pre-and post-questionnaires. Next, participants filled
out demographics and a consent questionnaire. After pre-measures, participants played
the Antidote COVID-19 game for 25-min with iPads. Finally, participants completed
the questionnaire about their motivational and emotional experiences and reported the
level that they reached in the game.

Co-occurrence Network Analysis. In general, correlational analyses look for coupling
between variables of interest regardless of their magnitude. In co-occurrence network
analysis, the magnitude is considered, and only the higher end of a measurement scale is
used to coupling variables [19]. Usually, the higher end is decided based on the mid-level
of the measurement scale [22]. That is, co-occurrence is manifested if both variables of
interest are scored above the mid-level of the scale. Drawing on this, a dichotomous
coding was applied to the epistemic emotions, situational interest, and flow scales. In
the present study, we coded the responses that were above three as 1. Otherwise, the
responses were coded as 0. Following, co-occurrence network analysis with louvain
community detection algorithm was applied on the dichotomous scores to observe the
overlaps between situational interest, flow, and epistemic emotions [23]. In the analysis,
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variables are considered as nodes, and the co-occurrences between them are considered
as edges (i.e., connections between the nodes). The analysis was conducted with igraph
R package [24].

3 Results

3.1 Engagement

The descriptive statistics of all measures are shown in Table 1. The reliability of flow
experience (o = .91) and positive emotions were good (o = .87), the reliability of
situational interest (o = .78) was acceptable, and the reliability of negative emotions
was poor (o = .53). Boredom, which was the only deactivating emotion on the used
emotion scale lowered the reliability of the formed negative emotions construct.

Table 1. Descriptive statistics of engagement measures

Mean Standard deviation Occurrence (f)
Flow experience 3.77 0.79 55
Situational interest 3.29 0.81 42
Positive epistemic emotions 3.21 0.89 -
Surprised (A) 3.12 1.09 25
Curious (A) 3.18 0.88 24
Excited (A) 3.34 1.02 34
Negative epistemic emotions 2.09 0.68 -
Confused (A) 2.79 1.17 20
Anxious (A) 1.57 0.91 4
Frustrated (A) 2.26 1.15 12
Bored (D) 1.72 0.98 4

The results indicate that the game engaged students as most reported moderate-to-
high intensity of flow, situational interest, and positive epistemic emotions. Moreover, the
students reported lower levels of negative epistemic emotions. Further, Paired Samples
T-Test indicated that the game induced significantly higher intensity of positive epistemic
emotions in students (M = 3.21, SD = 0.89) compared to negative epistemic emotions
M =2.09,SD =0.68),t(67) =7.48, p < .001,d = 0.91. The frequency of students who
experienced flow, situational interest, and each emotion are also presented in Table 1. The
Occurrence column of Table 1 confirms that most students reported that they experienced
flow (f = 55) and situational interest (f = 42). Excitement (f = 34), surprise (f = 25),
and curiosity were the most frequently occurred epistemic emotions. However, only a
small fraction of the students experienced anxiety (f = 4) and boredom (f = 4).
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3.2 Relations Between Flow, Situational Interest, and Epistemic Emotions

As expected, the correlation between flow and situational interest was large, r = .62,
p < .001. To examine the relation more deeply, we considered the relations between
flow, situational interest, and epistemic emotions with co-occurrence network analysis.
Table 2 shows the co-occurrence of epistemic emotions with flow, and Table 3 shows the
co-occurrence with situational interest (note that the edge weight indicates how often
two variables were reported together). It was observed that a high-intensity level of flow
occurred 55 times and a high-intensity level of situational interest 42 times. The most
often co-occurring epistemic emotions with flow were excitement (edge = 34; 62%),
surprise (edge = 25; 46%), and curiosity (edge = 23; 42%). There was the similar
trend in situational interest as the most co-occurring epistemic emotions with it were
excitement (edge = 30; 71%), surprise (edge = 25; 60%), curiosity (edge = 23; 55%).
Anxiety and boredom co-occurred very rarely with flow and situational interest. Further,
the analyses revealed that a high-level situational interest was always accompanied with
high level of flow (edge = 42; 100%).

Table 2. Co-occurrences of flow and motivation/emotion pairs

Node 1 Node 2 Edge weight % of all edges % of self-edge
Flow Sit. Interest 42 20, 4 76,4
Excited 34 16,5 61,8
Surprised 25 12,1 45,5
Curious 23 11,2 41,8
Confused 14 6,8 25,5
Frustrated 9 4,4 16,4
Anxious 1,5 55
Bored 1 0,5 1,8
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Table 3. Co-occurrences of situational interest and motivation/emotion pairs

Node 1 Node 2 Edge weight % of all edges % of self-edge
Sit. Interest Flow 42 23,6 100, 0
Excited 30 16,9 71,4
Surprised 25 14,0 59,5
Curious 23 12,9 54,8
Confused 9 5,1 21,4
Frustrated 6 3,4 14,3
Anxious 1 0,6 2,4
Bored 0 0,0 0,0

4 Discussion

This research responds to demands to explore emotions in game-based learning [1]. We
extended previous research by examining epistemic emotions, emotions that motivate
learners to engage in cognitive activities, and their relation to flow experience and sit-
uational interest in a health literacy game. While most previous studies have examined
relations between motivational constructs and emotions with correlational analyses, sys-
temic research on how epistemic emotions are coupled with motivational constructs is
scarce. Thus, we utilized co-occurrence network analysis to achieve a deeper under-
standing of whether and how emotional and motivational experiences are coupled with
each other during game-based learning.

4.1 How Engaging the Game Was?

Both the motivational and emotional measures indicated that the game engaged students
and induced positive emotional responses. The results are in line with previous studies
indicating that game-based learning is emotionally charged [2, 6]. However, this study
shed light also on nature of experienced emotions. Previous research has shown that
positive activating epistemic emotions enhance engagement in learning environments
[25]. For example, surprise and curiosity might facilitate greater knowledge exploration
behaviors [26]. However, both negative activating and deactivating epistemic emotions
were found to hinder engagement although negative activating emotions (e.g., frustra-
tion) might also facilitate short-term engagement through triggering extrinsic motiva-
tions to avoid failure [25, 27, 28]. In light of this line of research, it can be claimed that
the current game-based learning environment facilitated enjoyable and engaging learn-
ing experiences since students reported higher intensity-levels of positive epistemic
emotions compared to the negative epistemic emotions. Further, previous research has
indicated that boredom can impair the systematic use of learning strategies which tends
to undermine the effectiveness of learning activities [18]. In that sense, the used game
was very successful as only four students reported experiencing boredom. Further, most
participants reported high-intensity levels of flow and situational interest. The findings
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imply that positive epistemic emotions might facilitate enjoyable game-based learning
experiences and contribute to learning engagement.

4.2 Flow, Situational Interest, and Epistemic Emotions as Indicators
of Engagement

Consistent with a recent study [9], we found a strong positive correlation between flow
and situational interest. The co-occurrence network analyses provided new insights into
this relationship. We found an asymmetrical pattern of the “situational interest-flow”
co-occurrence. When situational interest occurred, flow was always co-occurring. How-
ever, experienced flow did not always accompany situational interest. This suggests that
situational interest could be a prerequisite or a potential trigger for experiencing flow
but not an adequate state ensuring high flow experience. On the other hand, flow refers
to an optimal psychological state that occurs when challenges and skills are in balance
[10]. It might be possible that although the topic and the game did not interest some of
the students, the appropriate challenges and fluent gameplay may have facilitated the
intensity of flow. In general, our findings indicate that flow can be experienced without
experiencing high levels of situational interest. Thus, it seems that a moderate level of
situational interest would be sufficient for some learners to experience flow.

The current study goes beyond revealing the trend of shared variation among epis-
temic emotions and motivational constructs with correlational analysis. It shows distinct
sub-groups of both frequent and rare co-occurrences among flow, situational interest,
and epistemic emotions. Overall, the current findings imply that flow and situational
interest are highly coupled with each other. Further, they both mostly co-occur with
epistemic emotions on the positive valence spectrum than negative. The study also
demonstrated that epistemic emotions, flow, and situational interest reveal interesting
qualities of game-based learning and thus it is useful to use all of them as proxies of
engagement.

4.3 Limitations and Future Directions

There are some limitations in our study and the findings should be interpreted carefully.
It is probable that the used retrospective questionnaire did not grasp all epistemic emo-
tions that students experienced when they played the game. It is also possible that the
emotions that students reported were not always necessarily epistemic in nature. For
example, students may have reported achievement emotions based on their success in
the game (e.g., enjoyment or anxiety) instead of emotions induced by the knowledge
processed while playing the game. Further, the topic of the game was sensitive and may
have induced topic emotions in students. However, in one think-aloud study in which
epistemic emotions were measured, most of the reported emotions were epistemic in
nature [18]. Nevertheless, we emphasize that questions used to measure epistemic emo-
tions should be carefully aligned with the object of epistemic emotions in future studies.
The other limitation is that we conducted a short study, and thus it was not reasonable to
measure learning outcomes. In future studies, the relations between epistemic emotions
and learning outcomes should be investigated. Further, for example, think-aloud studies
could be conducted to explore what game elements induce epistemic emotions.



158

K. Kiili et al.

Acknowledgments. This research is funded by the Strategic Research Council (SRC).

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Loderer, K., Pekrun, R., Plass, J.L.: Emotional foundations of game-based learning. In: Plass,

J.L., Mayer, R.E., Homer, B.D. (eds.) Handbook of Game-Based Learning, pp. 111-151. MIT
Press, London (2020)

Ninaus, M., et al.: Increased emotional engagement in game-based learning—a machine
learning approach on facial emotion detection data. Comput. Educ. 142, 103641 (2019)

. Krath, J., Schiirmann L., Von Korflesch, H.F.: Revealing the theoretical basis of gamification:

a systematic review and analysis of theory in research on gamification, serious games and
game-based learning. Comput. Hum. Behav. 125, 106963 (2021)

Plass, J.L., Kaplan, U.: Emotional design in digital media for learning. In: Tettegah, S.Y.,
Gartmeier, M. (eds.) Emotions, technology, design, and learning, pp. 131-161. Academic
Press (2016)

Mayer, R.E.: Searching for the role of emotions in e-learning. Learn. Instr. 70 101213, (2019)
Greipl, S., et al.: When the brain comes into play: neurofunctional correlates of emotions and
reward in game-based learning. Comput. Hum. Behav. 125, 106946 (2021)

Newmann, EM.: Student Engagement and Achievement in American Secondary Schools.
Teachers College Press, New York (1992)

Fredricks, J.A., Filsecker, M., Lawson, M.A.: Student engagement, context, and adjustment:
addressing definitional, measurement, and methodological issues. Learn. Instr. 43, 1-4 (2016)
Kiili, K., Lindstedt, A., Koskinen, A., Halme, H., Ninaus, M., McMullen, J.: Flow experience
and situational interest in game-based learning: Cousins or identical twins. Int. J. Serious
Games 8(3), 93-114 (2021)

Csikszentmihalyi, M.: The flow experience and its significance for human psychology.
Optimal Experience: Psychol. Stud. Flow Consciou. 2, 15-35 (1988)

Kiili, K., Lindstedt, A., Ninaus, M.: Exploring characteristics of students’ emotions, flow and
motivation in a math game competition. In: CEUR Proceedings, vol. 2186, pp. 10-29 (2018)
Guo, Z., Xiao, L., Van Toorn, C., Lai, Y., Seo, C.: Promoting online learners’ continuance
intention: an integrated flow framework. Inf. Manag. 53(2), 279-295 (2016)

Hidi, S., Renninger, K.A.: The four-phase model of interest development. Educ. Psychol. 41,
111-127 (2006)

Muis, K.R., Chevrier, M., Singh, C.A.: The Role of epistemic emotions in personal
epistemology and self-regulated learning. Educ. Psychol. 53(3), 165-184 (2018)

Vilhunen, E., Turkkila, M., Lavonen, J., Salmela-Aro, K., Juuti, K.: Clarifying the relation
between epistemic emotions and learning by using experience sampling method and pre-
posttest design. Front. Educ.: Educ. Psychol. (2022)

D’Mello, S., Lehman, B., Pekrun, R., Graesser, A.: Confusion can be beneficial for learning.
Learn. Instr. 29, 153-170 (2014)

Pekrun, R., Vogl, E., Muis, K.R., Sinatra, G.M.: Measuring emotions during epistemic
activities: the epistemically-related emotion scales. Cogn. Emot. 31(6), 1268-1276 (2017)
Muis, K.R., et al.: The curious case of climate change: testing a theoretical model of epistemic
beliefs, epistemic emotions, and complex learning. Learn. Instr. 39, 168-183 (2015)
Moeller, J., Ivcevic, Z., Brackett, M.A., White, A.E.: Mixed emotions: network analyses of
intra-individual co-occurrences within and across situations. Emotion 18, 1106 (2018)



20.

21.

22.

23.

24.

25.

26.

27.

28.

Motivation and Emotions in a Health Literacy Game 159

Schmidt, H.G., Rotgans, J.I.: Epistemic curiosity and situational interest: distant cousins or
identical twins? Educ. Psychol. Rev. 33(1), 325-352 (2021)

Engeser, S., Rheinberg, F.: Flow, performance and moderators of challenge-skill balance.
Motiv. Emot. 32(3), 158-172 (2008)

Tang, X., Renninger, K.A., Hidi, S., Murayama, K., Lavonen, J., Salmela-Aro, K.: The dif-
ferences and similarities between curiosity and interest: meta-analysis and network analyses.
Learn. Instr. 80, 101628 (2020)

Christensen, A.P., Golino, H., Silvia, P.J.: A psychometric network perspective on the validity
and validation of personality trait questionnaires. Eur. J. Pers. 34(6), 1095-1108 (2020)
Csardi, G., Nepusz, T.: The igraph software package for complex network research. Int. J.
Complex Syst. 1695(5), 1-9 (2006)

Loderer, K., Pekrun, R., Lester, J.C.: Beyond cold technology: a systematic review and meta-
analysis on emotions in technology-based learning environments. Learn. Instr. 70, 101162
(2020)

Vogl, E., Pekrun, R., Murayama, K., Loderer, K.: Surprised—curious—confused: epistemic
emotions and knowledge exploration. Emotion 20(4), 625-641 (2020)

Goetz, T., Hall, N.C.: Emotion and achievement in the classroom. In: Hattie, J., Anderman,
E.M. (eds.) International guide to student achievement, pp. 192—-195. Routledge, London
(2013)

Sabourin, J.L., Lester, J.C.: Affect and engagement in game-based learning environments.
IEEE Trans. Affect. Comput. 5(1), 45-56 (2013)

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons license and
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative

Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.


http://creativecommons.org/licenses/by/4.0/

)

Check for
updates

1

Environmental issues such as climate change, pollution and species extinction
have become a central concern for human societies, with 28% of all assessed
species currently under threat of extinction [8]. However, different attitudes and
levels of knowledge about the environment have been found among individu-
als [5,19]. People’s pro-environmental attitudes are connected with their support
for environmental policies and regarded as an important part of the protection
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of the environment [19], which is why raising awareness and positive attitudes
towards environmental issues is key to facing these concerns. Increasing efforts
by organisations such as the UN to increase awareness have led to the growth of
Environmental Education (EE) as a field of study [5,18,20].

Researchers in the field of EE focus on both cognitive and affective aspects
of people’s engagement with nature, aiming to improve both individuals’ knowl-
edge about the environment and their attitude towards it. This is believed to
be the “key entry point” for EE and the precursor to pro-environmental behav-
ior [18,20]. Media such as films, simulations and games are common tools to effec-
tively increase knowledge and promote pro-environmental attitudes. For exam-
ple, films have been found to be effective in changing people’s understanding
and attitude towards nature and making them more environmentally sensitive.
After watching a nature documentary about insects, participants demonstrated
improved knowledge as well as more positive emotional feelings about insects [1].

Simulations and games have been frequently examined in EE research and
have been found to be both enjoyable and useful for learning [9,10,22]. Simu-
lation activities are considered a necessary part and one of the most effective
techniques for EE programs. Through physical simulations, students can repli-
cate animals or animal skills for survival in the natural world, thereby learning
about environmental concepts and increasing their awareness of environmental
issues [25].

Digital simulations have also been used as an EE tool, for example in dig-
ital games. Previous research found positive effects of simulation games in EE
by fostering the understanding of climate change [24]. To raise people’s aware-
ness about environmental challenges, a serious game called ‘Save the Planets’
was developed based on life simulation game scenarios. Save the Planets invited
players to nurture the planets in the game and results showed that it could
positively enhance players’ en