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Preface

The 9th Conference on Games and Learning Alliance (GALA 2020) was organized by
the Serious Games Society (SGS) and Le Mans University, France, and more specif-
ically the researchers in the extension of this university in the city of Laval, France.
Due to the COVID-19 crisis, the conference was exceptionally held online, in the Laval
Virtual World.

The GALA series of conferences provide an excellent opportunity to foster the
discussion of relevant topics in the growing field of serious games. The conference is a
venue for academic researchers, industrial developers, teachers, and corporate
decision-makers to meet and exchange experiences and knowledge in this multidisci-
plinary and challenging area.

In 2020, the GALA conference received 77 submissions. A total of 273 authors
from 24 countries contributed their work to GALA 2020. The majority of authors are
based in Europe (70%), including 17% of French authors, but North America and
Canada (18%) were also quite well represented in the submissions for this online
edition. On average, papers received 2.7 reviews from Program Committee members:
35 of these papers were selected for presentation at the conference (hence a 45%
acceptance rate) and 10 papers for presentation at a poster session of the conference.
These poster articles are included in these proceedings as short papers.

It was an honor to have Pr. Anna Cox from the UCL Interaction Centre (UCLIC) at
the University College London, UK, and Anne-Gwenn Bosser from the Centre
Européen de Réalité Virtuelle (CERV) at ENIB in France, as keynote speakers.

The conference featured seven sessions of paper presentations, and topics ranged
from serious game design practices, gamification theories and applications, studies on
engagement, learning, and usability of serious games, as well as virtual and mixed
reality, storytelling, creativity, and awareness.

Instead of the traditional social event, the conference featured a treasure hunt game
in the virtual world. The enigmas were related to women in computer science and to the
history of the GALA conference itself.

Importantly for this year, the conference was accompanied by a serious game
competition with a special focus on innovative human-computer interactions for
learning. We received 30 submissions. With the help of a panel of experts, one serious
game was awarded in each of the following categories: business, academic, and
student.

As is the case every year, one of the highlights of the conference was the exhibition
session. This year, it was hosted in the virtual exhibition hall of the Laval Virtual
World. The exhibition featured 25 games developed by institutions and students as well
as a selection of virtual and mixed reality tools developed by local industries.

As in previous years, selected best papers of the GALA conference will be pub-
lished in a dedicated special issue of the International Journal of Serious Games, the
scientific journal managed by the SGS, which is a great reference point for academics



and practitioners to publish original research work on serious games, and be informed
about the latest developments in the field. We thank the authors for submitting many
interesting, field-advancing papers, the Program Committee for reviewing these papers,
and the SGS and Le Mans University for organizing the conference.

October 2020 Iza Marfisi-Schottman
Francesco Bellotti
Ludovic Hamon
Roland Klemke
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Accessibility and Serious Games: What About
Entity-Component-System Software

Architecture?

Mathieu Muratet1,2(B) and Délia Garbarini3

1 CNRS, LIP6, Sorbonne Université, 75005 Paris, France
mathieu.muratet@lip6.fr

2 INSHEA, Université Paris Lumière, 92100 Suresnes, France
3 Université Paris Lumière, Paris 8, 93526 Saint-Denis, France

Abstract. Video games are an integral part of popular culture. The video game
industry faces challenges with the increase in players’ numbers and application
areas including serious games. The increase in the number of players includes
disabled players. Therefore, serious games have to consider these audiences who
may be affected by one or more temporary or ongoing disabilities. Universally
accessible games (UA-Games) aim to create interfaces that can be accessed and
manipulated by the largest number of players. Currently few serious games include
accessibility features, while accessibility should be considered at the beginning of
the serious gamedesign. Thenhowcanwehelp designers anddevelopers to include
accessible features in an existing serious game? To this end, game engines must
be efficient but also scalable and modular. This paper studies the interest of the
Entity-Component-System (ECS) software architecture to integrate accessibility
features in an existing serious game. As a case study, we will take a serious game
developed with ECS yet not accessible: E-LearningScape. We will present the
accessible features that we have integrated into the serious game and discuss the
pros and cons of this approach. This feedback shows us that ECS provides very
useful design flexibility to integrate unanticipated interaction features into serious
games.

Keywords: Accessibility feature · Data oriented programming ·
Entity-Component-System · Serious games · Software architecture · Universal
design

1 Introduction

Nowadays, video games have become a leisure activity for a large number of people.
The Entertainment Software Association announces that 65% of American adults play
video games [1]. 54% of them are male and 47% are female. On a global scale, video
games represent an object of sharing, socialization, and learning that allows players to
interact with the world, to be part of the community and meet people.

However, a large number of people face difficulties in playing video games due to
one or more disabilities. Video games stimulate eyesight, hearing and touch, and require

© Springer Nature Switzerland AG 2020
I. Marfisi-Schottman et al. (Eds.): GALA 2020, LNCS 12517, pp. 3–12, 2020.
https://doi.org/10.1007/978-3-030-63464-3_1
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players to analyze this multimodal information and performmotor actions in return (i.e.:
ability to hold a joystick or perform large movements) [2–4].

The increase in the number of players includes disabled players whose temporary
or chronic impairments reveal inaccessible gaming situations or interaction modalities.
To offset this problem, video games have to be adapted to their entire audience. Various
approaches attempt to tackle this problem and one is to design universally accessible
video games (UA-Games) [2, 5–7]. This method aims to create many interfaces for
everyone, so as to be accessible to as many players as possible with their abilities and
disabilities. However, in their survey, Yuan et al. [4] found that small number of games
incorporated the “design for all” paradigm and that few games implemented a multi-
modal approach where multiple interfaces are designed for different impairments. One
challenge is thus to help designers and developers to update existing games in order to
incorporate accessibility features when they have not been anticipated.

To reach this objective, the game engine architecture must be flexible enough, during
the game development process, to allow to add new features, to test different interac-
tion modalities and to propose several representations of information. In this paper, we
focus on Entity-Component-System (ECS) software architecture. This growing soft-
ware architecture seems to embed mechanisms favoring modularity and scalability. It is
a data-oriented approach based on the notion of composition. Several studies show that
ECS can address objected-oriented programming limitations in the field of video games
development [5, 8, 9].

Thus, our research question in this paper is: Does ECS architecture help to add
unanticipated accessibility functionalities inside a serious game?

In the next section, we will discuss the challenges of adaptation in serious games.
Then, in section three, wewill present, the ECS software architecture used to develop the
serious game studied in this article. In section four we will introduce the methodology
we follow in this research and in section five, we will present results about the pros and
cons of ECS architecture for integrating new accessibility features, before concluding.

2 Serious Games Adaptation Issues

Serious games aremultimodal applications. They require players to have sensory, mental
and motor skills. These skills are required to interpret stimuli produced by the game
and to control the game through input device control (handle a controller, keyboard,
mouse, touchscreen interface, etc.) [2–4, 10]. Yuan et al. [4] identified two categories
of stimuli. The first one is essential to achieve a good understanding of the game, as
a player who does not perceive these stimuli will not be able to play it. The second
one complete the first and is not essential to understanding the game. In the majority
of games, primary stimuli are essentially visual while secondary stimuli exploit hearing
and haptic (controller vibration) features.

Thus, Bierre et al. [6] identified that the inaccessibility of video games is mainly due
to the lack of perception of primary and secondary stimuli (because of visual or hearing
impairments for instance) but also to the player’s ability to analyze these stimuli and
provide new actions in return. An overload of visual and hearing stimuli can place players
with cognitive impairment in serious difficulty processing information and deciding
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which answer to provide. A motor impairment will limit the player’s abilities to carry
out the response if it results in in-game control manipulations, especially in a limited
time context.

Much research contributes to producing knowledge on video game accessibility.
Some studies analyze the difficulties met by players [4] and others focus on new func-
tionalities to make video games more accessible [2]. The improvement of video game
accessibility is also inspired by the standards initially developed forwebsites (WCAG1 et
W3C2). There are indeed similarities, in particular for interfaces and menu management
(button spacing, alternative texts, subtitles, animations, contrast modification, text-to-
speech).More specifically, in the field of video games, the GameAccessibility Guideline
[11] initiative offers a full list of recommendations to improve the accessibility of video
games according to the type of impairment.

The UA-Games approach and the works mentioned above are in line with research
conducted in TEL (Technology Enhanced Learning) and especially on the three dimen-
sions of adaptation [12] (adapted, adaptable and adaptive). Applied to the field of serious
games, this theory allows us to define adapted, adaptable and adaptive serious games.

Adapted serious games target a particular profile of players. Interactions are set up
during the design phase. As the environment creates disabilities, a serious game adapted
to a particular impairment may consequently generate inaccessibility for other players.
The serious game “A blind Legend” [13] is a singular example of this. This serious
game puts the player in the shoes of a blind character for whom the only channel of
communication used is sound. This serious game is therefore by nature inaccessible to
players with a hearing impairment.

Adaptable serious games are the most widespread. Recent serious games integrate
more and more menus allowing players to customize the interaction modalities as they
wish (moving speed of the pointing device, colors/contrasts, keys/control buttons, diffi-
culty level, etc.). These settings allow all players (including disabled players) to adapt
the serious game to their skills in order to improve their playing experience.

Adaptive serious games have been less common because they have to includemodels
(player’s model and/or model of challenge resolution process) in order to automatically
adapt interfaces and content to the difficulties encountered by the players.

Ergonomics research on activity theories provide knowledge that can help to under-
stand how players master serious games. Activity theories aim to understand a subject’s
activity when trying to achieve a goal [14]. So, activity is different from a prescribed
task. A task specifies what needs to be done (i.e. the goal) and the procedure to achieve
this goal. An activity is singular, located, finalized andmediatized by an instrument [15].
Here, an instrument refers to an artifact associated with schemes. According to activity
theories, we consider that a video game engine is an artifact on which the players will
build schemes to interact with it. These schemes can only be built if the player is able to
access the primary (or even secondary) stimuli and provide actions in return. A serious
game uses an engine (the artifact) and offers objectives to the players in the form of a
set of missions or quests to complete or a record to beat. The rules of the serious game
constrain the player’s actions and make it possible to calibrate the complexity of a game

1 WCAG =Web Content Accessibility Guidelines.
2 W3C = World Wide Web Consortium.
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situation. Thus, a serious game can be abstracted as a task according to the activity the-
ories. The player’s activity is therefore what is accomplished by the player according to
his/her skills and it depends on the accessibility of the engine and the complexity of the
situations offered (including goals). This incremental process named instrumental gen-
esis allows players to appropriate the artifact (transforming artifact into instrument) and
involves two types of transformation: instrumentalization, where the player will adapt
the artifact to his/her needs (dimension of adaptable serious games) and instrumentation,
in which the artifact influences the player’s actions (dimension of adapted and adaptive
serious games).

Thus, improving serious game accessibility consists in supporting the instrumental
genesis defined in activity theories and working on the three dimensions of adaptation
(adapted, adaptable and adaptive).

3 Entity-Component-System: A Software Architecture Coming
from Video Games

Video game and serious game developments are mainly based on the object-oriented
programming paradigm (OOP), whose C#, C ++ and Java are the most used program-
ming languages. However, OOP principles such as encapsulation, message sending and
inheritance can make game engine maintenance and scalability difficult. With an object-
oriented approach, developers model game elements in the form of classes that may be
specialized into subclasses, etc. The video game development process is highly iterative,
adding new gamemechanisms or interactionmodalitiesmay request changes in themod-
eling initially designed. Then, these modifications may have significant consequences
on developments and require code refactoring, which is expensive in development time
and a possible source of bugs. The rigidity of the inheritance tree is a hindrance in this
context.

The Entity-Component-System (ECS) is a software architecture mainly used for
developing video games [16, 17]. This architecture uses a data-oriented approach and
is built around three concepts. Entities (first concept) represent game objects but do
not contain either data or methods. An entity is a simple reference to a collection of
components (second concept) that contain data. Components describe an entity’s aspects
such as its color, size, speed, etc. A component may be added or removed dynamically
to an entity. Systems (third concept) define the game logic. They access the components
of the entities in order to process and update them. They modify the game data and then
update the simulation.

ECS is a software architecture in which simulation is data-driven. ECS is based on
composition whereas the object-oriented approach focuses on encapsulation and inher-
itance. ECS was developed to answer two issues: improving computer code modularity
and improving game engine performance. As for modularity, the data-driven approach
allows to add new game mechanisms or interaction modalities with a limited impact on
the existing code. To integrate a new feature, the developer has to (1) define the compo-
nents required to store the data, (2) add these components to the entities concerned and
(3) implement systems that will process these components. Contrary to classes in OOP
that contain data and logic, in ECS they are separated: data in components and logic in
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systems. From a performance point of view, ECS allows to control the organization of
data in memory and optimizes access to components. In this paper, we are studying ECS
for its modularity promises and we want to evaluate it to add accessibility features. We
are not hereby studying questions of optimization.

Garcia et al. [5] also address this architecture based on component and data-driven
approach for the development of accessible video games. They study the interest of
ECS to create different game object representations that can be changed in real-time
and without consequences on the game logic. Authors create components that contain
the data of the different stimuli (graphic, audio, haptic) and specific systems to manage
these components. When the game is running, the modal presentation sent to the player
depends on the components attached to a game entity. It is therefore possible to switch
from one representation to another in real-time, according to the needs and abilities of the
player, offering a more accessible game experience. Moreover, this research highlights
the advantage of this architecture for using an external data source (XML file) in order
to define game-specific settings. Players could thus access this file and create a profile
by customizing entities, modifying presets and creating default configurations adapted
to their needs.

The runtime ECS advantages promoted by Garcia et al. [5] confirms our hypothesis
that ECS architecture is adapted and useful to more easily modify an existing video
game whose accessibility was not initially considered during the design step.

4 Methodology

As a preamble to this section let us introduce the artifact we have been working on.
E-LearningScape (see Fig. 1) is a numerical adaptation of a physical escape game [19].
In this numerical adaptation, the participants (in teams of 2 to 5 players) play the role of
a sandman immersed in the dream of Camille, a young lecturer on the eve of teaching her
first lesson. Their challenge will be to help Camille structure her thought in her dream
by solving puzzles using pedagogical concepts. The team members gather around a
computer. One player controls the game and moves inside the virtual universe in a first-
person navigation to discover fragments of dreams giving access to material in the real
world. All members of the team solve puzzles inside and outside the game, these two
facets feeding each other. E-LearningScape has several objectives, the main one being
to test knowledge in the field of education and the other ones to promote team work and
cohesion.

E-LearningScape was initially developed without accessibility constraints in mind.
It is an open-source and totally designed with ECS architecture (it was developed with
Unity and the FYFY plugin [18]).

This serious game is an interesting case study for our research question, which is:
Does ECS architecture help to add unanticipated accessibility functionalities inside a
serious game?

To tackle our research question, the serious gamewas analyzedwith theGameAcces-
sibility Guideline grid [11]. These guidelines are divided into six categories (motor,
cognitive, vision, hearing, speech and general), each one broken down into three lev-
els (basic, intermediate and advanced). This analysis, performed and discussed by two
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Fig. 1. E-LearningScape screenshot

experts in accessibility, aimed to recommend accessibility functionalities suitable to the
serious game. Based on these recommendations, a game developer incorporated the new
functionalities inside the serious game. This developer was not part of the original team
that developed the serious game and was not familiar with ECS architecture. The devel-
oper got support from an expert developer who was a member of the initial project.
Each new functionality was studied to evaluate the advantages and drawbacks of ECS
architecture. For each of them, the developer reflected on the following questions: Is it
possible to integrate the functionality only using Unity editor (without a line of code)?
How many Unity editor manipulations are required with a classical Unity script to inte-
grate the functionality? Does a system in which the functionality can be integrated exist?
Which components and systems have to be created to integrate the functionality?Which
choices make future updates easier?

5 Results

5.1 E-LearningScape Analysis

Among the 121 recommendations included into the Game Accessibility Guideline
grid [11], experts in accessibility have retained 67 criteria that make sense for E-
LearningScape. For instance, they excluded recommendations on voice subtitles, mul-
tiplayer and chat features, and virtual reality and mobile devices because they were
judged not consistent for the serious game. Among the 67 criteria identified by experts in
accessibility, 10 were already integrated into the game (for instance: including tutorials,
allowing reminders of current objectives during gameplay, ensuring no essential infor-
mation is covered by sounds alone, etc.). The developer updated the game and added 34
supplementary recommendations to fulfill the basic level of motor, cognitive and vision
categories (hearing and speech categories are not requested by E-LearningScape). Let
us give some examples of new features that were incorporated: supporting more than
one input devices, including options to adjust the sensitivity of controls, using simple
clear text formatting, ensuring no essential information is covered by color alone, etc.
The current version of the game includes 17 basic recommendations over the 18 suit-
able ones, 22 intermediate recommendations over the 35 suitable ones, and 5 advanced
recommendations over the 14 suitable ones. Figure 2 shows details about accessibility
completion of the game before and after the updates.
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Fig. 2. Accessibility recommendations integrated into the game

5.2 Adapted Serious Game

Modifications have been made to change serious game interfaces and interactions. To
complete the default mouse/keyboard inputs, the developer increased the diversity of
control devices: the serious game is now playable with the Xbox one controller, the
Microsoft Xbox adaptive (XAC), the Nintendo Nunchuck and specific controllers. The
Unity environment provides native tools to abstract controllers. In this case, ECS did
not bring any advantages. As for controllers’ abstraction, the developer reviewed menu
navigation and added visual effects to help players to easily identify the UI element
focused on. Similarly, Unity’s native tools are very efficient to define interface naviga-
tion order and highlight interactive UI elements. Other functionalities have been inte-
grated without the ECS layer because they were relating to static graphical parameters:
color review (limitation of red and green colors), black outline on textual elements, etc.
All these accessibility features were editable inside Unity’s editor and did not require
programming.

In the first version of the serious game, in-game interactive objects were highlighted
with visual effects. Experts’ recommendations suggested dubbing this information with
audio notifications. With a classic use of Unity, the developer would create a new script,
add it manually to all interactive game objects and configure them in Unity inspector
with the risk of forgetting one of them (the game contains more than 60 interactive game
objects). In this case, ECS enables to easily add this functionality. Indeed, a system
already existed to highlight interactive game objects. The developer just added one line
of code in this system to dynamically add a new component on the highlighted game
objects. This new component contains sound data to play. Then he created a new system
to process sound components and play audio notifications. The developer could play
sound directly inside the existing highlighter system, yet chose to separate it inside a
new system. This makes the audio notification system independent from the highlighter
system. Thus, the audio system can be turned off by the player without any consequence
on visual notifications. Moreover, the audio system may be used in other cases that
require audio notifications (changing room, enigma success/fail, etc.). The consequences
of adding this new functionality to the existing code were very limited.

ECS was also useful to easily identify the different functionalities of the game that
a developer could change. Indeed, each functionality is implemented inside a system,
and updating a functionality consists in identifying the concerned system and focusing
attention on it. Thus, the developer, who did not master ECS at the beginning of this
work found it easier to study the list of systems to understand the game logic than parsing
game objects hierarchy and components interdependences. He updated the system that
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manages interactive game objects to enable the player to hold down or successively press
a button; or to drag and drop a game object without holding down a button. Finally, he
modified the system that manages the camera to add a zoom function and to switch point
of view (first/third person).

5.3 Adaptable Serious Game

Several recommendations concern menus, to enable players to personalize serious game
interfaces according to their needs. The developer added functions to change controls,
graphics, and sounds. For instance, the player can disable/enable animations, change
moving speed and camera rotation speed, adjust music and effect volumes, grow cursor,
and update scene luminosity. For all of these new features, the default tools of Unity
were sufficient.

On the other hand, ECS was useful to apply massive changes to game objects. One
recommendation is that players have to be able to change text font, to switch from
the default non-accessible font to an accessible one. With a classical usage of Unity,
the developer would have added a new script to each textual game object or created a
text manager and bound each textual game object in (more than 570 game objects are
concerned). In these two solutions, designers riskmaking errors when a new text is added
to the game, and forgetting to add the accessible script to the game object or to bind the
game object to the text manager. With the ECS approach, the developer added a new
system and created a family to filter game objects that contain default text components.
When the player switches text font, the system updates all textual game objects in the
scene. Adding new accessible text into the game requests designers to simply add a
default textual game object to the scene without taking into account any accessibility
constraints (no script to add, no specific manager to bind). The same principle has been
applied to manage windows’ transparency.

5.4 Adaptive Serious Game

The adaptive dimension is present in this serious game with a monitoring module. This
functionality generates in-game hints to help players depending on their difficulties. The
monitoring module integrated into the game is compatible with ECS architecture [20]
and enables to monitor players’ activities either at the level of entities (local monitoring)
or at the level of families (set of entities – global monitoring).

Integrating this monitoring module requires a set of modifications in the existing
code, especially to produce tracks. The first challenge was to identify inside existing
programs in which the player’s actions were validated. ECS architecture helps to under-
stand game design because each logic functionality is implemented inside a specific
system. Then the developer easily identified systems that manage player inventory, mov-
ing, interactive objects, etc. Finally, producing tracks consisted in updating systems and
adding one line of code to build the monitoring component (provided by the monitoring
module) with action data. This monitoring component is processed by the monitoring
module that labels the player’s actions (correct, too late, useless, etc.).

The second step was to create a new system to process results from the monitoring
module. This system chooses the next hint to be displayed to the player depending on
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labeled actions aggregated over time, player progression, and time left. Generated hints
may suggest searching for a specific area, indicate a clue position, explain a bad answer,
and validate the fact that players have all the elements to resolve an enigma.

6 Conclusion

We began this paper by pointing out the importance of taking into consideration the
question of accessibility to serious games. We were interested in the cases in which
accessibility had not been taken into account in the early phases of development and had
to be integrated retrospectively. So, we studied the potential benefits of ECS architecture
in this context. Our theoretical foundation is based on activity theories and the three
dimensions of adaptation (adapted, adaptable and adaptive).

We analyzed the serious game E-LearningScape and we added 34 supplementary
recommendations from the Game Accessibility Guideline grid [11].

The contribution of this paper concerns the analysis of updates made into the serious
game E-LearningScape. We found that Entity-Component-System architecture does not
bring added value to process singular and/or static game objects. In this case, the classical
features of Unity seem to be more effective. However, this work showed that ECS is
advantageous to carry out transformations impacting a large number of game objects
and to avoid repetitive manipulations that are a source of errors. We also found that the
principle of modularity and decomposition of the game’s features into systems, allowed
the developer to quickly identify the parts of the program to be modified.

Thus, the Entity-Component-System architecture seems to be interesting to help
integrating accessibility features into serious games, especially when these have not
been anticipated. In this research we worked on a serious game initially designed with
ECS. However, we think that this approach is also practical for non ECS serious games
made with Unity because FYFY and Unity perfectly fit together and complement each
other. We plan to check this hypothesis in future research.
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Abstract. This article presents the lessons we learnt during the devel-
opment of a generation component in the Escape it! learning game. They
are presented according to the different development stages of the gener-
ator. They may be considered useful by designers or researchers sharing
similar contexts and objectives.
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1 Introduction

Adaptivity is an important success factor to enhance the learning facet æof
serious games [11]. In this article we are interested in adaptive serious games
and more specifically adaptive learning games. Adaptations may refer to some
learning side targets (learning resources, activities, etc.), game side targets (dif-
ficulty, gameplay components, etc.) or both at the same time. Our concern is
about personalizing the levels presented to the learner/player by only consid-
ering the learning dimensions (progress in the skill tree). Such adaptations at
runtime are generally called generations. The perimeter of our research is then
about learning games proposing the generation of adapted scenarios (ordered
activities) according to the available game elements and learners’ progress.

Even if some researches have dealt with the generation of serious game com-
ponents [1,6,9,12], only a few research works [5] propose guides, generic frame-
works or approaches to support the design and development of such generators.
This led us to propose a dedicated 3 × 3 × 2 approach [7,8] while developing a
serious game in the Escape it! project. Our proposition is design-centered because
it guides and supports the formalization of models and metamodels that cap-
ture three dimensions of the adaptation (context, game components, scenario)
into three iterative perspectives (objectives, structures, features). Nevertheless,
it impacts all stages of the development of the generator (analysis, design, imple-
mentation, and re-engineering). Because we met with different issues during the
development of the generator, we intend to share the lessons we have learnt.
Researchers and designers sharing similar objectives and context could benefit
from this feedback information.
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We propose the following organization. Section 2 presents the context of the
Escape it! project and serious game. Section 3 gathers all lessons according to
the development stages they refer to. Finally, Sect. 4 concludes this paper.

2 Context

2.1 The Escape It! Project

The project aims to develop a mobile learning game dedicated to children with
ASD (Autistic Syndrome Disorder). The purpose of the game is to support the
learning of visual skills derived from a curriculum guide [10]: matching an object
to another identical object, sorting objects into different categories, making seri-
ation of objects, etc. It will be used to reinforce and generalize the learning skills
[2].

The project involves autism experts and parents. The main challenge is about
the proposition of a large variety of playable scenes to learners in order to sup-
port the visual skills generalization. Because the engineering costs of hard-coded
scenes could not be considered, it has been decided to study the development of
a dedicated generator that will dynamically build playable game scenes in rela-
tion to learners’ profile. A Design-Based Research method has been conducted
on account of its usefulness as an exploratory research adapted to study research
issues while producing designed artifacts.

2.2 The Escape It! Serious Game

Overview. The main gameplay consists, for players, in finding some relevant
objects in the displayed scene, and dragging and dropping them to appropriate
places in order to respect the association/match/sort/... objective. When all
required actions are performed, the door is unlocked, giving access to the next
level. The game design relies on the best practices from the literature [3,16] and
the recommendations/requirements expressed by the ASD experts involved in
the design sessions. Our game fits the ASD requirements by its targeted skills
from the ABBLS curriculum [10] and the use of ABA pedagogical key features
(fading guidance by the pairing adult, positive rewards, no task failure, etc.) [2].
The main concerns are listed below:

– Targeted skills: a subset of the visual performance skills derived from [10]
(those that can be adapted for a mobile gameplay).

– Variable game sessions: the game proposes from 3 to 5 levels at the conve-
nience of the pairing adults or the children themselves.

– Scenes as meaningful living places: for example, the bedroom, the kitchen and
the living room.

– Adapted difficulty: the difficulty level is set according to the current child’s
progress related to the targeted skills. Basically, three successful activities for
a same skill (along one or several game sessions) raise the difficulty level for
this skill.
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– Generalizing the acquired skills: scenes have to be changed in accordance with
previous difficulty levels. Hence, the game proposes non-identical challenges
for the same skill. We quote variation examples: changing the background
elements of a scene, adding background elements to disrupt visual reading;
changing the objects to find and handle; adding other objects that are not
useful for the resolution; hiding objects behind or into others.

The Current Prototype. Various screenshots of the current prototype are
illustrated in Fig. 1. To present them briefly, the children with ASD, super-
vised by adults, ask for a new game session (1) and choose the number of levels
composing the session (3), for example a 4-level length.The generator is then
called to provide an adapted scenario (4). Children can visualize the current

Fig. 1. Overview of the different screens during a learning game session
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progress within the session (5). They successively solve the 4 levels (6–7–8–9).
The progress screen (5) is updated and shown after each completed level. When
the session is over, an end-game screen is shown (10), and a reinforcer element
is won (11). The pairing adults can access the secured children’ profile in order
to see their progress (2 and 12), their history reports, etc.

3 Lessons Learnt While Developping the Generator

3.1 Preliminary Stage

Focus on the Design of the Generator. When the serious game is already
developed, the integration of an adaptation component can benefit from a lot of
information already delimited about the game. Nevertheless, when both learning
game and generator have to be considered from scratch, as it was for the Escape
it! case-study, the design of the generator and the overall design of the serious
game are hard to differentiate. Learning domain experts cannot focus on the
adaptation part without considering overall aspects.

For example, during our participatory design sessions with experts and par-
ents, the discussions were not limited to the runtime adaptation but also related
to the game aesthetics and sound environment (adaptation at design-time to
the children’s sensory profiles), about the regulation of the children’s activities
(prompts, guidance, feedback, reinforcements), or about the tracking system
that will be used to update the children’s profiles after a game session. Other
information also concern some design-time adaptations (the game uses some best
practices design to be adapted to children with ASD), or runtime customizations
to be made by the pairing adult (parameters adjustments in the profile screen).

Identify the Generation Characteristics. Adaptations are generally char-
acterized [4] by their intention (goal), the element to be adapted (target), the
elements to be adapted with (sources) and their strategy [15]. We think that
identifying these information is important to guide the design of adaptations as
well as the generation of adapted elements.

We illustrate them for the Escape it! serious game. Intention (what for):
individualization of learning sessions; Trigger (when): after the children choice
about the session length (3, 4 or 5 levels); Target (what): a learning scenario
as an ordered sequence of elements configurations declaring the initial setup of
the game levels; Sources (according to what): current progress of the children
(skills and difficulty levels); Participating elements (with the help of what):
available scenes (kitchen, living room, etc.) and their components (objects, loca-
tions, hideouts...); Level of automation: full, no human intervention; Feed-
back time of the result: just after its generation; Generation approach:
composition of existent elements within every scene, with random selections.
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The Generator as a Black-Box Component. The learning game should
be considered as a complex object composed of inter-related components. The
generation part can then be analyzed as a black-box software component with
inputs and outputs, or as a service consuming and producing data. It is useful
to identify the generator role, avoiding considering related but external tasks
as under the responsibility of the generator. As inputs we can distinguish the
sources and the participating elements (cf. previous characteristics). Sources
inputs may vary for each generation whereas participating elements are more
likely to stay invariant.

The Escape it! generation component produces as output a scenario com-
posing of 3 to 5 levels configurations including the initial location of objects
to find, objects solution, hideouts, etc. The source input is the child’s profile
(current progression for each skill) including the context-sensitive choice of the
session length. The additional input is the description of the game in terms of
skills, scenes and game objects. The generator is not in charge of updating the
children profiles according to their results during the learning sessions (track-
ing system concern). It is also not responsible of setting up the levels presented
to learners according to the scenarios descriptions (game engine concern). By
analogy with some existent procedural context generation taxonomy [14] the
Escape it! generation could be considered online (during the runtime), neces-
sary (the content has to be correct), parameterized (the generator takes as an
input the game description model), stochastic (randomness is used when several
combinations are possible), constructive (the algorithm never produces broken
content).

3.2 Specification Stage

The main objective of the specification is to capture and model the elements
(with their properties and relations) and the generation rules involved in the
generation process. This specification will drive the implementation stage. It is
important to identify these information, even more to avoid considering infor-
mation not necessary to the generation.

An Iterative and Incremental Specification Centered on the Target.
The generation design can be eased by decomposing the specification into succes-
sive but complementary perspectives. They are all centered on the specification
of the target as a first class element.

The 3 × 3 × 2 approach [7] suggests to consider at first the Objective per-
spective. It refers to the selection of targeted learning objectives according to
the user’s profile. In the Escape it! project, the scenario to generate is then
an ordered sequence of the visual performance skills that will be considered;
these skills are selected in accordance with the number of levels to generate, the
considered skills available in the game and the child’s progression.

The second additional perspective is about the Structural part of the sce-
nario. It consists in the selection of learning game exercises or large grain game
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components that are compliant with the previous selected skills. In our context,
we focus on the various scenes that are compliant with the previously chosen
skills. This scenario specifies correspondences between the selected pedagogical
large-grained resources (i.e. scenes) and their targeted skills.

Finally the third Feature perspective completes the scenario by specifying
additional inner-resources/fine-grained elements along those which are compliant
with the previous chosen skills and large-grain components. In the Escape it!
project, this concerns the initial configuration of each scene in terms of additional
background elements, objects to find, hideouts, etc.

Specification into 3 Inter-related Dimensions. Each of the three previous
perspectives can be specified through 3 inter-related dimensions. The first one
to consider is the scenario to generate. It will drive the other dimensions. The
specification consists in modeling the generic domain concepts, properties and
relations, required for the generation of scenarios. In our work we use metamodels
representations to this aim but other formalisms, ontologies for example, could
be considered.

In order to avoid repetitions we propose that the Scenario description meta-
model elements that are known before the generation are captured into the Game
description metamodel and referenced by the Scenario metamodel. That is a
debatable choice because it complexifies metamodels and implies cross-references
into the models. Nevertheless we consider it plays a valuable part in supporting
the complex and subjective modeling work, improving the overall quality of the
design.

The Game description metamodel is then the abstract syntax declaration
of the additional elements required by the generation. These elements are con-
sidered as a model conformed to this metamodel. As a model they explicitly
declare the game elements according to the 3 perspectives (objectives, structure
and features): skills, resources or exercisers, in-game objects, etc.

The third metamodel to consider captures the description of the source con-
text: the learner model and other context elements. Similarly to the game dimen-
sion, the metamodel specifies the abstract syntax describing all children’s pro-
files, but only the elements that will be useful for the generation (the ones
involved in the generation rules). Children’s concrete profiles will be part of
models in conformance with this metamodel. The 3 × 3 × 2 approach does
not suggest to specify 9 different metamodels (3 perspectives and 3 dimensions)
but to consider the iterative and incremental completion of only 3 metamodels
(scenario, game and context).

As an illustration, we propose in Fig. 2 a visual representation of metamodels
and models for the objective perspective in the Escape it! case-study. To explain
briefly, the Scenario metamodel expresses that the Objective part is composed
of various TargetedSkill. Each one of them has a difficulty level and references
a concrete Bxskill among those defined in the description of the game. These
BxSkill are part of the Domain section of the GameDescription. Each Bxskill has
a textual description and can refer to another Bxskill as a prerequisite or refer to
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Fig. 2. Visual representations of the 3 inter-related metamodels (top), source input
model (bottom left), game input model (bottom center), and output scenario model
(bottom right), for the Objective perspective.

several ones as available Bxskill when the former will be achieved. On the Profile
part, the desired number of levels is specified. Several Skill2Consider indicate the
current difficulty level and progress for the referenced Bskill. The game descrip-
tion model concretely describes 7 Bxskills with their prerequisite/unlockedBx
relations. The learner profile is for a fictive “Tom” who would like a 5-level
length new game session according to his current difficulty levels and progress
for the 7 considered skills. Finally, the scenario model is an example of generated
model in conformance with its metamodel. It is composed of 5 targeted skills. We
can notice that the first one concerns the B19 skill at an “advanced” difficulty
level.

Consider Generation Rules at a Meta Level. Generation rules describe
how to generate the scenario elements, properties and relations according to the
information from a given child profile and the game description model. These
rules can be specified based on the model information or the metamodel ones.
They can be directed by the selection of input information to generate output
ones or, on the contrary, be centered on the generation of target elements with
respect to input conditions. In our case study, the generation rules are target-
centered, at the meta level and expressed in a textual format with references to
the named elements from the metamodels. These informal specifications are a
reformulation of the information given by experts using the natural language.
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In addition to the Objective perspective, the following rules have been con-
sidered: there are as many TargetedSkill as the nbLevels value; each of these
TargetedSkill refers to an “eligible” Bxskill, i.e. 1/ that is referenced by a
Skill2Consider, in the learner profile, which has an “in progress” currentProgress,
and 2/ the potential BxSkill as prerequisite, if it exists, being also referenced
by a Skill2Consider having at least an “intermediate” difficulty level. All the
referenced BkSkill from a TargetedSkill must be different if possible. Finally,
the difficulty level of the TargetedSkill has the same value as the one from the
Skill2Consider currentLevel pointing at the shared BxSkill. These rules are not
understandable by experts because of their expression close to the metamodels
syntax. Nevertheless they are useful to drive their implementation. Experts do
not refer to the metamodel elements obviously. For example, they stated that
the scenario to generate can only refer to skills that are currently in progress
and for which their skill prerequisite has at least reached the’intermediate’ level.
That is simpler to express than the equivalent translation we specified.

3.3 Implementation Stage

A specified generation can then be implemented to be effective. The usual app-
roach consists in implementing it as a part of the serious game, using the same
frameworks, languages or architectures. But another solution is possible.

Machine-Readable Specification Models. Considering that the previous
specifications have been modeled thanks to a practical Model Driven Engineering
tooling, they can be used to generate code to load, save, and handle the previous
metamodels and models. Only the generation rules still require to be coded.
Other formal or semi-formal modeling frameworks, like ontologies tooling, can
ease or support the use of the specified models as machine-readable models to
be used at runtime by the generator.

In the Escape it! case study we used the Eclipse Modeling Framework [13].
The metamodels are ecore file, and the models are XMI-formatted files. The
generation of scenarios is implemented as a model transformation written in
Java/EMF mainly based on a Java code generated from the ecore (meta)models
by the EMF tooling. The generation rules are then hard-coded into the generator
code.

Integration of an Independent Generator. Having an independent gener-
ator from the serious game is helpful to develop and maintain it without any
consideration for the game engine, mechanics, aesthetics, as well as the tracks
collecting, the updating of the profile, etc. Nevertheless it is an integration chal-
lenge because of the potential gap between the required (scenario) and provided
(learner profile, context...) formatting from the serious game perspective, and the
ones required (profile...) and provided (scenario) from the generator perspective.

In our case study, the generator is deployed on a Web server and accessible
through a Web service. The learner profile from the Unity-based serious game
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is an XML file that required some transformations, on the server side, to be in
conformance with our metamodels. Similarly, the generated scenario is trans-
formed before being sent to the serious game, in order to be compliant with the
expected format.

3.4 Re-engineering

Similarly to the other parts of the serious game development, the generator can-
not be designed and implemented without considering the evolving stakeholders’
needs, the changes in the generation choices, the evolution of the game, etc.

Experts of the Learning Game Domain Are Not Experts in Adap-
tation. Serious game stakeholders are not adaptation or generation experts.
They do not have a precise perception of the generation rules to consider. They
need some feedback about their expressed rules and strategies to make some
adjustments, or to remove/add some new rules.

In our project, some initial rules have been finally rejected (“80% of the con-
sidered skills in the scenario must concern mastered skills whereas 20% focus on
new skills”). The rule was not relevant with a 3-to-5-level length for the scenario.
Experts finally propose 5 difficulty levels to always generate appropriate difficul-
ties. Some other rules have been adjusted like the one stating the minimum and
maximum range for the different categories of objects (backgrounds, hideouts,
objects to find, useless objects, etc.) to add in the scene, according to the current
level difficulty.

Evolution of the Serious Game. There are many reasons leading to recon-
sider the current metamodels and models involved in the generation. The serious
game can evolve on both learning and gaming facets. It can imply to update
the game description model, if it only concerns content changes, or also the
game description metamodel for deeper changes. The learner profile can also be
impacted by these changes. Differently, new learner information or other con-
text elements can be available to be used into the generation rules; the context
model and metamodel can then be updated. Generation rules can also have to
be updated in case of input metamodels changes. Finally, the scenario model
and metamodels can also be updated according to deep changes in the serious
game.

We only encountered the situation of adding new scenes into the Escape it!
learning game. It implied to declare them appropriately in the game description
model to be directly taken into account by the current generator.

4 Conclusion

This paper gives us the opportunity to present the lessons we learnt during the
development of a generation component of the Escape it! learning game. We
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present them according to the different stages of the development. This may be
considered useful by other designers or researchers sharing similar contexts and
objectives: proposing the generation of adapted scenarios that take into account
context information, including learners’ profiles, and the different components
provided by the learning game. This adaptation is necessary in order to propose a
large variety of situations to learners. The generation can contribute to reducing
the cost of hard-coded situations.

Nevertheless, our results also point out the difficulty to express, specify and
validate the generation rules. It is an important obstacle to overcome in the
future. Our current research works are focusing on this point.
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Abstract. Serious games (SGs) have shown great potential as student-active
learning tools in education, as they enable experimentation with practice-related
work environments and systems that may otherwise be challenging and/or imprac-
tical to facilitate in an educational institution. However, existing instructional
design models are limited in use when it comes to how to implement and integrate
SGs within the existing curricula. Furthermore, the trainer perspective is often
neglected in literature about serious games. The aim of this study was to explore
the experiences of both students and trainers after the implementation and use of a
SG in amaster level course in project management (PM). Data was collected using
six focus group interviews (FGIs) comprising 38 students. In addition, trainers’
experiences were gathered as written comments to the results from the FGIs. Data
was analysed using inductive content analysis. Results identified several issues
related to the implementation and use of the SG that can be summarized through
the followingmain- and subthemes; 1) Integration (introduction, facilitation, feed-
back and debriefing) and 2) Usability and gameplay (user interface design, learn-
ability and use, immersion and satisfaction). Results showed that when adopting
an existing SG to a course it enhances the need for a good implementation process,
especially when it comes to provision of information, instructions, and feedback
from trainers. Thus, the purpose of this paper is to share some of the experiences,
issues and important lessons learned from the implementation to inform trainers
on what to focus on when considering implementing SGs in their program.

Keywords: Serious games · Simulation · Implementation · Integration

1 Introduction and Background

Serious games have been an integral part of education over the last couple of decades.
Through a rapid developing technology, this approach to education has provided us with
the opportunity to create a more “real life” adaptation of training. Although referred to as
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“games” they are often closer to real life simulations. Abt [1] states that serious games
have an explicit and carefully thought-out educational purpose and are not intended
to be played primarily for amusement. Loh et al. [2, p. 13] define serious games as
“…digital games and simulation tools that are created for non-entertainment use, but
with the primary purpose to improve skills and performance of play-learners through
training and instruction”. This paper will mainly use the definition provided by Loh et al.
Serious games can produce several positive effects among students, such as increased
motivation and development of knowledge [3, 4]. Lee [5] points out that simulations
provide opportunity to experiment with practice-related work environments and systems
that would otherwise be too expensive or in other ways impractical to facilitate, and
as such supports the process of experiential learning. Furthermore, he states that the
uncertainties and dynamics related with project management make it an ideal topic for
using games and simulation to teach, which is in line with other authors [6, 7]. The
closer to reality a game/simulation seems, the more transferable the skills will be [8].
“Contextualization, personalization and choice positively influence a learner’s intrinsic
motivation, depth of engagement in learning and learning performance” [9, p. 13]. Thus,
usability is considered as a key component in relation to the game development process
and is closely tied to the user’s overall experience [10]. According to Nielsen [11],
usability is a quality attribute that can be defined by the following five components:
Learnability, efficiency, memorability, errors, and satisfaction. In order to maximize the
benefit of good interaction design, usability testing is vital [10].

Arnab et al. [12] state that gameplay in serious games should support intrinsic experi-
ential learning and that learning should be obtained through gamemechanics. In general,
serious games are associated with experiential learning since they often provide con-
textualization [9] and arenas to experiment [4], and enable decision making without
facing serious consequences [13]. Kolb’s Experiential Learning Cycle [14] suggest that
effective learning is achieved when a person advances through a cycle of four stages,
for which a learner can enter from any stage (Fig. 1). This process includes the follow-
ing stages: concrete experience, reflective observation, abstract conceptualization, and
active experimentation. In the first stage novel or modified experiences or contexts (i.e.,
serious games) are encountered and experienced. In the subsequent stages the experi-
ence is processed, and emerging theories and knowledge constructed through reflection.
Kolb [14] sees learning as an integrated process and as such the learner needs to execute
all four stages for efficient learning to take place. It is in relation to these stages that
debriefing is particularly useful for ensuring deep learning. Crookall [15] states that;
“debriefing is the processing of the game experience to turn it into learning”. In the final
stage of Kolb’s cycle [14], the learner applies the newly acquired knowledge. According
to Kolb [14] it is the learners own experience and reflection that creates knowledge,
understanding and skills.

Serious Games Instructional Design (SGID) models are intended for the design and
development of serious games [16] and are of limited use to anyone simply wanting
to adopt a game rather than develop one. Hence, there is a lack of knowledge on how
to integrate games with the rest of the course [17, 18]. Furthermore, the trainer per-
spective is often neglected in literature about serious games [19]. Younis and Loh [17]
express the need for effective instructional design models which consider the adoption
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Fig. 1. Kolb’s Experiential Learning Cycle

of serious games. However, instructional design can be seen as a wicked problem that
cannot be easily understood and where minor changes can produce disproportionately
major consequences. The way to approach such a problem is according to Snowden
and Boone [20], “…to allow the path forward to reveal itself”. Thus, one need to probe
first, then sense, and then respond. Taking heed, the instructional design in this study
is defined as iterative and experimental, since the trainers were on their own learning
journey with regards to using games in an educational context. The introduction of a
serious game for teaching project management was a new experience to us. Through the
process we encountered several obstacles and learned valuable lessons, which ties to our
research question: “What are themost important issues to address in the introduction and
implementation of a serious games as viewed from student and trainer perspectives?”.

2 Materials and Methods

The serious game used in this study is titled “The Project Management Game” (PM
Game) and is developed byMedia Engineering Institute (MEI) at HES-SO, Switzerland.
In the PM game students take the role of a project manager (group-play) and manage
an entire virtual project. The educational concept includes computer-based simulation,
teamwork (solution searching, production of documentation) and real-world role-playing
(selling the project to clients, reporting to the steering committee). The objective of the
game is to transform an innovative idea into a concrete realization. The gameplay is
based onKolb’s [14] experiential learning theory and facilitates both formative (in-game)
and summative (after-game) assessment of students’ knowledge and skills. Summative
assessment is conducted through written reflective reports. After receiving feedback on
all assignments, students resubmit their work for grading. The game was introduced and
implemented during the Fall semester of 2019 as a module in a master level Project
Management course with 58 students at UiA.

An explorative qualitative design was used. Data collection entailed 1) Focus group
interviews (FGIs) with students, and 2) Trainer´s comments on the results from the
FGIs. FGIs aim to capture the range of ideas, perspectives or feelings that people have
about something [21]. Students were recruited based on their enrolment in the course.
Participation was voluntary. Six FGIs were conducted comprising in total 38 students of
the 58 which were enrolled. The FGI groups ranged in size from five to nine students.
First the participants were asked if they had previous experience with serious games. The
main interview question was open-ended; How did you experience the implementation
and use of the PM Game? They were told that this included information, log-in, playing
the game, facilitation and help from lecturers, including related task outside of the
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game, feedback and other issues. The analysis was informed by Braun and Clarke’s
[22] thematic content analysis. The analytic process was inductive, and data driven. All
authors took part in the analysis and the results were discussed until agreement was
reached. Based on the results from the FGIs, the trainer’s experiences and point of view
were provided through written notes.

This study was approved by the Norwegian Centre for Research Data (Number:
852540). All participants received oral and written information about the project and
signed informed consent forms.

3 Results

None of the participants claimed to have previous experience from using serious games.
Further, the analysis of the FGIs identified two main themes that influenced student
experiences of implementation and use of the PMgame. Themain themes and subthemes
are displayed in Table 1.

Table 1. Main Themes and Subthemes from Focus Group Interviews

Main themes Subthemes

Integration Introduction

Facilitation

Feedback and debriefing

Usability and gameplay Learnability and use

User interface design

Immersion and satisfaction

In the next sections, results will be presented according to the main- and subthemes
and include both students and trainers’ experiences of implementation and use of the
serious game.

3.1 Integration

Integration is defined as “the action or process of combining two or more things in
an effective way” [23]. In our case this can be translated to the action or process of
combining the game with other didactics, with an emphasis on issues that were not
directly tied to the game itself.

Introduction and Facilitation
Several students expressed that they missed information and instruction about the game
and how to play. One expressed: “Wish we knew more what we were in for before
we started. I felt that when we had played maybe 50% of the game, we understood the
concept” (FGI 3). Further, students felt confused with regards to the chosen instructional
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strategy based on learning by doing (flipped classroom). One student said: “We were
thrown into deepwater and received a lifejacket after struggling for some time first” (FGI
4). However, students expressed that the provision of relevant information, instruction
and materials improved during the course. Despite the above comments.

The trainers pointed out that game manuals were made available to the students and
this was communicated both in writing and orally. There were also manuals available in
the game, but they were written in English and not intuitively accessible.

Students perceived a mismatch in allocated time and expected effort. It was also
perceived that trainers had varied knowledge about the game. This caused some confu-
sion. Like the students, the trainers experienced different issues during the introduction
of the module. For example, a change in the curricula caused a mismatch between time
allocated to the game and its impact on the grading. Consequently, students´ workload
increased. Furthermore, the trainers had different roles in the module; one was respon-
sible for issues directly related to the game. The two other trainers were responsible
for providing the additional components such as subject material, student supervision.
The trainer responsible for game related issues could not attend the first session. Con-
sequently, the introduction suffered greatly from this. The trainers expressed that their
learning curve had been quite steep. However, they felt they had learned a lot from the
iterative integration process and had managed to correct and improve the instruction
design during the course.

Feedback and Debriefing
Some students expressed that the trainer’s feedback on students´ assignments could have
been more specific and tailored to each group. The trainers agreed to some extent with
this but insisted that oral feedback and debriefing had been provided during the sessions
but not in a structured fashion. Some students also criticized the limited word count
permitted in reports, as this decreased the opportunity for more thorough reflection on
their mistakes. Students also proposed that they should have got an opportunity to hear
how other students had solved the same tasks in the game.

3.2 Usability and Gameplay

The other main theme “Usability and gameplay” is comprised of issues that are directly
tied to the game.

Learnability and Use
Several students expressed that they had to learn using the game by playing it, and that
this was a time-consuming process. One student said that; “we used three to five hours
playing and doing things the wrong way, before we realized how the game should be
played” (FGI 4). Several of the students suggested that the game should have included
in-game information, instructions, and alerts. Similar, many students wished for more
in-game feedback on their performance, particularly regarding what was incorrect and
correct. The trainers agreed that the game should have provided more feedback, at least
as an option.

Some students also expressed that they wished the gameplay were more flexible.
For example, they wished for the ability to go back and change their decisions. As one
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student said, “If you move to the next phase you are not able to go back and change your
mind in the prior phase” (FGI 1). In addition, many students called for an opportunity
to replay the game. The trainers explained that the developers had not conducted any
usability testing of the game, and that this could explain the perceived usability issues.

User Interface Design
Some students expressed that information could easily be overlooked, as some important
messages disappeared in too much text or was hidden in e-mails within the game. It was
also perceived as difficult to play the game using only one screen or playing alone.
Consequently, it was challenging to get a holistic overview of the game and their group
performance.

Immersion and Satisfaction
Several students expressed that they liked the concept of learning through experience
and got quite immersed during gameplay. For instance, one student said; “the group got
a bit too much immersed at sometimes, and it created quite hot discussions” (FGI 1).
Similar, another student, asserted that this concept of learning created a higher degree
of engagement among students. However, one student claimed that; “the game was not
boring but not so exciting either” (FGI 5).

The experience of relevance and authenticity varied among the students. One student
declared that: “This is actually a scenario that you easily can meet in a real job-situation”
(FGI 3). Others found it hard to relate to. However, several students believed the serious
game enabled them to get a different perspective on project management compared to a
more traditional teaching approach. One group said: “We learned a lot by seeing all the
elements we hadn’t thought of come together. You don’t really think about the problems
that might appear. If we had been able to play again, we would have done other things
than we did this time” (FGI 3). The trainers stated that they believed that the game as
a virtual environment provided the students with a somewhat realistic experience of
managing a project. However, the fact that the game was developed for a Swiss context
made it sometimes difficult to relate all elements to a Norwegian context.

Even if many students perceived it as quite exhausting to play in the beginning, most
of the students expressed that playing went smoother and became more fun towards the
end. Some said that it was fun watching the scoring indicators moving up and down
as consequences of their performance and got intrigued by it. Despite the experienced
issues during implementation and use, learning by gameplay was proposed by several
students as better than reading a book or attending lectures.

4 Discussion

In this section, results will be discussed according to the main themes from the results;
integration and usability and gameplay.

4.1 Integration

Like in the study byRumeser and Emsley [7], both students and trainers experienced sev-
eral issues related to the integration of the PM game. Integration is explicitly highlighted
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as the key to a successful implementation of serious games [8] and flipped classroom
settings [24]. Issues experienced during integration were partly related to trainers’ inex-
perience on how to integrate the game within the course [17, 18], and their provision
of information to students on how to play the game. In addition, usability issues expe-
rienced by students influenced the integration. A lot of time was spent figuring out how
to play the game instead of focusing on the learning objectives in the course.

Evidence [25, 26] show that applying games via trial and error often leads to ineffec-
tive practice. However, in our case a cyclical approach in integration seemed appropriate
to facilitate the learning process of both students and trainers. After learning to play the
game, many students preferred gameplay before lectures. As trainers’ knowledge about
the game and its usability issues increased, they gained awareness on what was needed
of supplemented information and manuals in future courses using the game. We agree
with Crookall [15], who argues that having competent trainers is important in relation to
the learning potential of games. Fortunately, the experiences related to the introduction
of the game gave valuable lessons. For example, an instructional video would simplify
the process immensely. One should also in a much larger extent make use of “supe-
rusers” of the game in future courses. Superusers should also include students. We also
suggest introducing the game before playing it, to allow the students to explore and
become familiar with the user interface [8, 27]. Issues in relation to the game can then
be resolved early.

Many teachers/trainers are reluctant to use games as part of their pedagogical “tool-
box”. A major reason is a lack of knowledge on how to integrate games within courses.
Younis and Loh [17] and Giessen [18] express the need for effective instructional design
models which consider the use of serious games and fulfil the trainer’s needs. However,
instead of just reading manuals about the content of the game and how to play it, we
recognize that all the trainers involved in a PM course should have explored the game
substantially before introducing it to students.

Feedback and debriefing enable students to reflect on their experiences and integrate
and retain new knowledge [14, 15]. Reflection on action refers to reflecting on expe-
riences from clinical practice situations, or reflection on reflection [28]. Reflection on
experiences from the PM game was facilitated through group discussions and written
reports based on problem-based learning through PM gameplay. However, some stu-
dents expressed that the trainers’ feedback could have been more specific and tailored to
each group. As suggested by Crookall [15], the learning potential of games can only be
activated in full by having competent game managers and debriefers. The need of more
feedback was recognized by the trainers. As the trainers became more familiar with
the PM game, more comprehensive and specific feedback were provided. The trainers
asserted that feedback and debriefing were deemed important in the course.

Socialization in terms of interacting with other students may also facilitate reflection
and experiential learning. As results showed, students had quite hot discussions based
on their gameplay. If the students had played the game all by themselves, they would
have missed this. Thus, an additional way to facilitate debriefing after game play is using
peer assessment. Student mentioned that they were interested to hear how other students
would solve the same tasks. This peer assessment will be employed in upcoming project
management courses. Future courses will also provide more instant feedback by trainers
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and make better use of a forum functionality available in Canvas (LearningManagement
System). Crookall [15] suggest that such forums can be designed in a manner that
facilitate formalized guidance for more structured discussion. Topical discussions tied to
each project phase is an example of a feedbackmechanism that relates to this suggestion.

4.2 Usability and Gameplay

According to Nielsen [11] usability is a “quality attribute that assesses how easy user
interfaces are to use”. Several usability issues were identified in the PM game, partic-
ularly regarding learnability and efficiency of use. For instance, it was cumbersome to
learn and time-consuming to play. Consequently, students spent a lot of time and effort
on learning how to play the game, which may have impacted the cognitive capacity to
focus on the content and fulfill the learning objectives of the game [29]. Arnab et al.
[12] state that gameplay in serious games should support intrinsic experiential learning
and that learning should be obtained through game mechanics. This relates to Kolb´s
experiential learning theory, which proposes that important components are situated
learning and reflection [14]. Thus, experiential learning is dependent on both the quality
of the experience (gameplay) and quality of the (in-game) reflection. In relation to reflec-
tion during gameplay, students missed in-game instructions and feedback particularly if
wrong decisions were made. Reflection in action represents thinking that modifies what
is being done in the moment of execution [28]. Lack of ability to reflect in action (during
gameplay) may influence the process whereby knowledge is created through transfor-
mation of experience [14]. Crookall [15] states that in general it is easy to collect data
during gameplay, and that this data can provide feedback during in-game debriefing. He
points out that in-game feedback could enable a richer debriefing process since partici-
pants have to confront the hard facts instead of denying them, which can happen during
debriefing after gameplay.

Experiential learning (i.e., through serious games) may help students recognize cues
in new situations and aid their information-processing [14]. Thus, in relation to expe-
riential learning Lamb et al. [8] suggest that students should be able to replay a game
if they wish to improve their performance. Students clearly expressed that lacking the
ability to undo choices and play the game several times, affected their learning process.
The trainers agreed that such functionality would be beneficial.

This PM game was developed for a different social system in Switzerland, which
sometimes influenced the experience of realism and authenticity, which adds to the evi-
dence [8] that a contextualized game is important. Consequently, this project is devel-
oping a game that will fit the Norwegian context and better supports our instructional
design (experiential learning theory) when it comes to feedback and debriefing.

5 Conclusion

From the implementation process we experienced the introduction of the game as par-
ticularly challenging. We advise using time to explain the instructional strategy and how
the game will be used in the beginning of the course. An instructional video or a similar
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option should be implemented. We also recommend that all trainers explore and learn
the game properly to ensure instructional assets suffice.

Feedback and debriefing are crucial and should be available in several formats, both
within the game and elsewhere. We recommend using multiplayer games since they
facilitate unstructured and informal debriefing and reflection. Further, it is recommended
to use games that has built in feedback, and supplement with activities outside of the
game which enable further debriefing. By exploring and developing competence on the
game, it will be easier for the trainer to design a holistic integrated system for debriefing
and reflection.

Usability was a major issue. Students struggled to grasp the game in the beginning,
thiswaspartly causedby the introduction issues, but couldhavebeen avoidedormitigated
by conducting comprehensive usability testing.
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Abstract. Digital catalogues must be intuitive and easy to use. However, design-
ing their interfaces is a complex task because there is so much available informa-
tion and such little space. The choice of search filters, their format, their position,
including the way to represent the results, are not trivial decisions. This paper
presents the User-Driven Interface Design (UDID) method that offers five steps
with specific material to help end users produce mock-up interfaces for digital cat-
alogues. This method recommends letting participants compose their interfaces
according to their needs. In this article, we present how the UDID method offered
several befits for designing the interface of a Learning Game catalogue. 17 par-
ticipants followed this method to produce five mock-up interfaces that we then
analysed and compared to create the final interface.

Keywords: Interface design · User-centered design · Digital catalogue · UX
design method · Learning games

1 Introduction

Digital catalogues are useful to filter a large number of resources in order to find those
that meet ones needs. Such catalogues are used in many domains such as education
(e.g. Le Catalogue Collectif de France1) or commerce (e.g. Amazon). Users should be
able to find resources without assistance or significant intellectual effort [1]. Therefore,
digital catalogues must provide simple and intuitive interfaces [2]. Yet, digital catalogue
interface design is a complex task. Available resources in these catalogues are described
with metadata that usually contain a lot of information. For example the Learning Object
Metadata (LOM) has 69 fields of information such as title, type of resource, age of the
public, cost, etc. [3]. However, it would not be relevant to offer a filter for each of these
fields, as this would overload the interface. The problem therefore concerns the choice
of the few relevant filters and the format that will facilitate the search. The way the
resources, resulting from the search, are displayed is also important to help users make
a quick choice.

1 https://bbf.enssib.fr/consulter/bbf-2011-02-0071-001.
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These difficulties appear more marked in domains where there are no satisfying cata-
logues to draw inspiration from. This is the case for Learning Games (LGs): the existing
LG catalogues do not offer filtering systems that facilitate the selection of LGs adapted
to teachers’ specific needs [4]. To illustrate, the SeriousGamesClassification2 catalogue,
offers a filter system based on three criteria: the purpose of the LG (e.g. education,
information or marketing), the market (e.g. health, communication or politics) and the
public (e.g. children, general public or professionals) [5]. The Mobygames3 catalogue
offers filters based on the platform (e.g. PC, Nintendo), the year of the LG, the game
theme (visual, board game or shooter) and the game rating (e.g. ESBR, PEGI). First of
all, these catalogues do not comply with the basic UX design models [6]. The filters
on SeriousGamesClassification for example, are all in checkbox format, whether the
possible values are numerical, textual or require choosing a range of values. The filters
of Mobygames are available as links that open up another page, which complicates the
search process, because the users are most likely to go back to the first page to try other
filters. In addition, the thumbnails that represent the result LGs only contain an image,
the title of the game and the year of publication, which is not sufficient to help teachers.
Most importantly, the existing catalogues that inventory LGs (e.g. SeriousGamesClassi-
fication, Mobygames, Serious Games FR4,MIT Step5, LearningGamesForKids6) do not
allow to search for LGs depending on their educational goal. This is probably because
these catalogues are not primarily intended for teachers. They are designed by video
game experts and offer more non-education games than LGs. The existing catalogues
therefore do not answer the teacher’s need for an intuitive tool to find LGs for their
classes.

In a previous study, we show that it is possible to browse LG web sites and auto-
matically collect 23 items of information, compliant with the Learning Games Metadata
Definition (LGMD) [7]. These items include the educational topic for which the LG
may be relevant, its game type and the platform requirement to play it. Each of these
23 items can be transformed into a filter but there is only room for a few on the cata-
logue’s homepage. Moreover, each filter can be implemented in various formats such as
checkbox, drop-down list, radio button etc. Search results (i.e. LGs that meet the search
criteria) can also be represented in different ways. In addition, the layout of these filters
and results is important to create a good user experience. Given the many choices that
need to be made, it seems paramount to consult the end users at the very beginning of the
interface design process. Thus, we propose a digital catalogue interface design method,
inspired by the user-centred approach [8].

Section 2 presents a state of the art of interface design methods. In Sects. 3 and 4 we
present the UDID method and how it was used for designing a LG catalogue interface.
Finally, in Sect. 5, we discuss the difficulties observed by teachers when using UDID
and the relevance of the proposed interface mock-ups, followed by the conclusion and
perspectives.

2 http://serious.gameclassification.com/.
3 https://www.mobygames.com/.
4 https://www.serious-game.fr/.
5 https://education.mit.edu/.
6 https://www.learninggamesforkids.com/.

http://serious.gameclassification.com/
https://www.mobygames.com/
https://www.serious-game.fr/
https://education.mit.edu/
https://www.learninggamesforkids.com/
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2 Interface Design Methods

There are several methods for interface design [9]. The UX (User eXperience) design
methods, for example, give guidelines on the colours to adopt, the type of widgets
and their layout on the interface, etc. [2]. This method is interesting because it allows
structuring the web pages content to be more pleasant for the users by highlighting the
important content with appropriate style choices. However, thesemethods do not involve
the end users for the beginning [10] and may lead to redesigning the interfaces when the
final product is confronted to them, which is very expensive.

The Agile method is an approach that consists in developing applications incre-
mentally by asking the user’s appreciation at each design step [11]. This validation is
important for further application design because it allows to improve the interface and
functionalities but it provides limited information on the interface that users actually
want [12]. Indeed, end users will tend to make minimal changes on the already designed
interfaces, without thinking of the interface they would really like. When it comes to
creating a catalogue interface, one of the most complex tasks lies in the interface orga-
nization. Out of the dozens possible ways of organizing the interface, the designers will
make one choice that will not necessarily be the end users’ choice.

The User-Centred Design (UCD) approach therefore seems to be most suitable
because it delegate the interface design and all non-technical parts of application to
the end users [13]. It is an interactive approach that allows knowing users’ needs and
preferences. However, in the case of LG catalogue design, UCD should be implemented
with caution because there are no existing satisfactory examples to build on [14]. To
solve this problem, we propose a design method adapted from UCDwith clearly defined
steps and material to help the end users design their ideal interface.

3 UDID Catalogue Interface Design Method

The User-Driven Interface Design (UDID) method is inspired by Learning Analytics
Dashboard (LAD) method [8], which generates dashboards for learning in which the
end users are involved. The UDID method also requires the involvement of volunteer
participants who are representative of the catalogues’ end users. These participants are
mobilized to design the mock-up interfaces themselves and not to evaluate proposed
mock-ups. Participants must be organized in teams of three or four to boost creativity
but also to encourage them to explain their choices in order to clearly understand their
approach. They also need to be guided through this process with a step by step method
and specific material.

3.1 Material for the UDID Method

The material for the UDID methods consists of:

• A white A3 cardboard that represents a computer screen. One could also choose a
phone or tablet depending on the context of use.
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• Filter cards, representing all available product information. For each filter, six formats
are available: drop-down list, checkbox, radio button, textbox, word cloud and range
sliders (Fig. 3).

• Post-it notes, which are used to represent thumbnails of the products matching the
search. Participants can list the information they want to have for products’ summary
descriptions.

The size ratio of these items should represent the screen without having to scroll
down. The filter cards should show both filter name and format design with possible
examples of available information. Each filter should have a card in each available
format, unless this format is not suitable for the type of information carried by this
filter (Fig. 3). Finally, participants should have empty post-it notes, pens and markers to
modify the given material or create new ones.

3.2 Five Steps of the UDID Method

The participants follow five steps in which they use the above material (Fig. 1):

Fig. 1. Five steps of User-Driven Interface Design (UDID) method

• Step 1 – The person organizing the design session presents the goals (i.e. create a
catalogue interface mock-up) to the participants and explains how to use the material
while insisting on the possibility to create newmaterial. It is also important to indicate
the time required for each step of the process.

• Step 2 – The participants organize the interface by deciding where to place the
search and result areas.
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• Step 3 - The participants choose the filter cards they want to place in the search area
and determine their layout. To help them, all filters should be visible on the table,
grouped by filters types. This step can be quite time-consuming because of the large
number of filters.

• Step 4 – The participants have to determine how they would like to see the research
results displayed on the interface. They can use Post-it notes to represent the result
thumbnails, on which they can draw the information they would like to see (i.e.
description information, image, key words, etc.).

• Step 5 –Adebriefing should be carried out at the end of session to help the participants
review their choices and make changes to the proposed interface based on new ideas
that emerge from the discussions.

It is important to film the design session to help identify the components and displays
on which there was immediate consensus and those for which the decision was much
more difficult. This information is precious for designing the final mock-up interface. In
the next section, we will present howUDIDwas applied, through several design sessions
with teachers, to design a LG catalogue.

4 Design of a Learning Game Catalogue Interface

4.1 Participant Profiles

The purpose of this catalogue is to allow education stakeholders find LGs adapted to
specific teaching needs. Hence, we solicited 17 volunteers with the right profile: 12
teachers, 3 librarians and 2 educational designers. Educational designers are experts
in computer technologies for education. Their ability to design and manage training
devices is an asset to evaluate a learning resource platform. In addition, they have a
good appreciation of how to describe the needs of teachers, since they train them. The
librarians chosen were familiar with classic learning resource catalogues, such as those
found in libraries and online learning resource platforms. They also recently created the
Nantilus7 online catalogue for medical learning resources. Although these participants
are not representative of the end users,we assumed theywould provide uswith interesting
ideas. The teachers were chosen to represent a diversity of domains and levels: 4 teachers
for pre-school and primary school, 4 for middle school and 4 for higher school. None
of them was familiar with searching online learning resources. Table 1 summarizes the
number of participants for each of the five teams.

7 https://nantilus.univ-nantes.fr/vufind/.

https://nantilus.univ-nantes.fr/vufind/
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Table 1. Distribution of participants by co-design team

Team 1 Team 2 Team 3 Team 4 Team 5

Date 24/01/2020 31/01/2020 07/02/2020 07/02/2020 07/02/2020

Place Université du
Mans

Université de
Nantes

CBCG Daloa CBCG
Daloa

CBCG
Daloa

Nb
participants

2 4 3 4 4

Participant
profiles

1 teacher (high
school)
1 educational
designer

3 librarians
1 educational
designer

3 teachers
(high school)

4 teachers
(college)

4 teachers
(preschool)

We planned three co-design sessions: two in France with team 1 and team 2 and
another session in Côte d’Ivoire, with the three remaining teams (Fig. 2). Even though
two different researchers carried out the experiments in France and Cote d’Ivoire, we
provided the same material and followed the same strict experimental protocol.

Fig. 2. Co-design sessions in Le Mans (A), Nantes (B), and Daloa (C)

4.2 Experimentation Material and Protocol

The filter cardwe create with the 23 information items of the LGMDmetadatamodel [8].
For each filter, we created up to six card that represented the available formats depending
on the type of values (Fig. 3).

The co-design sessions followed the one-hour UDID process. However, all the ses-
sions exceeded this time limit, with some teams working up to two hours. The debriefing
was particularly rich and provided valuable insight on the co-design method. We filmed
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Fig. 3. Different formats for the educational domain filter

all the sessions in order to analyse each step and points of conflict. This was crucial to
design the final catalogue interface, based on the five mock-up interfaces designed by
the teams (Fig. 4). In the next section, we analyse these mock-up interfaces and explain
how they helped us answer the four questions for designing digital catalogues: which
filters should be chosen, in what format should they be, how should the interface be
organized and how should the results be presented?

Fig. 4. Teams’ Mock-ups in Co-design sessions

4.3 Results of Interface Design Sessions

In this section, we analyse the mock-up interfaces designed by the five teams and decide
which design choices should be kept for the final LG catalogue interface.

Interface Organization
We observed almost the same result for all teams regarding the web page organization:
four teams placed the search area on the left, in which they placed filters vertically. For
the result area, four out of five teams create thumbnails in a row (Fig. 4). We therefore
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decided to choose the interface organization that most of the teams used. In addition, we
add a sorting area, above the result area, as proposed by Team 2, composed of librarians,
who already had experience in designing such catalogues.

Choice of Search Filters
The analysis of the five mock-up interfaces shows that each team chose an average of
six filters for the search area. Team 2 also proposes four additional filters, in a new area
labelled “sorting area”. For the final mock-up, we decided to keep the filters Language,
Platform requirements, Public and Domain that were chosen by at least three teams (in
yellow in Table 2).We also added the filtersKeywords andAge, considered as sub-criteria
of the filters Domain and Public by the participants. In addition, we added the filters
Game Mode and Cost, chosen by two teams, but with default options already activated.
We also chose to place the filter Date in sorting area. Finally, we added the Motivation
filter, which carries essential information, especially in primary and pre-school level, as
expressed by team 5, composed of this profile.

Table 2. Filters chosen per team

Filters Team 1 Team 2 Team 3 Team 4 Team 5 Total
Title 0 
Language X X X X X 5 
Descrip on 0 
Keywords X X 2 
Version 0
Contribu on 0
Date X X 2
Format X 1 
Size 0 
Loca on 0 
Pla orm requirements X X X 3
Public X X X X X 5
Age X X 2
Mo va on X X 2
Knowledge Valida on X 1
Game Type X X 2 
Game Mode X X 2 
Domain X X X X 4 
Progress Indicators X 1 
Cost X X 2 
Rights X 1 
Gameplay X X 2 
Ra ng 0 

Search Filter Formats
The analysis of the mock-up interfaces shows that the teams chose different formats
for a given filter. We therefore followed the following tendencies. In all, the drop-down
list format was used the most (7 times for the filters chosen above). It was particularly
appreciated for filters containing over three values and requiring a single choice such as
Domain andPublic, because it takes up little space on the interface. The checkbox format
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was also use 7 times. This format was uses for the filter Platform, which allows several
choices of values. The range sliders format was preferred for filters with numerical
information such as Age. The text box format was chosen for filters with free information
such as Keywords. Finally, filters containing two values such as Language, Game Mode
and Cost were placed in the sorting area in radio button format with default options.

Presentation of LG Research Results
Concerning the design of the LG thumbnails on Post-it notes, all teams reserved space for
an illustrative image of theLGwith several information fields. The information presented
was quite diverse with 17 fields chosen out of 23. However, all teams chose Title and
three teams chose Gameplay and Cost. The other fields were selected by maximum two
teams and the films show that their choice was not particularly motivated. For the final
interface, we therefore decided to use Title, Gameplay andCost and add the fields used in
the search area (i.e.Domain,Keywords, Public, Age and Platform) since this information
can help them selectedLGs thatmeets their search criteria. Finally, we added information
on the Motivation and Progress Indicator as participants mostly showed interest about
the LG’s pedagogical characteristics. We arranged the fields according to space that
information could occupy since participants did not give importance to information’s
order or appearance (Fig. 5).

Fig. 5. Final interface mock-up resulting from the UDID method
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4.4 Discussion

As we noted throughout the discussions with the participants, all the teams managed
to apply the UDID method without difficulty and found it was a helpful for designing
interfaces. They particularly appreciated the use of paper materials that encouraged them
to take part in the design sessions. Being able to customize andmove the cards seemed to
help them express their needs and organize the interface the way they wanted. The team
of librarians also expressed a preference for this approach rather than the Agile method
they have recently used to design their educational resource catalogue. However, we
identified several limitations. First, the time allocated to each design session was clearly
insufficient. Choosing the filters and placing them on the interface was the most time-
consuming. The format of the filter were also subject to a lot of discussion, which was
not unanimous in all teams. A solution may be to pre-select filter formats based on the
type of content. Another delicate choice we made was to involve five teams. It might be
better to involve fewer teams to simplify the final design choices, based on their mock-
ups that were sometimes quite different. This might also be because the participants
were grouped by profile. This fact underlines why it is important to film all sessions in
order to understand the dynamics behind the participants’ choices and their priorities
regarding the search filters.

5 Conclusion and Perspectives

The User-Driven Interface Design (UDID) method allows us to meet the challenge
of designing a Learning Games (LG) catalogue interface. Thanks to its clear step-by-
step method and the material it provided, five teams of teachers and other educational
stakeholders were able to design mockup models of the interface. By comparing the
similarities of these mockups and analyzing the discussions that the participants had
during the design phase, we were able to design a final interface for the LG catalogue.

Nevertheless, we need to verify that the final interface truly allows teachers to find
the relevant LGs quickly. To do this, we will carry out another experimentation with
the final LG catalogue. UDID could also be adapted to the design of mobile application
interfaces. Indeed, it raises similar challenges such as choosing and organizing a lot of
potential information in on a very small screen.
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Abstract. QuantumComputing (QC) has gained a constantly rising level of atten-
tion and interest in the last years from academic institutions and research teams in
the industry alike. Although several serious games (SG) for QC are available to
date, the specific learning needs of IT professionals are not sufficiently covered to
equip them with a knowledge base on the fundamental concepts of QC. Based on
an analysis of 12 current SGs in QC, we have identified the concept of Entangle-
ment as an underrepresented learning objective and have developed a SG around
Quantum Entanglement using the Greenberg-Horne-Zeilinger (GHZ) experiment
as a joint project in cooperation with the IBM Quantum Ambassadors team.

This paper advances the knowledge base within the field of SGs and learning
across three dimensions: (1) it identifies Quantum Entanglement as underrepre-
sented learning topic in the array of QC concepts covered by SGs, (2) provides a
case study on the development of a SG in the application domain QC for a business
context, and therefore (3) fundamentally adds to the understanding how and with
whom such a SG is used in the advanced professional computing industry.

Keywords: Quantum computing · Entanglement · GHZ experiment · Serious
games · Application of serious games · IT professionals

1 Introduction

Quantum Computing (QC) is a topic of increasing popularity both in academia and even
more in applied research contexts in the Industry [1, 2], which build on its promising
potential to approach increasingly complex computing tasks [3, 4]. At the same time,
however, the topic yields several fundamental concepts utterly incompatible with the
accepted properties of classical physics and computing theory [5]. This is illustrated by
Einstein’s famous quotes “God does not throw dice” and “spooky action at a distance”
(own translation) referring to Quantum Superposition and Quantum Entanglement [6].

Conveying knowledge about QC depicts a major challenge with the consequence
that skillsets such as the ability to program Quantum Computers are a rare token and the
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awareness for the increasing importance of QC is dragging behind the rising interest of
QC application in both academia and industry.

Serious games (SG) feature an impressive list of successful achievements on learning
in various challenging fields including the physical/mathematical sciences, game theory
or problem solving [7–10] and have also been successfully used to convey the theory of
quantum mechanics [11]. With their potential to unleash an immersive learning experi-
ence, SGs provide a promising approach to address the complex topic of QCwhile being
geared towards the needs of specific and specialized audiences [11–13]. IBM research
has one of its foci in the field of QC and contributes to spreading the subject among a
broader audience, targeting at (future) IT professionals such as university students or
developers on the one hand and decision makers in different companies on the other.
Accordingly, the ways to address those different target groups vary, but oneway to attract
interest in quantum mechanics and QC is by using SGs highlighting the specific effects
that distinguish Quantum Computers from classical computers.

Although several SGs for QC are available to date, the specific learning needs of
IT professionals are not sufficiently covered to equip them with a knowledge base on
the fundamental concepts of QC. Based on an analysis of the current SGs for QC, we
have identified the concept of Entanglement as an underrepresented learning objective.
In accordance with this finding, we have developed a concept for a SG around Quantum
Entanglement in cooperation with the IBM Quantum Ambassadors team by using the
Greenberg-Horne-Zeilinger (GHZ) experiment [2, 5]. Our prototype1 has already been
included in the workshop concept for applied QC at both practitioner-orientedMeetup™
Sessions [14] and IEEE QC conferences [15].

This paper aims to advance the knowledge basewithin the field of SGs and learning in
three dimensions: (1) it identifies Quantum Entanglement as underrepresented learning
topic in the array of QC concepts covered by SGs, (2) provides a case study on the
development of a SG in the application domain QC for a business context, and therefore
(3) adds to the understanding how and with whom such a SG is used in the advanced
professional computing industry.

2 Related Work and SG Evaluation

2.1 Quantum Computing as a Field of Interest

A classical computer used today is based on classical physics. Information is stored in
bits that can be either 0 or 1. In contrast to that, aQuantumComputer is based on quantum
mechanics and the basic unit to store information is a quantum bit, also called qubit [5].
A qubit as a normal bit can only return |0〉 or |1〉 as result of a measurement. However,
its true state can take on infinitely many linear combinations of these two basis states
[16]. Using operations from quantum mechanics, a Quantum Computer can perform
calculations on several input values at the same time and therefore QC is projected to
support many different areas including finance (stock market forecasts), the medical
field (drug development), chemistry (identification of new molecules and materials), or
machine learning (provision of more accurate models) [17].

1 Available under CC-license on github (https://github.com/JanLahmann/Fun-with-Quantum).

https://github.com/JanLahmann/Fun-with-Quantum
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Although the first Quantum Computers with 2 qubits were introduced in 1998, two
decades later the nowadays existing Quantum Computers with around 50 qubits [18],
still are not capable to run the previously developed algorithms in a way that exceeds
the capabilities of classical computers [19]. While QC has long existed as a primarily
theoretical subject, its practical application was largely unfeasible due to the lack of a
real Quantum Computer. But as hardware innovation in this field is catching up, QC is
increasingly becoming a subject of practical relevance.

The idea of QC is to use Quantum Gates and quantum effects such as Superposition,
Interference and Quantum Entanglement. Quantum Gates perform basic operations on
qubits similar to the classical operations “and”, “or,” “not” and so on [5]. Superposition
basically states that any two (or more) quantum states can be added together (“super-
posed”) and the result will again be a valid quantum state [ibid]. Quantum Interference
allows the Superposition to happen constructively or destructively, i.e. the states may
amplify or cancel each other out. In QC, Interference is used to increase the probability
of getting a right answer and decrease the chance of getting a wrong one [20].

The last key effect, theQuantumEntanglement, creates a strong dependency between
several qubits and enables a Quantum Computer to solve problems that were previously
impossible to solve [5]. Experiments such as the GHZ experiment [21] illustrate prob-
lems which cannot be solved with classical logic but can be solved by exploiting Quan-
tum Entanglement. The GHZ experiment therefore can be used to show the additional
potential of Entanglement.

2.2 Serious Games for Quantum Computing: Selection Criteria

Games are following a long tradition and play an important role in the learning process
of humans [22]. The element of gamification takes advantage of the natural play instinct
to set a focus on the task and increase the motivation to solve the presented problem
in the best way possible. This can motivate people to spend more time with higher
concentration [23]. These positive effects can also be used for learning. Therefore, SGs
are a good way to learn about a new technology such as QC.

With the rising interest in QC, many different forms of learning material come to
the fore, including different types of game applications. They can be distinguished into
two types of games: (1) Games explaining aspects of QC but are themselves not running
on Quantum Computers. This type includes analogue board and card games, as well
as video games that explain or exploit the basic principles of QC. (2) Games running
on a quantum device or a quantum simulator. This second type is an absolutely recent
phenomenon, as it is closely connected to IBM’s launch of the IBMQuantumExperience
on May 4th, 2016 [24], which enables the public to access IBM’s Quantum Computers
via cloud. UsingQiskit [25], IBM’s open sourceQC software framework, theseQuantum
Computers can be programmed either using Python or a graphical interface.

The games in this second type are designed for various purposes. Some of the first
games were developed to proof that games can run on Quantum hardware. Other games
have the purpose to teach the player principles of QC and some are developed mostly
for the developer himself to learn how to program a Quantum Computer. Across type
(1) and (2), there are roughly 50 games in different forms concerning QC which are
developed from different individuals and companies. For this paper, only those games
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which are (a) digital, (b) target on aspects of QC and/or quantum mechanics and are (c)
publicly available free of charge in a playable version, have been analyzed. According
to these criteria, we have included 11 SGs of type 2 into our analysis. Additionally, the
board game “Entanglion” (Type 1) has been included as it is covering a broad variety
of concepts in the field of QC and appeared to meet most criteria of a SG in providing
an introduction to the subject. Even though it is not digital, it is available as a printing
version free of charge on GitHub [26].

2.3 Evaluation of Learning Topics

A systematic review of the included SGs for QC in relation to the addressed learning
topics reveals major differences in relation to covered QC concepts and intended audi-
ences. Table 1 provides an overview on the main learning objective of each of the SGs in
conjunction with the Quantum concepts it explicitly addresses. As the level of depth at
which these concepts are covered varies significantly, a four-tiered classification concept
was introduced: (T) - teaches, (L) - links additional information, E - exposes and (U) -
uses. (T)eaching means, that background information for the general application of the
concept is provided, while (L) does not provide information about the application of the
concept in general but only for the use case in the SG. However, the name of the concept
or references to further information about the concept are provided so that it is easy to
obtain further inform about it. (E) only highlights the difference in the use of a Quantum
Computer but does neither link any references nor mention the exact term of the concept
used. (U) only uses the concept as a consequence of the game mechanics and does not
mention it in any further way.

The outcomes of the evaluation (Table 1) illustrate that most of the evaluated SGs
make use of the four fundamental concepts of QC but typically do not address the
subjects in a depth required to create awareness beyond the fact that there are some
differences between QC and classical computing. Surprisingly, none of the SGs follows
the intention to provide a complete introduction to all of the concepts ofQC.Furthermore,
the only fundamental concept not covered by SGs on a teaching level (T) is the concept
of Quantum Entanglement, although it is (U)sed in many SGs. This is a clear gap in the
field of SGs for QC and hence this paper is aiming to close it.

3 Development and Implementation of a New Serious Game
on Quantum Entanglement

3.1 The GHZ-Experiment as Conceptual Background to Approach Quantum
Entanglement

Quantum Entanglement is one of the four fundamental concepts in QC and only few
of the SGs have attempted to explain the concept behind it or show how it can be
incorporated in a program running on a Quantum Computer. The reason might be that
Entanglement is quite difficult to grasp as it conflicts with our intuition. Entanglement
strongly connects two or more qubits – regardless of their physical distance - so that
their quantum states are no longer independent [38].
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Table 1. Overview of learning objectives

The effects of Entanglement have been shown in several experiments, e.g. the GHZ
experiment [21]. The GHZ Game involves a simple puzzle. A team of three players
collaborates to agree on a winning strategy. At a certain time, they are then either asked
for an X value or a Y value (One may think of X and Y being the shape and color of an
object, respectively). Each player can answer either with 1 or −1 but needs to answer
immediately without any consultation with the fellow players.

The variables - which represent the pre-agreed answers of each player to each of the
possible questions - can only be chosen in a way to win for some, but not all four of
the question sets [39]. When introducing moves (i.e. strategies to answer the questions)
based on quantum mechanics, however, it becomes possible to constantly win the game
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for each of the four sets of possible questions. If the three players share three qubits
in a GHZ state and each player measures the X or Y value of their qubits according to
the question they were asked, the answer is always correct. This means the players can
succeed in a game impossible to win under conditions based on classical physics.

3.2 Development and Implementation of a SG on Quantum Entanglement

Harnessing the setup of this experiment the learning objective of the GHZ SG is to
introduce the concept of Entanglement, show how it can be programmed using Qiskit
andmake the players becomeacquaintedwith the additional possibilitiesQCcanprovide.
The targeted audience are IT professionals who can be classified as beginners in the field
of QCwhowant to understand the principle of QuantumEntanglement and are interested
in learning how to program a Quantum Computer. In the current prototype version,
interactions are limited to a dropdown choice in the classical version and interactive
code cells in the quantum part of the game. The game is designed for a single player.
For the implementation of the concept presented above, Jupyter Notebooks2 and Qiskit
[25] are being used.

Fig. 1. Starting screen

The game starts with an introduction of the user interface and the explanation of the
rules for the GHZ-game. Then the experiment is represented interactively, so that the
player can choose the actions his team is taking in the classical version of the experiment
Fig. 1. He can test his choices by running a game simulation. When thinking about it in
more detail or testing several options the player finds out, that he is unable to constantly
win the game. With the classical version, the maximum winning probability is 75%.

However, after introducing Quantum Computing, it becomes possible to develop a
100% winning strategy. Therefore, the player is taught how to write a simple quantum
circuit to derive the necessary information out of a GHZ state to win the game Fig. 2. At
the end of the notebook further explanation of the GHZ state and the GHZ experiment
as well as references to further learning material are provided.

2 Documents that can contain interactive code cells (programmed in Python), equations,
visualizations and explanations.
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Fig. 2. Learning to write a quantum circuit

The SG is now an integral part of IBM’sQC introduction and hands-on sessions, such
asMeetups and various client presentations on QC. Before development of the GHZ SG,
a SG (a “Quantum Coin Game” [29]) was used, that could solely explain Superposition
and Interference, but not Entanglement. These games demonstrate the potential power
of quantum algorithms over classical algorithms in an engaging and plausible way.

4 Discussion

On purpose, the covering story and the gamification elements incorporated into the SG
are limited, and a simple riddle which is played in two teams is chosen. With the SGs
main focus being on teaching the concept of Entanglement and showing its capabilities
as well as how to program it using the quantum framework Qiskit, the visualization is
deliberately basic with an emphasis on accurate provision of the content. However, an
increased user experience with more visualizations might attract more players beyond
the immediate workshop attendees.

As the objective of the game is to provide an on-the-spot introduction to Quantum
Entanglement it is not designed to be played repeatedly. Nonetheless, the SG can help
to develop a basic understanding of Entanglement and the additional possibilities it
may provide. It is the first SG, to the best of our knowledge, that provides an extensive
introduction to Quantum Entanglement. Therefore, despite its limited user experience it
is well suitable to be used as an introductory tool.

An initial version of the SG has already been used with a small number of IT Pro-
fessionals. The first release will be piloted in a tutorial at an IEEE Quantum conference
(“IEEE QCE20”) [15] in October 2020 and then will be used in Meetups conducted by
the IBM Quantum Ambassador and Qiskit Advocate teams. Based on these inputs, a
follow-up study is planned to provide a relevant empirical data base.

A potential extension could be to add additional levels to the game that broaden the
gameplay and the concepts being illustrated. We could imagine using the application of
Quantum Entanglement to other problems that are not solvable in a classical way but
have a solution when using Quantum Entanglement.
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5 Conclusion

For an emerging technology such as QC it is important to be spread for the public to
understand its potential. However, QC is not easy to understand, and the fundamental
concepts used that include Superposition, Interference and Quantum Entanglement are
challenging for IT professionals who are rooting their understanding in classical com-
puting. Therefore, SGs can be helpful to introduce these concepts to a wider audience
in an entertaining way.

The 12 SGs that have been evaluated in our review study have shown a heterogeneous
field of objectives, purposes and target audiences. In spite of this finding we were able to
clearly identify the transfer of knowledge about the Quantum Concept of Entanglement
as a gap in the field. Accordingly, we have conceptualized and developed a SG based on
theGHZ-experiment targeted at IT Professionals. Our paper, therefore, not only provides
a systematic analysis of the current landscape of SGs in QC, but also delineates a case
study on how to design and implement a SG in that field.

Acknowledgements. We would like to thank Dr. James Wootton (IBM Research) for discussing
our ideas of the game and design of a Serious Game for Quantum Computing and for his help in
streamlining our setup for the target group of IT professionals.
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Abstract. This paper presents the current state-of-the-art in applying Gamifica-
tion Analytics (GA) techniques in the e-learning context and presents the design,
implementation, and early evaluation of the Interactive Gamification Analytics
Tool (IGAT) for the learning management system Moodle. By exploring exist-
ing work on GA, we provide insights into current problems and challenges of
gamification monitoring. Next, we reflect on a GA requirements model and ana-
lyze existing GA tools. From this, we incorporate key aspects in the design and
development of IGAT.
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1 Introduction

Gamification signifies the application of game elements for developing game-like expe-
riences in non-game tasks and concepts [1]. A game-like experience describes users’
emotions and satisfaction of using a gamified application, which should, if positive and
consistent, ensure gamification achieves its goals (e.g. encourage users’ engagement,
motivation, or goal achievement [2]). Gamification as a process can be divided into two
phases—monitoring and adapting. In the monitoring phase, designers gain knowledge
on user-gamification interaction which should, in the later phase, be used to adapt design
flaws that do not work as intended [3]. Gamification Analytics (GA) describes methods
and tools that support gamification designers to monitor the success of gamification
projects, to understand a user’s behavior and to adapt gamification design accordingly
[4]. The main task of GA is to identify and implement metrics that provide compre-
hensive insights into the user interaction with a gamified system, from which designers
should be able to draw conclusions regarding their gamification design. Besides, GA
should support the identification of different user types as the heterogeneity of users’
traits is recognized as one of the main challenges in obtaining positive gameful expe-
rience [4]. For this, GA applies methods from data science and machine learning to
gamification data to analyze and visualize the results to the different stakeholders.

Despite the highlighted importance of monitoring and adapting gamification, GA
has not yet received significant attention from the community. Namely, the literature
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review reports only four existing GA tools and emphasizes that the progress in research
on gamification is highly dependent on GA tools [5]. To reduce this gap, we developed
an Interactive Gamification Analytics Tool (IGAT) for gamification in online education.
IGAT is a plugin for the Learning Management System Moodle that provides various
metrics for students and teachers to help the reflection on the gamification design and
success. Further, to ensure IGAT’s contributes the current research needs a literature
review on most recent publications regarding GA tools was conducted.

2 Theoretical Background and State of the Art

Since gamification emerged, numerous studies have applied game elements in educa-
tion and especially in online learning contexts. However, various open questions and
challenges need to be addressed. One such issue is the inconsistency of gamification
evaluation approaches, which directly question the validity of the results reported in the
studies [6]. Therefore, reviewers seek to find new methods that will reduce the existing
restrictions and increase the credibility of results. For example, more data on user-
gamification interaction are needed as these can provide comprehensive insights into the
relationship between a gamified system and users’ behavior. Methods and approaches to
realize such requirements are merged in the GA research domain. To support the devel-
opment of GA tools, Heilbrunn et al. developed a design framework for the gamification
monitoring process (see Table 1) [7].

Table 1. List of requirements and the evaluation of IGAT design regarding them.

Requirements groups Requirement Result

Application KPI monitoring—provide
insight into undesirable behavior to help
designers understand causal relations
between gamification design and resulting
application KPI values

R1: Definition of custom KPIs LA

R2: Definition of pattern-based KPIs LA

R3: Definition of KPI goal values LA

R4: Dashboard LA

R5: Change markers LA

R6: Goal markers LA

Game Element Analytics—provide an
understanding of user interactions with the
gamified system. Observing how the
system components work, which parts are
(not) often used or are used only by a
specific group of users give important
insights into user behavior and lead to
major gamification improvements

R7: Feedback rate ↑

R8: Point distributions ↑
R9: Achievable game elements statistics ↑

(continued)
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Table 1. (continued)

Requirements groups Requirement Result

R10: User distributions on game element
state

↑

R11: Temporal statistics ↑
R12: User characteristics ↑
R21: Tracking Intercations with the GUI ↓
R22: Alerting ↓

Game Design Adaptation—enable the
integration of A/B testing to conduct
experiments and real-time changes to the
system

R13: Experiment creation ↘
R14: Experiment result analysis ↘
R15: Direct design adaptation ↘

User Groups of Interest—enable the
reflection of different user types that show
varying behavior when interacting with
the gamification

R16: Definition based on criteria ↑
R17: Definition based on cluster analysis ↓
R18: Definition based on manual
selection

↓

R19: Filtering of overviews by user
groups

↑

Simulation—provide designers a
possibility to simulate a gamified system
to support early design decisions

R20: Simulation and result analysis ↓

Note*: ↑ = fulfilled, ↗ = mostly fulfilled, ↘ = partly fulfilled, ↓ = not fulfilled, LA = fulfilled
by suitable LA tools

The framework describes the data-driven process of monitoring and adapting gam-
ification design, and the analytics-related activities for gamification interventions. The
framework defines 22 requirements a GA tool should fulfill to provide valuable support
for gamification phases. In this paper, we use their requirements model to assess the state
of the art on the currently available tools for integrating GA in a gamification project,
and, to design the IGAT tool.

Literature Review. Trinidad et al. [5] examined relevant scientific papers on GA to
locate studies that deal with the monitoring phase of the gamification process, and
identify challenges andproblems in thefield. In this regard,we applied theirmethodology
to also cover the most recent publications (until Dec. 2019). Our literature review should
answer two research questions (RQ): (1) what are the available GA tools and (2) what
are the main problems and needs that require to be addressed regarding the gamification
monitoring phase? The selected scientific databases are IEEE Xplore, Web of Science,
Springer Link, ACMDigital Library and Scopus. The used search string is “gamification
ANDmonitor*”. Searches were carried out applying the following inclusion criteria (C):

• C1: The retrieved study is written in English.
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• C2: The retrieved study deals with the field of the gamification monitoring process.
• C3: The study introduces a tool for supporting the gamification monitoring process.

The search led to 337 retrieved papers that were assessed concerning the inclusion
criteria. The inclusion criteria were applied by reading the title and abstract from the
articleswhich left uswith only one (that fromDichev et al. [9]) corresponding publication
to be considered as a primary study. These literature reviews revealed that possibly only
three studies [7–9] exist that deal with the gamification monitoring process. From them,
we identify four GA tools which are discussed in Table 2.

Table 2. The description and analysis in regard to GA requieremnt model

Reference numer Description of the tools Fullfiled requirements

[7] Bunchballa is a commercial, cloud-based platform
that offers gamification solutions to improve user
loyalty and online engagement as a
Software-as-a-Service model. Bunchball
incorporates several basic monitoring features like
predfined gamification-related reports and a user
segmentation feature.
Gigyab is part of the “SAP Customer Data Cloud”
and mainly targets the gamification of online
communities. It embeds analytics that provides a set
of predefined reports which accordingly focus on
social metrics. However, its documentation states
that it will be deprecated on 31.01.2021

1/22

[8] A framework that can be used directly by domain
experts without dealing with implementation
details. Experts can use a visual editor to create a
gamification strategy model, which then,
automatically gets compiled into a runtime
environment. Further, GA metrics can be modeled
using the editor. The gamification analysis is then
sent to the strategy experts via email

10/22

[9] Analytics dashboard for teachers and students in the
OneUp gamified learning platform. These
dashboards used timelines as a key aspect of the
feedback process. Aside from various learning
analytics (LA) metrics, the dashboards also
included some game elements statistics like number
and category of awards acquired and virtual
currency obtained and high/low/mean points

3/22

ahttps://www.bunchball.com/, last accessed on 12.04.2020
bhttps://developers.gigya.com, last accessed on 12.04.2020

https://www.bunchball.com/
https://developers.gigya.com
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This review of currently available GA solutions shows that there is currently a severe
lack of tools that support the gamification monitoring process. The discussed GA tools
can be adopted to fulfill gamification monitoring purposes to some degree but are not
designed for this purpose. Thus, we conclude that none of the currently existing solutions
support the majority of the requirements and therefore do not offer sufficient support for
assessing the gamification design in the monitoring and adaptation phase.

Concerning the RQ2, we did not found any new studies discussing the current chal-
lenges and problems in the field, thus we summarize the conclusion from the work of
Trinitad et al. as follows: Themain problems and needs in gamificationmonitoring phase
are categorized in three groups: General (the complexity of the field, existing GA tools
do not satisfy a large portion of the GA requirements), Metrics (lack of GA solutions on
defining and monitoring KPIs and solutions that allow experts to discover different user
types), and Testing (lack of solution providing the support for early gamification design
phases and simulation) [5].

3 Interactive Gamification Analytics Tool

IGAT supports teachers and gamification designers to understand students’ interactions
with gamification in the e-learning environment. Further, IGAT helps students to accept
and understand the gamified system, by providing notifications, and in-depth feedback
on their current state and progress in gamification-related activities, and the possibility to
control and justify certain gamification features. IGAT is developed as a Moodle block-
plugin and therefore is built upon available gamification features—experience points
(XPs) and levels provided by the Level up! plugin1, and the Moodle badge system2.
Analytics on these game elements are presented and available in two main Views -
Student and Teacher Dashboards. IGAT is accessable within the right-side block in the
course.

The Student dashboard consists of four tabs: Progress, Badges, Leaderboard, and
Settings (see Fig. 1). The Progress tab merges all information regarding the students’
current state concerning available game elements. This includes the overall progress
depicted in a progress bar displaying the ratio of completed levels and acquired badges,
current XPs and the points required for reaching the next level. Next, the level overview
shows the current level and its description as well as a list of all available levels and the
points required to achieve them. A badge overview shows already achieved and yet to
be achieved badges. Besides, a statistics box informs the students about the percentage
of students in the course, that are at a higher level, lower or the same level as the current
student.

To inform the student on how to progress further, anothermodule displays ten random
activities that he/she can take to earn more points and thus level up. The Badges tab
provides an overview of achieved and available badges. For achieved badges, the issue
date is stated and for badges that are still available the criteria for earning are listed.

Finally, the Leaderboard tab consists of a table of students which are ranked by their
current points. By default, the leaderboard displays only 5 students below and above

1 https://moodle.org/plugins/block_xp, last accessed on 12.04.2020.
2 https://docs.moodle.org/38/en/Badges, last accessed on 12.04.2020.

https://moodle.org/plugins/block_xp
https://docs.moodle.org/38/en/Badges
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Fig. 1. Screenshot of progress tab

the rank of the current student, however, the student can change this in the Settings
tab to view the full leaderboard or completely hide it. Students can also choose if the
leaderboard shows their full or anonymous name.

TheTeacherDashboard is designed based on the gamification requirementsmodel.
It is composed of two views: Gamification Elements Analytics and Gamification Dash-
board Analytics. Gamification Elements Analytics provides insights on students’ inter-
action with each game elements separately, while Gamification Dashboard Analytics
provides insights on their interaction with the Students’ Gamification Dashboard. The
following metrics concerning the GA requirements are available:

• The gamification feedback rate (R7) measures the number of state changes in the
gamification per day. These include gathering points, achieving badges and reaching
levels. The metrics should indicate to the teacher how much feedback is provided by
the current gamification configuration.

• The point’s distribution (R8) is displayed in a bar chart showing the number of students
in the predefined XPs range (e.g. [0–200], [201–400]). Also, a level distribution (R10)
is provided which visualizes how many students have reached each available level.
Finally, badges distribution (R9) plots the number of students who have achieved the
available badges on a bar chart. This supports evaluating the design of badges in the
course and their reception by students.

• Complementary to level and badges distribution, the average days it took for students
to reach each level and average days needed to earn a badge (R11), are presented as
a bar chart. This statistics should enable further insights into game elements design.

• The ‘gamification tab view metric’ (R10) measures how often the students visit each
of the four tabs (see Fig. 2). This line chart plots all dates from the course begging on
the x-axis and the no. of page views for each tab on the y-axis. This should allow us
to reflect on user-gamification interaction and detect changes in user behavior.

• To provide more insights on how the student browse through the dashboard, a ‘gami-
fication dashboard subsequent pages’ (R10) graph has been added (see Fig. 3). This
graph shows which pages students move to when they left a tab on the students’ view.

• The ‘average tab viewing duration’ calculates the time student spent on each dashboard
tab. This metric is visualized as a bar chart for easy comparison between the tabs.
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Fig. 2. Gamification tab-view metric with filters

Fig. 3. Gamification dashboard subsequent chart preview

• The ‘leaderboard visibility’ (R10) chart shows student’s configuration concerning the
leaderboard visibility (full, limited -five places above and below their position or
hidden leaderboard). Analyzing which settings have been chosen by the students can
provide insights into the students’ perception of the leaderboard.

• The ‘leaderboard anonymity’ (R10) chart shows the proportion of students that chose
to hide their full name i.e. show as anonymous in the leaderboard.

• IGAT includes the possibility to filter each GA metric based on students’ learner type
(see Fig. 3). The information on students’ learner type is derived from a third-party
Moodle plugin that integrates a questionnaire based on the Felder and Silverman
learning style model [10]. With this R12, R16 and R19 are fulfilled.

The design of IGAT was able to completely fulfill 10 of the 22 requirements, (see
Table 1). Three requirements regarding Game Design Adaptation are considered to be
partly fulfilled as A/B testing experiments are easily realizable by dividing students
between two Moodle courses with identical learning materials and comparing the GA
provided by IGAT. Simulation requirements (R20) could not be realized, because the
Level up! plugin and the badge system differ considerably regarding their software
architecture and have not been designed in a way that allows simulating gamification
use. Finally, as the KPI in the e-learning context is used to measure learning success
through LA data, these requirements (R1-R6) are already supported. Namely, this area
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is very well supported by several Moodle plugins and thus the KPI requirements are
not considered as an IGAT feature. To conclude, IGAT is able to meet 17 of the 22
requirements at least partially when adequate LA tools are used in combination.

4 Evaluation

The evaluation of the proposed GA tool is addressed by both students’ and teachers’
perspectives. First, the student dashboard designwas evaluated regarding students’ expe-
rience and opinions. Next, professors evaluated the teacher’s dashboard to examine its
design and usefulness. The design evaluation aims to identify aspects that succeed in
achieving their desired effects and highlight shortcomings to point to directions on how
these could be improved. The evaluation of usefulness should assess if used GA metrics
are valuable and useful in identifying gamification design flaws.

The IGAT was applied in a one-month online JavaScript course offered to Bache-
lor students at the Department of Computer Science at the RWTH Aachen University.
Students could collect XPs, progress through levels, and earn badges by completing
different learning activities and tasks. The participation in the course was voluntary,
and none of the gamification features was obligatory or restrictive in any way. In total,
38 students participated in the course. The student-gamification interaction data were
collected and displayed in IGAT. The data are used for the quantitative measures to
capture first insights on game elements and dashboard usage. After the course, interview
invitations were sent to course participants and five interviews were conducted. The
semi-structured interviews included questions referring to their perception and experi-
ence with the student dashboard and each dashboard tab individually. The interviews
were analyzed to gain the first insights into the design process, which will be used for
further improvements in IGAT design.

The evaluation of the teachers’ dashboard and GA features was conducted through
semi-structured interviews with six professors at the RWTH Aachen University. The
interviews began with a short introduction to the JavaScript course and the IGAT on a
computer that was accessible during the whole interview. After the introduction, par-
ticipants were free to interact and get familiar with IGAT. The main objective of the
interview was to address the metrics available in the teacher’s view. For each metric, the
participants were asked to describe what it measures and how they interpret it. The teach-
ers were asked if the visualization of each metric is appropriate and what conclusions
can be drawn. The teachers then were asked to evaluate the usefulness of this metric for
assessing and improving gamification. The interviews concluded with closing questions
to summarize their opinion and address additional aspects that have not been covered.
Teachers’ answers are used to gain insights on current metrics provided within IGAT
and to evaluate metrics readability and interpretations.
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4.1 Results and Discussion

Students’ dashboard. IGAT interaction data collected from the JavaScript course
showed 44% students actively3 interacted with game elements. On average students
leveled up every 5th day, and earned 1.5 badges per week. Regarding their interaction
with the gamification dashboard, IGAT data showed that the most visited tab was the
leaderboard tab with an average retention of 2.31 s per visit. Opposite, the least visited
is the progress tab with retention of 0.6 s per visit. Concerning the settings configura-
tion, 42% students switched the visibility setting of the leaderboard to ‘show full’, while
none of the students choose to hide the leaderboard. Further, none of the students had
completely hidden their full name on the ranking list.

The semi-structured interviews with students revealed most students had an overall
positive perception of the gamification and its integration in the course. They all think
the inclusion of game elements is interesting and harmless and would like to see it in
other courses as well. Besides, they perceived the layout clear and well-structured. The
importance of the leaderboard noted from the data collected in course was underlined by
the interviewed students as they explicitly stated that the leaderboardwasmost important
to them. One of the students stated “While looking at the leaderboard I was focused on
my point count and the points of the first student above me. Each time I completed an
exercise I went back to leaderboard to check if I managed to overtake his/her place”.
Another student stated “If there was no leaderboard I think I would not do as many
assignments as I did. I reallywanted to reach a high rank”.Regarding badges and progress
bars interviews indicated two main reasons for their low visits. First, 2/5 students said
they were unnecessary as the leaderboard tab already showed all information there were
interested in. Other students, however, said they didn’t even see the tabs as they used only
the direct link to the leaderboard tab and did not pay attention to others. This indicates
that the block’s placement on the right side next to the course’ learning materials does
not sufficiently capture a student’s attention.

To conclude, the students’ viewwas evaluated positively by students, however, some
improvement is needed especially concerning the progress and badges tabs that have not
been used very frequently. Further, the links leading to the gamification dashboard need
to be placed more prominently and notification feedback should be provided at the
moment the student reaches a new level or earns a badge.

Teachers’ Dashboard. Evaluation with teachers revealed that IGAT is interesting, the
overall layout structure was intuitive to use, and the existing metrics covered some
important aspects of gamification. However, the metrics should be extended to provide
a clearer picture of student-gamification interaction. Further, two participants said the
GamificationDashboardAnalytics aremore useful for the gamification developers,while
the Gamification Elements Analytics are also interesting for teachers. The results and
derived improvements are summarized in Table 3.

3 Every student who earned at least one badge or reached minimum level 2 is considered as active.
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Table 3. Results of semi-structured interviews with teachers including derived improvements

Evaluated metrics Participants’ comments and
observations

Derived improvements

Gamification page views Useful for comparing which
game elements are interesting
and which are irrelevant to
students

Correlate data to the overall
student activity to provide
deeper conclusions

Dashboard subsequent
pages graph

The graph was perceived as an
advanced metric

Improve the readability of
visualization by coloring the
edges of the graph and the data
values, the thickness of the
edges should be changed based
on the data and it would be
helpful to be able to filter nodes

Leaderboard settings
metrics

The metrics are clear,
understandable, and useful for
gaining insights into students’
attitudes towards leaderboards

The system should prompt the
user to specify the desired
leaderboard settings before
accessing it. Also, information
on how the settings have
changed over time should be
included

XPs, levels, and badges
distribution

Helpful to get an overview of
the current state of gamification
and assess how challenging
levels and badges are

The metrics should be extended
to provide a clearer picture of
student-gamification interaction
The form of visualization should
change more frequently to keep
the viewers’ interest

AVG tab view duration Good indicators for gamification
achievement in students’
engagement

Enrich the data with the median,
and upper and lower quartile

5 Conclusion

In this study, we have conducted a literature review on the current state of GA, which
included an investigation of available GA tools focusing on the gamification monitoring
process, as well as the general discussion on problems and gaps in the field. Further, we
designed IGAT – a GA tool for the LMSMoodle to provide insights into the interaction
of students with game elements in the e-learning environment. The results from evalu-
ation showed students had an overall positive perception of the developed gamification
dashboard and would enjoy having it in other courses as well. Similarly, teachers stated
that provided metrics are easily accessible and are valuable to draw meaningful con-
clusions regarding gamification design and success. However, this work was subject to
some limitations. Namely, not all requirements identified in literature could be realized.
As Moodle’s system architecture and the used plugins came with some limitations it
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was not feasible to implement features like e.g. simulation during this project. Also, the
design was restricted to the game elements introduced by the Moodle. In the evaluation,
no gamification experts were available for the interviews, thus, raising these numbers
would have provided more reliability. Regarding the evaluation, we are aware that, due
to the small number of participants and the early stage of our work, those results can
not be quantifiable or generalized. Instead, they are taken as a first step guide towards
improvements that are necessary for IGAT to become a suitable GA tool.

To overcome the technical limitations, learning analytics could be integrated into
a future version of IGAT to enable a compact picture of how gamification can assist
learning. Another interesting aspect that can be explored is making GA accessible to
students. Expending statistics into the students’ view could help students reflect on
gamification as a tool for enhancing learning. Further, A/B testing with two gamified
courses from which one uses IGAT and the other does not, would be beneficial for
understanding if and to what extend available GA improves students’ perception and
attitudes toward gamification. Finally, since Moodle is a widely used platform, IGAT
could be easily integrated into courses from various domains. This could gain valuable
info on what metrics should be provided in GA tools concerning the diverse nature of
different educational subjects, and thus deepen the current evaluation issues.
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Abstract. Evaluating a serious game is a time-consuming task. However, good
evaluations are necessary to improve the effectiveness of serious games, and to
prove this effectiveness to stakeholders. Computer support of evaluations requires
addressing several problems, including security, privacy protection, data collection
from both questionnaires and in-game activities, data analysis, andmanagement of
the experimental workflow. We describe improvements to the Simva architecture
to add scalability and a bridge to exploratory data science to our one-stop serious
games evaluation platform. Simva supports evaluations ranging from small-scale
pilots to full-fledged validationswith complex experimental designs. The improve-
ments described in this paper greatly increase ease of deployment, interoperation
with existing authentication infrastructure, and scalability of Simva, and can be
readily applied to tools with similar goals.

Keywords: Serious games · Evaluation · Learning analytics

1 Introduction

Serious games are currently expensive to evaluate. Additionally, traditional
questionnaire-based evaluations are limited in scope, and require substantial effort to
yield additional insights. Our evaluation platform, Simva, streamlines evaluations by
bringing all required steps under a single roof. We present a new architecture for
Simva that makes it easier to install and use; and which allows extracting more insights
from collected data by interoperating with common data science tools, such as Jupyter
Notebooks.

The next section of the paper describes how serious games are generally evaluated
and includes examples of common experimental setups for evaluating serious games.
Then, we present improvements to Simva to simplify validation by automating all steps,
and simultaneously simplifying the roles of the system administrators which install and
integrate Simva and the researchers that use it to run their experiments and look at the
resulting data. Finally, we describe our conclusions and planned future work.
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2 Evaluating Serious Games

Serious games are often evaluated with pre-post experiments, in which participants fill in
questionnaires both before (pre) and after (post) playing the game [1]. Improvements in
questionnaire scores are attributed to in-game learning, andwhen statistically significant,
result in games that are formally evaluated as effective.

To perform a pre-post test, experimenters need to prepare, distribute among partici-
pants, and score both the pre and post versions of the questionnaire. They also need to
ensure that each post-test is pairedwith its corresponding pre-test. This can be automated
through online forms, such as LimeSurvey; but online forms are generally not designed
to support this workflow, and even when programmable, require significant effort to do
so.

Experimental designs often include the use of control groups. For example, members
of a control group could be asked to play a second game, of equal duration but unrelated
to the serious game under study. Improvements in pre-post scores from control group
participants allow learning effects from the tests themselves to be measured and quan-
tified. In a more complex approach, a counter-balanced experimental approach would
include two sequences of experiments for each of two groups: participants in the first
group would be requested to fill in a pre-questionnaire, play the intervention game, fill
in a post-questionnaire, perform the control activity, and then fill in a final questionnaire.
Those in the second group would reverse the order of the control activity and the inter-
vention game. The advantage of this approach is that all participants end up performing
all activities, avoiding unfairness. As a final example, a recall experiment measures test-
score variations several days or weeks apart from the interventions. Logistically, they are
harder to carry out, since additional experimental sessions must be scheduled in addition
to the main experiment where the game is played.

In a recent literature review on serious games to address bullying and cyber-bullying
[2], 45% of the 42 publications describing experiments used paired pre and post-tests,
90% of the experiments used a single session of gameplay (as opposed to several), and
42%of the 26games used control groups for their experiments.While not a representative
sample of all serious games, these numbers hint at the difficulty of carrying out more
complex experiments

2.1 Collecting Interaction Data to Improve Evaluations

Interactions between the players and serious games can also be collected and analyzed,
either in real-time or after the session is through. Several standards for reporting these
interactions are currently in use. General interactions between the learning system and
learners can be formatted and sent to a server for analysis using standard formats, such as
ADL’s xAPI statements [3] or IMS’Caliper events [4]. Using game-specific vocabularies
to describe these interactions decreases ambiguity by using standard definitions of most
game-relevant concepts; this is the purpose of the xAPI Serious Game profile, proposed
in [5].

Game Learning Analytics is the combination of Game Analytics and Learning Ana-
lytics and is dedicated to gaining insights from such interactions [6]. To use GLA in
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an evaluation, playthrough data for each participant must be linkable with their pre and
post-test responses.

3 The Simva Approach

In [7], we described the main functionality of the initial version of Simva, which inte-
grated LimeSurvey, an open-source survey management system, with RAGE Analytics,
a serious game analytics platform developed for the RAGE H2020 project [8]. By man-
aging identifiers and handling pre-post questionnaires, in addition to collecting user
interaction data, this version of Simva addressed many of the requirements for experi-
ments such as those described in [2]. Indeed, based on our experience managing large
experiments [9], we have identified multiple tasks that usually are problematic and
cumbersome in evaluations, and sought to address them with Simva.

Improvements to Simva further streamlined the process, adding support for more
complex experiments [10]. In addition, we identified the opportunity to integrate eval-
uation into game authoring, so that game authors using tools that support Simva (uAd-
venture) could enjoy built-in validation support [7]. However, those authors would still
need to install the Simva platform to be able to enjoy these advantages.

3.1 Integrating Simva

Our goal is to simplify game evaluation. The rest of this work motivates and describes
the architectural changes needed to make Simva (and evaluation tools in general)
easier to install, scale and integrate, both for small (local installation) and large
(cloud/institutional) deployments.

Figure 1 illustrates the new architecture of Simva, with the main modules as rounded
boxes. Modules are currently distributed as docker containers and configured to interop-
erate together through docker-compose (docs.docker.com/compose). Docker containers
generally encapsulate or all dependencies of a service and can be seen as lightweight
virtual machines. Use of these containers strikes a balance between ease of testing in
single-workstation scenarios and scalability in larger installations: many public clouds,
such as those offered by Amazon, Microsoft and Google, support kubernetes containers.
However, they are harder to work with locally; and the greatest leap, architecture-wise,
is from a monolithic to a distributed system—once a system has been split up into
collaborating containers, changing the type of containers is relatively straightforward.

In addition to cloud support, containers such as docker have several advantages
for development. First, it is possible to use trusted and tested containers for common
functionality with minimal or no modification, thus avoiding costly implementations
and gaining access to free maintenance in the form of bugfixes and newer versions.
In this sense, Kafka and Kafka-Connect, Minio, KeyCloak, Traefik and LimeSurvey
(depicted in Fig. 1) are existing open-source projects thatwe did not need to reimplement,
potentially saving several years of development efforts. Additionally, as these actively
maintained projects are updated, we will have the chance to upgrade to newer versions
with minimal additional effort on our part. We are the authors of RAGE Analytics,
but it is also an open-source project distributed as a collection of docker containers.
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Fig. 1. Overview of the main components of the Simva Framework. Traefik redirects requests to
each service, while Simva-Backend is the core that manages all other components.

An additional advantage is that changes to one container are, by the very nature of
containers, isolated from each other; so that use of incompatible library versions from
within different containers can never be an issue.

However, bringing together multiple systems does have a cost. In particular, users
rightfully expect to be spared from the internal complexity of the system. To this end,
Simva’s modules are hidden behind an application gateway (Traefik). Single-Sign-On
(SSO), provided by KeyCloak, allows the whole platform to appear as a single coherent
web application to the outside world, with 3 main entry-points, depicted at the bottom
of Fig. 1:

• Web access to the front-end, after suitable authentication, allowing studies to be con-
figured, managing groups of participants and their activities, and accessing collected
data once through a browser once it is available

• Ingress of xAPI-SeriousGame statements describing howplayers interact with games,
to be stored for later analysis; and, in the case of activities where real-time analysis
is enabled, to be made available as dashboards that display real-time analytics based
on player activity.

• Authenticated access to stored experimental results for access from external data-
science tools, such as Jupyter Notebooks.



A Scalable Architecture for One-Stop Evaluation of Serious Games 73

To achieve interoperation between all modules required some effort, mostly related
to enabling and configuring SSO and streamlining communication between them. For
example, LimeSurveywasmodified to use a SAMLplugin to interoperatewithKeyCloak
for SSO purposes; and we made additional changes to its RemoteControl API to better
manage surveys from the Simva backend. Minio, KeyCloak and Kafka-connect were
similarly customized to interoperate better.

The move to a containerized architecture has brought the following advantages to
Simva:

• Easy deployment. Containers are extensively used in cloud deployments, covering
scalability; and docker containers are lightweight enough to be deployed locally for
testing or smaller deployments, with minimal dependencies.

• KeyCloak supports major SSO technologies such as OpenID or SAML, allowing
integration of Simva into existing institutional authentication systems, so that users
need not memorize additional passwords.

• Traefik hides the inner complexity of the system, and as a fully featured application
gateway, can protect against API abuse via throttling and other configurable policies.

• Simva can quickly incorporate upstream improvements to its component modules; for
example, should newer versions of LimeSurvey be released, minimal effort would be
required to incorporate them into Simva, as changes would be limited to that particular
container.

3.2 Workflow of a Simple Evaluation

To illustrate the comparative ease of evaluating a serious game with Simva, we now
briefly explore the steps involved, assuming we are interested in evaluating a game with
participants from a local high school and have an unrelated serious game available for
use as a control group.

Fig. 2. Researchers can create multiple test branches and assign them to participants (A). Each
branch can be assigned different sequences of activities (B)—in this case, the bottom-right row is
the control group, while the top-right group plays the game under study.

First, the experimenters would need to download and launch the installation script
(github.com/e-ucm/simva-infra), following the instructions included in the repository.
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Given an environment where docker and docker-compose can be installed, this script
downloads, configures and connects all relevant containers, launching a fully functional
Simva platform locally. Experimenterswould next need to enter into Simva and configure
the participant groups for the study; this can be as easy as requesting Simva to generate
two sets of random tokens, one set for the intervention group and another for the control
group. Experimenter would then download the token sets as printable PDF files, where
tokens can be torn off to give them physically to each participant according to group; for
a more in-depth discussion of token use to provide anonymization, see [11]. Studies are
configured by determining participant groupings and assigning a sequence of activities
to each group, as illustrated in Fig. 2. Examples of activities include playing a serious
game or filling in a questionnaire. Figure 3 illustrates how Simva users interact with the
questionnaire module, provided by LimeSurvey but accessible through SSO as if it were
built in. For this evaluation, experimenters could author two surveys, one for use as a
pre-test and another for use as a post-test.

As participants log into the system through links (using their experimenter-provided
token), they would be requested to fill in the questionnaire, to play the game that cor-
responds to their grouping only once the pre-test is complete, and, only after finishing
the game, to fill in the post-test. Interaction between games and Simva is optional, and
performed through an HTTP API; but if enabled, games can query whether participants
with particular tokens have finished required activities before allowing the player to
play; and can report player progress to Simva.

Finally, once an experiment is finished, data for each participant is available for
download. In this case, experimenters would determine a scoring procedure for tests,
andmeasure score increase from pre-test to post-test in both the experimental and control
groups. Survey data can be downloaded as CSV or JSON files, while game interactions
are available as JSON using xAPI-SG structure.

3.3 Cloud Storage and Access to GLA

As the amount of data to be analyzed increases, data-science tools are moving away
from locally stored datasets to online ones. To enable the use of tools intended to analyze
online datasets, the updatedSimva architecture uses anS3-compatible storage.Amazon’s

Fig. 3. Screenshots illustrating the process of creating a new survey in Simva, using the LimeSur-
vey module: (A) launching the survey module to create a new survey; (B) survey authoring
environment; and (C) choosing an existing survey to use.
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Simple Storage Service (S3) is a de-facto standard for cloud storage; we use the open-
source, S3-compatibleMinio cloud-storage server for trace storage in Simva. This allows
us to support the many data-science packages and libraries that are already compatible
with AWS S3, due to the frequent choice of S3 to host data lakes

Figure 4 illustrates how Simva handles storage. Incoming traces from game inter-
actions are queued into Kafka and stored by Minio for later retrieval. Use of Kafka, a
scalable fault-tolerant queue, ensures that traces will not be lost, even in the presence
of potential processing delays on the part of different modules of Simva, most notably
complex analyses in RAGE Analytics. Simva includes a trace reallocator process that
periodically builds downloadable versions of per-user traces. This allows traces to be
stored per-activity but retrieved per-user with suitable access controls.

Fig. 4. Incoming xAPI traces are stored in Minio per-activity; and transformed using a trace
reallocator to enable per-user access.

Access to interaction traces is targeted at external data science tools such as Jupyter
Notebook, which have plugins that support S3 storages (see Fig. 5). Jupyter allows
quick generation and testing of hypotheses, for example segmenting users according to
their in-game actions to determine the impact of player behaviors on learning. During
preliminary tests of games, such rapid iterations are key to forming insights of what
works and what does not, and to build better learning analytics models (LAMs; see
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[12]) for the final dashboards to be used in future versions of that game. For example,
teachers often desire simple and understandable dashboards to see what is going on
during gameplay sessions, particularly if the games are used as a class activity. To create
these dashboards requires significant time and effort to build a data analysis pipeline;
if real-time updates are required, this would require stream-analysis technologies such
as Apache Spark, Apache Storm, or Kafka Connect, which are hard to prototype with.
A usual approach is therefore to start by applying a data science approach to perform
coarse-grained analysis, establishing and testing hypothesis in quick succession. Once
finished, it is much simpler to go to a data-engineering approach that applies streaming
technologies to build real-time dashboards.

Fig. 5. Researchers using JupyterNotebooks or other S3-compatible data-science tools can access
the traces stored in Simva (Minio) by authenticating against KeyCloak and using the returned
access token to fetch the data from Minio.

Once the game is mature, game learning analytics can be used to predict knowledge
gain without using pre-post games at all [13]. Indeed, the use of data-science tools with
serious games is most often related to prediction tasks, according to a recent literature
review [14].

4 Conclusions and Future Work

Streamlining the evaluation of serious games can greatly reduce the efforts required
to perform such evaluations, lowering the cost and risk associated with serious game
deployment. We have described improvements to the Simva serious game validation
platform that further lower the associated costs, by moving Simva to a containerized
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architecture based on solid open-source modules, and by adopting cloud storage for
GLA data, which is readily accessible from existing cloud-based data science tools.

Wedescribedhowa typical evaluation experiment for a serious gamewith the updated
Simva architecture would work, highlighting the main advantages it provides to exper-
imenters interested in evaluating or improving such a game. As a working tool, the
new version of Simva will be used to illustrate the evaluation workflow during the fol-
lowing semesters in several graduate and post-graduate courses on Serious Games and
E-Learning Technologies in the Complutense University in Madrid, Spain.

However, development of Simva is still ongoing. In particular, we are working on
adding support for IMS’ Learning Tools Interoperability (LTI) [15], to enable integration
of Simva-managed activities into LTI-supporting LMSs such asMoodle, and to facilitate
the development of Simva-compatible plugins and games. Simva would therefore act as
both an LTI Tool Consumer, to host/interoperate with games and plugins; and as a Tool
Provider, to be accessible from LMSs as an additional activity. This would remove two
large hurdles for running experiments with serious games in LMS-equipped classrooms:
it would remove the need to pre-configure games with Simva activity-ids (as the games
would receive this information via LTI); and it would allow launching of Simva-managed
experimental activities fromwithin theLMSas onemore task, allowingone-click launch-
ing of activities by relying on LMS-supplied information for authentication and group
configuration.

Although the present work has been focused on applying Simva to evaluate games,
it can also be used to evaluate any other educational tool that can be integrated as an
activity, for example with IMS LTI; and more so if it can generate xAPI statements, such
as H5P or Articulate content.
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Abstract. This paper proposes the use of a new data toolchain for serious games
analytics. The toolchain relies on the open source Measurify Internet of Things
(IoT) framework, and particularly takes advantage of its edge computing extension
(namely, Edgine), which can be seamlessly deployed cross-platform on embedded
devices and PCs aswell. TheEdgine is programmed to download fromMeasurify a
set of scripts, that are periodically executed so to get data from sensors, pre-process
them and send the extracted information to the Measurify APIs. Virtual sensors
can be built in game engine scripts. This paper describes the implementation
of the plug-in which deploys Edgine in Unity 3D, allowing an easy delivery of
virtual sensor information to Measurify. Just as a proof of concept, we present the
utilization of the whole chain within a trivial game scene, showing the application
development efficiency provided by a tool which is made available open source
to researchers and developers.

Keywords: Internet of Things · System architecture · Game development ·
Game engine plug-in · Virtual sensors · Reality-enhanced games

1 Introduction

Serious game analytics is an emerging research field, which aims at turning gameplay
data into “valuable analytics or actionable intelligence for performance measurement,
assessment, and improvement” [1].Not only does this high-level goal require the need for
developing serious games able to provide didactically relevant quantitative information,
but also efficient integration of modules for analytics collection and management [2].

Dealing with big data is a general and common problem, particularly in the context
of the Internet of Things (IoT), for which several solutions have been developed, espe-
cially using cloud-based frameworks. In this paper, we are interested in investigating the
application to the serious game context ofMeasurify (previously known asAtmosphere),
an open source IoT framework built around the concept of measurement, which looks
quite relevant to the goal of assessing and supporting a learner [3].

Actually, that article already briefly reports the experience of a University spin-off
company applying Measurify to design a data management model for the use case of a
3D virtual reality simulator for emergency room personnel instruction. The goal of the

© Springer Nature Switzerland AG 2020
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instructional tool was to assess the performance of a doctor by evaluating the effects
of his interventions on the various patients. To this end, the Measurify data model was
designed to record (i) the state of a patient, that is characterized by a set of time-evolving
parameters; (ii) the actions performed by the doctor (e.g., how he interacted with the
available simulation tools); and (iii) the events in the simulation (e.g., changes inmedical
equipment availability).

In this paper, we intend to go more in depth about the utilization of Measurify as
an analytics engine, particularly investigating its extension towards edge computing [4],
namely the recently released Edgine module [5], aimed at supporting a configurable
provision of measurements from the field.

The remainder of the paper is organized as follows. Section 2 provides the related
work, while Sect. 3 and 4 describe the Measurify and Edgine systems, respectively.
Section 5 is devoted to the application of the IoT framework to a gaming environment.
Section 6 draws the conclusions on the presented work and outlines possible directions
for future research.

2 Related Work

Serious games analytics is a research field involving empirical research methodologies,
including existing, experimental, and emerging conceptual frameworks, from various
areas, such as: computer science, software engineering, educational data mining and
statistics information visualization [1].

The literature provides several examples of serious game analytics (or game learning
analytics) applications. [6] explored players’ gameplay patterns to understand player
dropout in the Quantum Spectre science game. Based on their results, the authors argue
that modeling player behavior can be useful for both assessing learning and for designing
complex problem solving content for learning environments. [7] present a novel method
that suggests curricular sequencing based on the prediction relationship between math
objectives. The authors argue that their method can potentially be applied to data from
a wide range of games and digital learning platforms, enabling developers to better
understand how to sequence educational content. [8] explore existing log files of the
VIBOA environmental policy game. Our aim is to identify relevant player behaviours
and performance patterns. The correlation analysis suggests to the authors a behavioural
trade that reflects the rate of “switching” between different game objects or activities.
The authors also established a model that uses switching indicators as predictors for the
efficiency of learning. [9] developed a mobile game to support the transfer of theoretical
knowledge on resuscitation training in case of cardiac arrest. To analyse a large and
heterogeneous (in terms of sources and quality) data-set collected from 171 players, the
authors applied different types of data modeling and analyses. This approach showed its
usefulness and revealed some interesting findings.

[10] discuss a conceptual model (ecosystem and architecture) aimed to highlight
the key considerations that may advance the current state of learning analytics, adaptive
learning and SGs, by leveraging SGs as an suitable medium for gathering data and
performing adaptations. [11] describe two key steps towards the systematization of game
learning analytics: 1), the use of a newly-proposed standard tracking model to exchange
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information between the serious game and the analytics platform, allowing reusable
tracker components to be developed for each game engine or development platform; and
2), the use of standardized analysis and visualization assets to provide general but useful
information for any SG that sends its data in the aforementioned format.

3 Measurify APIs

Measurify is a cloud-based Application Programming Interface (API) designed to sup-
port an efficient workflow for preparing different measurement-based data-rich applica-
tions, especially but not exclusively from IoT devices [Atmos]. The framework integrates
APIs implementing Representational State Transfer (REST) services [12], that provide
a platform-independent HTTP interface (e.g., [13]). Measurify exploits the open source
MongoDB non relational database technology for data management, and on the NodeJS
programming language, supporting by design seamless cross-platform portability, with-
out being locked to a specific cloud vendor technology (e.g., Amazon Web Services
for the Internet of Things (AWS IoT) [14] or Microsoft Azure cloud platform [15]),
which is an important limit of current approaches. According to the RESTful program-
ming paradigm, the API exposes a set of resources, A resource is an object with a type,
associated data, relationships to other resources, and a set of methods that operate on
it. Measurify defines a limited but powerful set of resource types (Table 1), that have
been suited to create applications in international research projects in the automotive
and health domains [16–18].

Table 1. Outlook of the measurify resources

Resource Description

Measurement Is the actual data taken from the field (e.g., a temperature value)

Feature Is the type of a measurement. A type could be complex, with several
dimensions, of various numeric/text types (e.g., sets of position records).
Measurements could be of different types

Device Is the instrument (e.g., a thermometer) through which the measurement is
obtained

Thing Is the subject of a measurement (e.g., a weather station located on a
mountain)

Tag Labels that can be attached as attributes to other resources – typically
measurements, features, things and tag themselves

Constraint A generic relationship between two resources (e.g., to support automatic
generation of graphical user interfaces)

Computation Is the actual data taken from the field (e.g., a temperature value)

The first step of the workflow supported byMeasurify consists of the domain model-
ing, where the field objects (i.e., the objects involved in the measurements) are mapped
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to the API’s resources. In this phase, the IoT application designer has to define fea-
tures devices, tags, and constraints. In the configuration (or deployment) step, the above
designed model resources are straightforwardly encoded in a.json file, which is POSTed
to the framework APIs, so to create the Application Database (ADB) structure. In the
regime phase, the framework manages the ADB, allowing (i) dynamic insertion/update
of users, things, fieldmeasurements and computation requests; and (ii) retrieval of results
in terms of things, measurements and computation outcomes. The ADB structure can
be updated during the operation as well, by POSTing/PUTting/DELETEing features,
devices, and tags. All these actions happen only through the exposed resource routes
(i.e., standard functions through which objects can be accessed), with the well known
advantages of the RESTful approach in terms of scalability, encapsulation, security,
portability, platform independence, and clarity of terminology and operations.

In the next section, we present the extension of Measurify in the direction of the
edge computing, namely the Edgine (Edge Engine) module.

4 Edgine

Measurify is a cloud-based system designed to host applications receivingmeasurements
data through a REST API. According to the edge computing paradigm, computation is
beingmoved towards the edge, in order to optimize exploitation of resources.Availability
of computing capabilities on the edge, close to the field sensors implies the possibility to
implement sensor hubs, typically represented bymicrocontrollers, that can be configured
from remote in order to deliver the dynamically needed information.

This is the founding idea of Edgine, an edge system designed to support efficient
development of integrated IoT applications. Edgine features an HTTP communication
interface with the cloud (particularly with the Measurify APIs) in order to download
configuration settings and scripts that are executed locally.

The system code consists of two main parts: an initial one and a loop one. In the start
phase, which is implemented inside the setup() function, the Edgine software authenti-
cates itself and connects to the APIs to download its configuration parameters and the list
of scripts to be executed. Then, during the infinite cycle loop, the software continuously
executes each assigned script in sequence, processing the data and sending them to the
Measurify APIs.

Each device associated with Measurify is described by a JSON (JavaScript Object
Notation) file which includes, among others, the feature field, describing the expected
type of the measurements to be delivered, and the scripts field, including all the scripts to
be downloaded and executed by the particular device. A script consists of a sequence of
instructions that typically conclude with the delivery of the processed data to Measurify.
The raw data processing instruction types currently include simple arithmetic functions,
computation of simple statistic operations (e.g., min, max, mean, median, stdev), and
accumulation of values in a (sliding) window.

A key design requirement for Edgine is platform independence, in order to make
this paradigm widely available across edge devices. Thus, we strived to keep the system
as independent as possible from the hardware. To that end, classes have been created to
allow developers to switch fromWindows/Linux/Mac PC platforms to Arduino through
the use of C preprocessor macros.
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The differences between the two main platform types concern the Internet connec-
tion. In the Arduino case, an automatic connection to a WiFi network (predefined in
the code) is performed, and the system is also designed to perform a reconnection in
case of signal loss. In the Edgine version for PC-type machines, on the other hand, the
system waits until a network connection becomes available, before trying to perform
the initial authentication operations. At runtime, data that cannot be sent due to lack of
connectivity are accumulated in a buffer, waiting for a connection.

Up to now,Edgine has been used in some IoTapplications, concerning themonitoring
of environmental parameters such as temperature, humidity, light conditions [19].

5 Serious Game Application

While Edgine has a clear application to edge devices, such as microcontrollers, mobile
phones and automotive electronic central units (ECUs), its concept is abstract and can be
applied to any device processing raw data. Thus, the Edgine can also be employed in a
serious game with a goal to get measurements from it and pre-process them according to
some basic scripts. Everything is dynamically programmed from remote. Conceptually,
this corresponds to applying the IoT sensor measurement concept not only to reality but
also to a game’s virtual reality.

To achieve this goal, it is necessary to insert the Edgine system inside the target
serious game. This can be achieved by integrating Edgine inside a game engine. This
is a general solution, that could be seamlessly applied to any game implemented with a
given game engine.

For the case of Unity 3D, a widely used game engine, the idea is to develop a plug-in
that would wrap Edgine, making it available to any game. For instance, it would be
possible to configure the Edgine so to send to the measurement API (i.e., the generic
analytics engine) information such as: the average distance covered by a virtual character
in the last minute, the number of collected objects, the number of correctly answered
quizzes, etc. The key advantage – especially in a software engineering perspective of
efficient development - is the abstract and generic architectural approach, which makes
the solution generally applicable.

In the following, we describe the implementation of Edgine in Unity 3D. In this
game engine, C# scripts are usually employed to create components and specify their
behaviour. Scripts can exploit libraries of additional functionalities, made available in
Unity as plug-ins. Plug-ins are platform-specific native code libraries that can access
operating system functions and other third-party libraries, that would not otherwise be
available to Unity developers.

A Unity plug-in is equivalent Dynamic-Link Library (DLL), and can be efficiently
developedwithVisual Studio,which is quite similar to theUnity IntegratedDevelopment
Environment (IDE). In theDLL,we implemented a single class,whichwraps themethods
intended to be exposed toUnityC# scripts. Inside the header, it is necessary to define such
functions with the declspec(dllexport) attribute. Moreover, through the extern “C” label,
it is indicated to the compiler that the C linking conventions should be employed for such
function. This is necessary for a correct export, because, otherwise, C++ compilerswould
perform the mangling process, making them unreachable from Unity. The mangling is
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a technique used to distinguish functions that have the same name (overloading). The
technique manipulates the name during compilation, so that it becomes unique. But this
would make the final name unknown to the Unity developer. The C language, on the
other hand, does not support function overloading, thus does not perform the mangling.
Thus, the binary file generated by the compilation process contains the original method
names. However, since the C linking convention is adopted, it is necessary that the input
and output data types are those of the C, even if the body of the function is written in
C++.

According to the Edgine programming model presented in the previous section,
the class exposes two methods: Setup() and Action(). The first one will be used at
start-up, the second one will be employed inside the game engine’s update loop. For
the Unity implementation, we let that the service descriptive features (device, thing,
feature, username e password) can be specified by the Unity user as parameters of the
two exposed functions and are not hard-wired in the source code, which is the approach
employed in the edge/embedded environment. Intuitively, the user can specify the names
of the resources related to a correct delivery of measurements toMeasurify. The Action()
function, takes in input the name of the feature and the measurement value, which will
need to be delivered to the cloud.

The compiled Edgine project produces five dll files: NativeCppLibrary.dll, pcred.dll,
PocoFoundationd.dll, PocoNetd.dll, zlibd1.dll, of which the first one is the dynamic
library containing the two functions mentioned above. In order to use the plug-in inside
Unity, it is necessary to copy all these .dll files in the project directory.

As a proof of concept, we implemented a very simple application example of collec-
tion of data from a game scene and their delivery to the cloud. Particularly, we tracked
the collisions of a ball with the borders of a squared region (Fig. 1). Every time a colli-
sion is detected with the wall, a variable is incremented. When the number of collisions
becomes a multiple of 5, the value, added with the time stamp, is sent to the Measurify
APIs, from where it can be manipulated, also in real-time, by other applications and/or
user interfaces.

Fig. 1. Simple game scene in Unity3D
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This goal is achieved by following the standard steps of the workflow of an Edgine-
extended Measurify application. The first step consists in POSTing to Measurify (e.g.,
through a common collaboration platform for API development, such as Postman) the
names and, particularly for the Script resource, the contents of the resources needed
to configure the environment so that it will be able to receive measurements from our
application. In our case, the names are reported in the second column of Table 2. The
Measurify APIs will create the corresponding resources, that will be available at the
URLs in the third column, where the base url is http://students.atmosphere.tools/

Table 2. Measurify resources for the example application

Resource type Resource Resource URL

Thing Ball url/v1/things/ball

Feature Collision url/v1/features/collision

Device Unity url/v1/devices/Unity

Script Collisions-count-send url/v1/scripts/collisions-count-send

The next step concerns the development of the C# script that detects the collision
and exploits the Edgine plug-in to transmit the corresponding value to Measurify. As
anticipated, for the sake of flexibility, in the Unity implementation the Setup() and
Action() functions are parametric, thus we allow the Unity user to specify through the
Inspector module (Fig. 2) the values that will be passed to such functions.

Fig. 2. Variables set by the user inside the Unity Inspector

The Unity scripts are organized in a structure that strictly corresponds to the Edgine
programming model, with an initial Start() method, executed only once at the beginning
of the programme, and anUpdate()method, which is continuously called, at each frame’s
update. The mapping for an Edgine application in Unity is thus straightforward: the
Setup() method is called inside the Start(), while Action() inside Update(), (Fig. 3).

Start() accomplishes the task of initializing all the StringBuilder public variables
involved in the script. Once such user-defined parameters are collected, the plug-in’s
Setup() is executed, which performs the authentication in Measurify, getting the Json

http://students.atmosphere.tools/
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Fig. 3. Start and update methods in the Unity script

Web Token (JWT) that will be used in all the subsequent accesses to the cloud APIs. A
Queue<Thread> object is also initialized, that will be useful during the game loop. The
creation of a Thread object, in fact, is necessary when sending data to the cloud, in order
not to block the continuous game update cycle. The threads are inserted in a queue to
simplify their management, as they are created, executed once at a time and destroyed
in order, making use of the Enqueue(), Peek() and Dequeue() methods.

The Update() method first makes a check on the number of accumulated collisions
(a measurement is sent to the cloud only when a multiple of 5 is hit). Then, if the sending
condition is met, a thread is created, consisting of the Play() function calling the plugin’s
Action(), and added to the queue. Once created, a thread is ready to be executed as soon
as no other thread is still alive. In this way, the application is not overloaded with threads.
If some threads are still in the queue when the game is completed and quitted by the
player, the OnApplicationQuit() method launches the missing threads before the actual
end of the program execution. Finally, Fig. 4 shows an example of measurement received
by Measurify in JSON format.

Fig. 4. The measurement received from the Unity game at the Measurify’s end
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6 Conclusions and Future Work

This paper has proposed the use of a new data toolchain for serious games analytics.
The toolchain relies on the open source Measurify IoT framework for measurement
management, and particularly takes advantage of its edge computing extension (Edgine),
which can be seamlessly deployed cross-platform on embedded devices and PCs as
well. The Edgine is programmed to download from Measurify a set of scripts, that
are periodically executed so to get data from sensors, pre-process them and send the
extracted information to the Measurify APIs.

Thanks to its powerful abstractions, this model can be seamlessly employed also in
the virtual reality and gaming domain. Virtual sensors can be built in game engine scripts.
This paper has presented the implementation of the plug-in which deploys Edgine in
Unity 3D, allowing an easy delivery of virtual sensor information to Measurify. Just as
a proof of concept, we have presented the utilization of the whole chain within a trivial
game scene. We plan to employ and test the system with more complex serious game
analytics, and this opportunity is possible for every researcher and practitioner thanks
to the open source release of the whole Measurify framework [20].

There is another aspect beside the general applicability of the toolchain to any virtual
sensors. In fact, the same software engineering approach (and actual Edgine tool) could
be used also for measuring real world parameters, connected to the game. This oppor-
tunity is particularly relevant to augmented reality games and reality enhanced serious
games (e.g., [21–23]). Moreover, the same system can be used also the physiological
parameters of the player. To the best of our knowledge, no tool exists that is able to
process information from such heterogeneous sources as physical and virtual sensors.
For instance, the Edgine toolchain could be used to simultaneously get data about a game
session and a player’s physiological status.
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Abstract. The CANDU (CANada Deuterium Uranium) 6 nuclear reac-
tor core consists of 380 horizontal fuel channels that hold the fuel in the
reactor core and allow for the expansion of the fuel channel components.
Fuel channel assembly enables the heat transfer from the nuclear fuel
to heavy water coolant. Heavy water coolant under elevated pressure
(∼ 10 MPa), carries the heat generated from nuclear fission reaction to
heat exchangers located outside the reactor core to generate steam that
will turn the turbine to generate electricity. The fuel channel assembly
also allows the fueling machine to perform online refueling of nuclear fuel
and provide shielding protection to safeguard the nuclear workers while
providing structural integrity during the regular operation of the nuclear
reactor. The physical configuration and coolant flow path of the CANDU
fuel channel assembly is very complex, and teaching and training asso-
ciated with the fuel channel assembly employ pictures and computer
simulations. However, these traditional approaches lack the immersion
and interactivity that virtual reality can provide to realistically expose
learners in a safe and controlled manner otherwise difficult to achieve
in real life due to the dangers of radiation exposure. In this paper, we
present the development of virtual reality (VR) fuel assembly prototype
generated for teaching CANDU concepts. Our preliminary study focused
on understanding face validity and usability perceptions regarding the
virtual interactions. Preliminary feedback from content exports provided
us with valuable insights on improvements regarding usability, fidelity,
and gamification.
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1 Introduction

The CANDU (CANada Deuterium Uranium) 6 reactor core consists of hun-
dreds of horizontal fuel channels that hold the fuel in the core and allow for the
expansion of the fuel channel components. Each fuel channel assembly includes
a pressure tube containing a string of twelve fuel bundles, within a calandria
tube, with pressurized heavy water coolant flowing through it [1,2].

Throughout the reactor’s operational life, the components of the fuel assem-
bly, especially the pressure tubes experience high stress, high temperature, and
high neutron flux, resulting in changes to the tubes’ geometric and material prop-
erties, a phenomenon called sag deformation. The downward sag of the pressure
tube may lead to contact between the hot pressure tube and the relatively cold
calandria tube (Pressure Tube - Calandria Tube (PT-CT) contact), leading to
the pressure tube’s failure. The calandria tubes provide the structural rigidity to
the calandria vessel and insulate the coolant flowing through the pressure tube
from the lower temperature (less than 100 ◦C) of the moderator [3]. PT-CT
contact can force a reactor shutdown and result in losses of millions of dollars of
revenue [4,5].

Companies invest time and money into routine inspections to ensure PT-
CT contact does not occur [6,7]. The enormous cost associated with replacing a
failed fuel channel following PT-CT contact and the time and resources allocated
to inspections requires that nuclear engineers become knowledgeable about the
CANDU fuel channel for optimizing its operation.

Virtual reality (VR) has been gaining momentum as a disruptive technology
in several fields, including health care [8], education [9], and training amongst
others. More specifically, the nuclear industry has seen a growth in VR devel-
opments for improving safety and training workers at various levels. VR allows
recreating scenarios otherwise impossible in real life. That itself presents with
opportunities to explore decision making under extreme duress circumstances to
assess training outcomes, such as simulating cyber security attacks and visual-
izing the possible outcomes in a more immersive and meaningful manner [10].

In this paper, we present a CANDU VR assembly environment prototype
for teaching purposes. Our goal is to understand our system’s face validity and
usability perceptions when employing VR. We chose VR technology as it can help
to overcome the limitations of safety and physical constraints found if students
were to work with the real tubes, or workers were to work with used fuel channel
components since they are highly radioactive.

2 Background

Virtual Reality technologies are currently being used as a medium that provide
safe immersion for training and education in several industries including medi-
cal, automation, automotive, aviation, and nuclear amongst others. For exam-
ple, VR can help training and preparedness of safety culture [11], and due to its
affordability as a consumer-level technology [12], is being adopted for radiation
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Fig. 1. 3D CAD model of a CANDU 6 fuel channel end fitting area created using the
NX 12 CAD software [9].

training practices involving an accident, a leak, or when an emergency exposure
occurs [13]. Radiation visualization combined with VR allow increasing aware-
ness protection to avoid health-risks [14].

Furthermore, VR is helping to address training challenges by providing
unlimited access to complex virtual nuclear reactor systems and components,
including control rooms [15], estimated radiation dose for minimizing exposure
during maintenance [16], and safe construction [16]. In the classroom, VR can
be used to teach nuclear reactor operation, fission and fusion principles and crit-
icality accidents by presenting simulated power plants with immersive visuals
about the process [17], basic theoretical study, and professional skills training
[18].

Additionally, VR technologies are being coupled with serious games (i.e.,
games for learning purposes) and gamification (i.e., use of gameful design in non-
game context to create experiences similar to that of games to boost engagement
and motivation) are being used to enhance simulation and training by providing
engaging environments providing novelty and motivating experiences [19]. The
addition of game design includes the employment of dynamic elements (e.g.,
constraints, narrative, and progression), mechanics (e.g., rules, challenge, feed-
back, resource management, rewards) and game components (e.g., achievements,
badges, and points) [20].

3 CANDU Fuel Channel VR Development

The CANDU fuel channel VR environment development required the analy-
sis and characterization of the steps involved in understanding its operation to
transfer suitable interactions done in simulation software. A 3D CAD model of
one of the end-fittings of a CANDU 6 fuel channel assembly built using NX 12
computer assisted design (CAD) software is shown in Fig. 1.

The simulated velocity vectors plots of the heavy water flowing through
this section are shown in Fig. 2. The vectors are coloured accordingly to the
static pressure of the same section. NX 12 allows users to rotate, zoom, and
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Fig. 2. Simulated velocity vector plots colored by Static Pressure (MPa) of CANDU
6 fuel channel end-fitting area generated using NX 12 simulation software [21]. (Color
figure online)

pan the camera position to navigate the virtual tube and the numerical simula-
tion results. However, the simulation is observed through regular 2D screens and
it does not convey an immersive experience where students can visualize and
explore the tube as if they had access to the real system with overlaid simulated
data in Lagrangian and Eulerian frames of reference.

Building on top of the curriculum for Nuclear Engineering undergraduate
students at Ontario Tech University, our design process focused on mapping
the instructions provided by video and lectures into a narrative where users
interact with the CANDU fuel channel and, in the end, take a quiz. For the
VR development, we chose the Oculus Quest head-mounted display (HMD) as
it provided a stand-alone experience that could help reduce VR’s entry barrier
associated with costs. Additionally, the Oculus Quest tracks the environment
and the user through inside-out sensors supporting seated, standing, and room-
scale interactions. The Oculus Quest Headset offers six degrees of freedom (DOF)
tracking on the HMD and controllers through four wide-angle cameras located
on each corner of the headset. Furthermore, the device can track hand and finger
movement within the cameras field of view.

3.1 Graphical User Interfaces (GUI)

Our proposed simulation presents all interactions occurring in a large room where
students are greeted with a big screen on the front wall, showing all the menu
items and instructions. User interactions occur through the GUI by accessing
menu buttons that branch into different VR experiences. For example, students
can decide whether they prefer to start with the fuel channel interactions, visit a
collection of information, know about the development team, or exit the applica-
tion. The students can access the GUI buttons by employing the Oculus Quest
controller or their hands projecting a ray cast that can be used to aim at the
desired interactive trigger. After the student selects the Start, they will go to a
Ready screen asking for confirmation to continue with the experience. Alterna-
tively, the students can return to the Main Menu by selecting the Back button.



CANDU Fuel Channel Virtual Reality Assembly 95

Fig. 3. Fuel Bundle assembly employing hand tracking in VR. (Color figure online)

3.2 Virtual Environment

In addition to the screens presenting the fuel channel assembly related informa-
tion (as shown in Fig. 3), the environment also includes a bench for performing
the assembly tasks and a real life-size CANDU 6 reactor face 3D model from
which the fuel channel parts were obtained. Figure 4 displays the 3D model of
the reactor. The assembly process presents the users with the choice of perform-
ing the task with the VR controller or hand tracking. These two methods were
chosen as they both present intuitive forms of interaction that allow reaching,
grasping, and positioning elements within the workspace. The assembly process
requires the users to identify the components and assembly them in the follow-
ing order: i) the fuel pellet, ii) the end plate, and iii) the fuel pencil. When the
simulation starts, the reactor face and the end fitting of the fuel assembly of
a CANDU 6 reactor appear on the top of the bench. The students can select
the part displayed on the screen, and a virtual representation appears in front
of them. Once the part is enabled for visualization, the students can grab it
and manipulate it employing the Oculus Quest’s grip button, or by grabbing
the object performing a cylindrical grasp captured through hand tracking Fig. 3.
Tube interactions trigger pop-up information used for evaluation purposes of
measuring attention after the interaction.

Labels were added to all parts of the fuel channel assembly to help the stu-
dents identify individual parts and components. The labels are only shown when
in the proximity of the controller, or when secured and facing the HMD, then
fade away when the item is released. Figure 4b shows labels on the visualized
parts when grabbed and in the proximity of the user input device.

3.3 Assessment

Once the calandria tube has been examined, users can take the test, or go back
to review previous information. If the test is selected, the first task requires the
students to build the Fuel Bundle by assembling it correctly. After completing
the assembly, the second part presents ten multiple-choice questions with four
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(a) Model of Nuclear Reactor face. (b) Fuel bundle part selection in VR.

Fig. 4. Elements in virtual scene.

answers to choose from. It is important to highlight that we have chosen to
present the quiz within VR to avoid breaking immersion and presence [22].

After reading the question, the answer is chosen by selecting the correspond-
ing colored button associated with the answer displayed on the virtual screen.
A thirty-seconds timer starts and it is displayed on screen to answer a question;
after the timer ends, the system shows the right answer and a button leading to
the next question (Fig. 5). Time constraints were added to the questionnaire as
a resource to improve student engagement and promote rapid thinking that may
be necessary for emergencies. The choice to display the correct answer after the
timer runs out aims to provide immediate feedback for the students to consider
without requiring them to go through the entire assembly process. The score
of each question will be based on the correctness and response speed. Wrong
answers will result in a zero; if correct, the score is modified so that instructors
can identify areas of difficulty. After completing all the ten questions, a panel
displays the final score factoring the time taken to answer and its correctness.
Finally, we decided to leave the questionnaire within the VR environment to
avoid breaking immersion and facilitate reviewing materials after the quiz is
completed.

4 Preliminary Assessment

A preliminary assessment was conducted to understand the usefulness and
usability perception of the prototype as a potential complementary teaching
tool. The assessment was conducted in two parts. First, we focused on gathered
opinions for face validity from A content expert, a laboratory technician, and
a fourth-year undergraduate student from a Nuclear Engineering program vol-
unteered to watch a live remote demonstration of the VR tool providing them
with a first-person view of the process. This approach was necessary due to the
physical distancing restrictions in place to prevent the spread of COVID-19.
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(a) User interacting with a menu. (b) Answer selection
through colored push
buttons.

Fig. 5. User interactions with the menu and questions employing the Oculus Quest
controllers.

The content expert and the student expressed not having prior immersive VR
experience, while the laboratory technician did.

The live demonstration was conducted on Mozilla Hubs, a browser-based
virtual collaborative platform, where the participants experience a live demon-
stration of the prototype. The demonstration included assembling the calandria
tube and then they were asked open questions about perceived challenges and
suggestions for in-class use.

Four participants comprised of two graduate students, a fourth-year nuclear
engineering student, and a Game Development Professor volunteered to try on
the project inside the Oculus Quest. The reason for this diverse pool of partici-
pants was to gather usability opinions from different points of view. After using
the VR environment, the participants were asked to provide their usability per-
ceptions through the System Usability Scale [23].

The System Usability Scale (SUS) consists of ten questions that are answered
on a scale of one to five. The usability score is calculated by subtracting one mark
from every odd question while subtracting five from every even question. Once
completed, the addition of all the results is multiplied by 2.5, which provides
the system’s usability score. Typically, a score above 68/100 means the system
is usable, and little to no changes are required to make the system more usable.
However, if their score is below 68/100, the system requires significant changes
[24]. Table 1 presents the SUS questions, where usable results will see odd ques-
tions obtaining responses oriented to ‘Agree’ and ‘Strongly Agree,’ whereas even
questions should see a trend towards ‘Disagree’ and ‘Strongly Disagree.’

The preliminary overall SUS score was 69/100, indicating that there are
improvements to be made.
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Table 1. System usability scale questions [23].

Question System usability scale questionnaire

Q1 I think that I would like to use this system frequently

Q2 I found the system unnecessarily complex

Q3 I thought the system was easy to use

Q4 I think that I would need the support of a technical person to be able to
use this system

Q5 I found the various functions in this system were well integrated

Q6 I thought there was too much inconsistency in this system

Q7 I imagine that most people would learn how to use this system quickly

Q8 I found the system very cumbersome to use

Q9 I felt very confident using the system

Q10 I needed to learn a lot of things before I could get going with the system

5 Discussion

The participants who attended the video recording demonstrations liked the tool
and expressed their interest in using it as a complement to their traditional teach-
ing materials. However, two participants, the student and the content expert did
not feel confident using the tool since this was the first-time using Mozilla hubs
for a remote VR experience. The combination of controller and hand-tracking
input caused interest, but live testing is needed to understand the efficacy of
both system when performing the tasks.

Regarding the preliminary usability perceptions, the system requires
improvements associated with the technical assistance. While the system was
found easy to use, there were problems with hand tracking and physical inter-
actions with the fuel pellet. On one occasion, the participant dropped the pellet
and the simulation had to be restarted as it disappeared from the scene. We
believe that while hand tracking is appealing, VR controllers are more effective
because of the higher tracking accuracy and decisive actions performed by using
the buttons. In contrast, hand tracking required several tries, proper lighting
conditions and moving back and forth to get the hands and interactions prop-
erly detected.

Overall, the feedback associated with challenges and suggestions about the
experience, provided us with the following considerations: i) Level of fidelity of
the fuel channel assembly: The content expert highlighted that there were some
important pieces of the fuel bundle missing that students often have difficulty
understanding, ii) Accessibility features: Make the prototype available to all stu-
dents, iii) Ease of use: The student found the concept simple to follow and under-
stand the fuel channel parts, while expressing concerns with the controllers and
the need for more practice to perform virtual tasks better, iv) Gamification: The
content expert highlighted the importance of considering other forms of input to
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award scores that require students to provide argumentative responses in addi-
tion to multiple choice questions, and v) Natural user interactions: Including
speech to text can facilitate interactions with some GUI elements as an alterna-
tive to controller/hand tracking inputs.

6 Conclusions

Here we have presented the development of a CANDU 6 fuel channel VR pro-
totype for potential teaching purposes. Employing VR offers the opportunity
to bring nuclear reactor systems closer to the students as they can explore,
interact, and navigate the environment in a safe and controlled manner with
meaningful interactions. Our preliminary assessment indicates there is interest
in such tool for complementing traditional teaching of CANDU-related materi-
als. The fidelity, content, user interactions, and gamification require further work
to understand their impacts on learning. The current VR prototype allowed us to
gather preliminary information to assess both face validity and usability, along
with identified and perceived challenges to meet the expectations in future devel-
opment.

Future work will focus on increasing fidelity, narrative, gamification improve-
ments, testing with more content experts, and students to compare how the fuel
channel assembly VR approach helps learning when compared to traditional
methods. Moreover, we will add emergency conditions to study the effects of
stress on decision making when working with radioactive reactor components by
adding non-invasive physiological measures as interactive metrics. Furthermore,
we will study the effects on retention and in VR and outside VR assessment with
a larger pool of participants.
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Abstract. Like many researchers, we think that the use of dynamic difficulty
adjustment (DDA) to offer an appropriate balance between the skills of the player
and the difficulty of the gameplay is an appropriate avenue to maintain the flow
of a user. We analyze this approach in a virtual reality serious game dedicated to
people suffering from post-traumatic stress disorder (PTSD). Knowing that heart
rate is a good indicator of the emotional state of people with PTSD, we collect this
variable in real-time to propose a virtual reality dynamic adjusted system based
on the emotional state of the subject. The proposed adaptation system can be
approached in threemodes: the offlinemodewhich consists on therapist selections
before launching the game, themanual onlinemode duringwhich the therapist can
adapt the virtual environment while the subject is exposed, and the computational
online mode that runs a DDA algorithm to automatically adjust the game.

Keywords: Serious game · Adaptivity · Virtual reality · PTSD · Heart rate ·
Physiological feedback

1 Introduction

One of the main advantages of serious games (SG) is that they offer a suitable environ-
ment for learning [1]. Like many other researchers, we see SG as a medium of active
learning based on problem-solving withmultiple interactions. In this view, we are partic-
ularly interested in the fact that SG players have in-game objectives whose achievement
involves solving one or more challenges in some specific contexts. Hence, it appears that
the more adapted the situation is to the player’s profile, the more efficient they may be in
the game. This approach can be found in the dynamic difficulty adjustment (DDA). To
maintain an appropriate balance between the skills of the player and the difficulty level
of the gameplay, some SGs offer static difficulty levels that the player can select before
entering the gameplay. However, this may not be meaningful enough for the players
because they may not know exactly what level of challenge to expect when selecting
a difficulty level. To address that issue, many studies have looked at the possibility of
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adapting the challenges of the game according to the personal characteristics of each
player [2–4]. While several techniques have focused on the players’ performances in
the game, others have studied the players’ emotional analysis, for example by tracking
their face in real time to adjust the game’s scenario according to their attention [5]. This
approach could be particularly interestingwhen it comes to SGwith therapeutic vocation
because the profiles of end users are very varied on the cognitive and psycho-affective
levels alike. In this paper, we propose the contribution of the DDA for a virtual reality SG
that uses prolonged exposure therapy [6] to treat people suffering from post-traumatic
stress disorder (PTSD).

The adjustment modes that are commonly seen in virtual reality exposure therapy
(VRET) systems for the treatment of PTSD are essentially manual, meaning that the
therapist adjusts the virtual environment (VE) through a menu that lists the different
possible scenarios and situations of the virtual world [7]. In this work, in addition to
manual adjustment modes, the proposed DDA system includes a computational online
mode through an algorithm that provides a treatment tool capable of adapting itself
automatically and in real-time according to the patient’s emotional state. This algorithm
collects the patients’ heart rate (HR) online in order to offer them a therapy situation
corresponding to their current level of stress. We integrated our algorithm into a truck
driving simulator developed for VRET for truckers suffering from PTSD following an
accident. Such a way of understanding therapy can give the opportunity to analyse the
level of immersion and presence of the patients in the VE and allow them to self-regulate
their physiological reactions by perceiving their self-efficacy while interacting with the
VE. We start the paper by analysing some works that come close to our subject. This
allows us to understand how DDA can be applied in a therapeutic context. Thereafter
we present the DDA system with the algorithm for the online computational adjustment
that we propose for a self-adaptive therapy system.

2 Related Works

In this review, we analyse how subjects’ physiological feedback are exploited in DDA
systems and we discuss how heart rate (HR) is exploited in PTSD treatment.

Liu et al. proposed a DDA approach based on the users’ emotional feedback to
offer a level of difficulty adapted to the level of anxiety while playing the game [8].
They exploited a regression tree technique to determine the emotional state of the player
based on a set of physiological characteristics. Their DDA algorithm used three difficulty
levels and three anxiety levels. During the game, they inversely matched the difficulty
level to the anxiety level of the player. Hence, the difficulty level of a game was easy
when the player was anxious, and vice versa. To compare this affect-based DDA system
with a performance-based DDA system, the authors integrated this algorithm into the
game Pong. They observed a high precision in real time of the affect-based DDA system.
They also underlined an improvement in the performances of participants, a better in-
game challenge, an increased player satisfaction, and a reduced level of perceived anxiety
amongmany of the participants during game sessions using the affect-basedDDAmodel,
compared to those with a performance-based DDA model. Their study highlighted the
benefits of using emotional feedback to adjust the difficulty of a game.
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Van Rooij et al. proposed a VR biofeedback breathing game named DEEP [9]. It is
a self-adaptive relaxation SG that immerses players in a fantastic underwater world that
they can explore while moving freely. In their game, the respiratory rates of players are
measured to adapt several aspects of the game accordingly. One aspect of adaptation
is at the level of the monitoring of players’ breathing using a circle whose diameter
varies according to their breathing. In addition, the movement of the player in the game
is easier or more difficult depending on whether their breathing rate is slow or fast.
Following a seven-minute experience of immersion by 86 children aged between eight
and twelve, the authors point out a significant decrease in the general anxiety state of the
subjects, whose levels of relaxation, satisfaction, boredom, or pressure were evaluated.
This finding of reduced anxiety suggests that the DEEP systemmay be valid for limiting
the anxiety levels of children.

In a digital game-based emergency personnel training, Ninaus et al. evaluated the
feasibility of a heart rate-based DDA system in which players had to learn to manage
three critical emergency scenarios (Traffic Accident, Buildings Fire and Train crash)
[10]. Each scenario had three difficulty levels (easy,medium, and hard).Authors assessed
participants’ preferences for the non-adaptive and adaptive versions of the game. In the
non-adaptive version, participants had to play the game scenarios normally in the time
allotted. In the adaptive version, the game scenarios were adjusted so that the game
became more difficult if the player’s heart rate dropped below a certain predefined
threshold—and easier if the heart rate exceeded this threshold. Their study revealed
that gamers found the adaptive version of the game to be more exciting, fascinating,
challenging and engaging. These results, therefore, show that heart rate can be a good
physiological parameter that can be used to optimise DDA systems in a game-based
learning.

As in the studies reviewed above, it is possible to consider parameters other than the
user’s performance in the game. One could be interested in the subject’s affects through
more objective measures such as HR or respiratory rate. When it comes to PTSD, HR
has been shown to be an objective indicator of the patient’s stress level in the presence
of trauma cues. First, it is a good indicator for the risk of developing PTSD following a
traumatic situation [11]. Second, the values of the patients’ HR retrieved at regular time
intervals during treatment can be used to assess the evolution of their emotional state
[12]. In this case, a positive outcome of the treatment may be in the attenuation of the
subject’s HRwhen facing anxiety-provoking stimuli. This attenuation would correspond
to a decrease in the response to these stimuli as expected when using prolonged exposure
therapy [6, 12]. Therefore, in the current proposition, we are interested in the emotional
state of the patient, measured by means of the HR, to offer an adaptative VRET system
for treating PTSD.

3 Truck Driving Simulator Integrating a DDA System

In a previous work, we proposed a new approach named Action-Centered Exposure
Therapy (ACET) in the use of virtual reality for the treatment of people suffering from
PTSD [13]. This approach promotes active learning of safer and healthier coping strate-
gies combined with systematic exposure to reduce the psychological distress associated
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with PTSD. In the ACET approach, the gamification relies on three main phases. The
first is dedicated to the trivialization of the stimuli associated to the trauma, the goal
being to denature the environment to allow the patient to appropriate it. By doing so, this
stage allows the patient to experiment with the actions on which the therapy is centred.
The second stage brings the patient into a realistic universe. In this potentially anxiety-
provoking environment, it is expected that the patient will cling to the action as his centre
of interest and thus eventually be able to make other non-problematic associations with
these stimuli. In the last stage, there is an indirect exposure to the anxiety-provoking
stimuli. The overall goal is to define a framework that will be able to detect which
situations appear to be appropriate to the player’s mental state.

As a continuation of that work, herewe present a truck driving simulator integrating a
DDAsystem.Our dynamic adjustments aremadeon scenarios and environments. Indeed,
scenarios and environments could be adjusted according to the user’s learning curve [14].
The environments allow for the definition of a global context for the development of the
gameplay and the scenarios define the flow of events in the environment.

3.1 Devices

The truck driving simulator was developed using the Unity 3D game engine (www.unity.
com) and was installed on a Windows operating system. The simulator can be visually
operated using theOculus Rift headset [15]. As control device, we have the LogitechG27
(https://www.logitechg.com)which is a system consisting of an electronic steeringwheel
with pedals and a gear lever. The set consists of different buttons towhichwe could attach
computational functionality for interacting with the VE. To retrieve the subject’s HR in
real time, we use theHexoskin (www.hexoskin.com), which is a sleeveless garment fitted
to the body that measures different physiological data (including HR, HR variability,
respiration rate) more precisely than commercial heart rate monitors that synchronise
an abdominal belt with a wristwatch (Fig. 1).

Fig. 1. Devices used

3.2 Main Mechanics

In this simulator, apart from visual exploration using the headset, we have a total of three
main mechanics linked to the Logitech G27: moving mechanics, selection mechanics
and driving mechanics.

http://www.unity.com
https://www.logitechg.com
http://www.hexoskin.com
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3.3 Virtual Environment and Scenarios

In addition to the fairy environment (in which the subject drive a flying carpet) described
in our previous studies [13, 16], this simulator consists of two virtual open driving
environments: ‘city and countryside’ and ‘road by the lake’ (see Fig. 2). Several scenarios
can arise from these environments by changing the weather, the time of the day, and
contents (traffic and accident).

Fig. 2. Virtual open driving environments

The ‘city and countryside’ environment offers several possible scenarios related to
the season (summer or winter), including snowfall in winter (no snow, light wind, heavy
snowstorm, etc.), the weather in summer (rain or no rain), the time of day (dawn, dusk,
night, day, etc.) and the type of day (sunny or overcast). In addition, traffic lights and
road traffic in this world are managed by artificial intelligence. This environment could
also include accidents at different points (see Fig. 3 for scenario and accident examples).
The ‘road by the lake’ environment offers just one scenario. This scenario consists of
driving on a road by the lake, in summer, during daytime and without rain. The process
in each of these environments takes place in two phases: a parking phase in which the
user chooses a truck to drive using moving and selection mechanics, and a truck-driving
phase in which the user effectively drives the chosen truck using driving mechanics.

Fig. 3. Examples of a scenario and an accident
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3.4 Dynamic Difficulty Adjustment Module

In our system, we have developed a module that is responsible for linking the simulator
and the Hexoskin to collect the user’s HR in real time. The simulator can be adapted
in three ways: offline adaptation, manual online adaptation, and computational online
adaptation. For both offline andmanual online adaptation, the systemoffers the therapists
an easy-to-use menu (see Fig. 4) fromwhich they can select environments, and scenarios
with eventually some accidents, according to the patient’s characteristics. For offline
adaptation, selections aremade immediately after the simulator is launched. Thus, in this
adjustment mode, in addition to the patients’ HR, therapists may use the data they have
about their patients’ background and their evolution in the previous sessions to choose
which environment and scenario will be most appropriate for the current session. In the
manual online mode, therapists have the possibility to manually change the environment
or scenario according to their observations of the patient’s state while the latter is being
exposed. For the computational online mode, the system uses a DDA algorithm that
automatically change the environment or scenarios according to the emotional state of
the patients, as evaluated by their HR. Thus, patients’ HR is collected in real-time and
transmitted to the simulator using a dedicated plugin. The algorithm therefore uses HR
and the current situation of the VE to adjust scenarios and/or the VE.

Fig. 4. Easy-to-use menu for the therapist. The left section presents the different situations that
the therapist can select by checking the corresponding checkbox. The right section is a window
that is only activated when the therapist clicks on the ‘add accident’ button (orange button) in the
left section. It shows the map in the top view of the ‘city and countryside’ environment, with the
checkboxes (in orange) for the various accident positions. By default, accidents are deactivated
in this environment. If the therapist checks an accident position on this map, the corresponding
accident will be activated in the 3D environment after validation. (Color figure online)
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In the following section, we detail how the computational online mode is imple-
mented.

Categorisation of Anxiety Levels
The goal of prolonged exposure therapy is for the patient to be able to reach a relatively
normal HR in situations which could elicit high anxiety [12, 17, 18].

Thus, we begin by defining the different possible scenarios to be integrated into the
simulator and classifying them by ‘anxiety level’. We did this based on the study [19],
presenting statistics on traffic accidents. Indeed, apart from accidents caused by internal
conditions specific to the driver, as much as 21% of road accidents in the United States
have causes associated with bad weather conditions. Almost 71% in this category are
related to rain and 26% to snow, depending on the ampleness. Poor weather conditions
can affect driver visibility, traffic speed, travel time, laneobstruction, andvehicle stability.
This statistical information allowed us to define three main anxiety levels from 1 (can
evoke low anxiety in the subject) to 3 (can evoke high anxiety in the subject). Each
anxiety level is associated to a VE and/or a scenario.

• Scenarios of anxiety level 1:

– The ‘road by the lake’ environment
– The ‘city and countryside environment, in winter or summer, without snowfall and
without rain, during dawn, dusk, day or night

– The ‘city and countryside environment, with light snow, during the day

• Scenarios of anxiety level 2:

– The ‘city and countryside’ environment, with light snow, during dawn, dusk, or at
night

– The ‘city and countryside’ environment, with rain, during the day

• Scenarios of anxiety level 3:

– The ‘city and countryside’ environment, during winter, with heavy thunderstorm
or snowstorm, during dawn, dusk, day, or night

– The ‘city and countryside’ environment with rain during dawn, dusk, or night

The system is made to allow the addition of new anxiety-provoking stimuli in the
‘city and countryside’ environment, such as accidents. The presence of one or more
accidents in the scenario will increase the anxiety level of the current scenario by 1,
regardless of the number of accidents selected by the therapist on the map in Fig. 4.
Indeed, having several accident positions makes it possible to increase the chances that
the patient will encounter at least one of them on their way.

DDA Algorithm
The DDA algorithm operates in two main stages: the first consists in evaluating the
emotional state of the patient according to their HR and the second consists in using this
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information to adapt the VE to the current state of the patient. To do so, the algorithm
takes as parameters the patient’s current HR and an integer representing their anxiety
level. The algorithm runs until the patient reaches a situation where they maintain a
relatively normal HR while a scenario of maximum ‘anxiety level’ is presented. In each
session, their resting HR is collected before the exposure.

The variables used by this algorithm are as follows:

• A: Unsigned integer used to store the anxiety level of the current situation in the VE.
The initial value of A is set according to the parameters selected by the therapist at
the beginning of the session. For example, if at the beginning the therapist selects the
‘road by the lake environment’, A is set to 1.

• maxA: Unsigned integer used to store the anxiety level of the most anxiety-provoking
situation for the patient among the main scenarios defined.

• m: Unsigned integer equivalent to the number of additional anxiety-provoking events
added to the predefined situations. For example, this parameter can have a value of 1
if the therapist adds an accident to the selected initial scenario.

• time: Unsigned integer used to store the time the subject must spend in a situation
trying to regulate their physiological response. In accordance with previous studies
that evaluate patient HR during exposure therapy [12], we have fixed the value of
time to 5 min here.

• HR: Unsigned integer used to store the patient’s currentHR transmitted to the simulator
by the Hexoskin.

• normalHR: Unsigned integer used to store the HR of the patient collected at the
baseline. This variable constitutes the patient’s normal HR for the current session and
may vary from one session to another.

• r: Unsigned integer allowing flexibility in the value of the patient’s normal HR. r
can either take a value of 40 bpm, because the normal HR of an adult at rest varies
between 60 and 100 bpm [20]; or it can be defined by the therapist at the start of
exposure depending on the evolution of the patient’s HR in previous sessions.

The body of our DDA algorithm is as follows:
do
{ 
if (HR>normalHR+r)

 { 
A = A-1;

} 
else
{ 

A = A+1;
} 
Load (a situation with anxiety level A);
wait (time);

} 
while (A>=maxA+m and HR<=normalHR+r);
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By running this algorithm, a recovery after treatment would mathematically corre-
spond to A = maxA and HR <= normalHR + r. Although this algorithm offers a
self-adaptive simulator for VRET, the therapist’s presence remains crucial during treat-
ment. Thus, in parallel with the computational system, the simulator offers the therapist
the possibility of ensuring that adequate changes are made in response to the patient’s
HR, according to the communication with the latter and vis-à-vis the observations made.
We have also given the therapist the possibility of activating or deactivating the com-
putational online DDA system. Therefore, an example of a practical case would be that
where A = 3 and HR> normalHR + r; while the DDA algorithm is running, the
therapist may decide to interrupt it and switch from a situation of A = 3 to a situation
of A = 1 in order to quickly stabilise the patient’s HR — just as the therapist can also
decide to keep the patients at A = 3 for longer than time to help them learn strategies
for self-regulation of their physiological responses. The role of the therapist will also be
to decide when or whether to stop exposure depending on the patient’s condition.

4 Conclusion

The use of VRET for the PTSD treatment is an area of vigorous ongoing research; the
aim is to find approaches that would facilitate the exploitation of VR and produce even
more appreciable results. The evaluation of treatment efficacy in this area is generally
made either by subjective measurements or by observing the patient’s HR at regular
intervals. In this work, we proposed the integration into a VR truck driving simulator of
aDDA system that can be executed according to threemodes: (1) the offlinemode, which
consists in configuring the system according to the characteristics of the patient before
the launch of the simulator; (2) the manual online mode, which consists of the therapist
modifying the scenarios during the exposure; and (3) the computational online mode,
which uses an algorithm to dynamically adjust the scenario according to the current state
of the patient. In the latter mode, the patient’s HR is collected in real time usingHexoskin
and included directly into the system using a module developed for this purpose. The
HR variable is then used to dynamically adjust the system during the exposure sessions
so that at each stage of therapy, subjects can have a better experience through scenarios
adapted to their current emotional state. In the future, we will evaluate the effectiveness
of our proposed system with subjects suffering from PTSD. We have already received
ethics approval from our university to conduct this research with truckers whose PTSD
is linked to road accidents. This will be done with patients in residence at “La Futaie
therapy center”, with which we collaborate. Thereafter, several other experiments will
have to be conducted to validate such a system for VRET.
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Abstract. In our study, we provide a state of the art onMixed Reality (MR) learn-
ing tools for teaching math in primary and secondary school. Through a detailed
analysis of eight representative applications, we provide an overview of the MR
applications currently used, their educational objectives, the augmentations and
interactions they offer, the technologies they use, their advantages and their limi-
tations. We conclude by identifying several remaining challenges that need to be
addressed in order to benefit from the full educational potential ofMR for teaching
math in schools.

Keywords: Learning · Augmented reality ·Mixed reality ·Math · Serious game

1 Mixed Reality to Help Children Learn

Teaching methods have evolved a lot in the recent decades. The use of digital tools
has become widespread because they are essential in modern professional and non-
professional life, but also because they have many educational benefits. Among these
digital innovations, we will focus on Mixed Reality (MR).

As defined by Drascic and Milgram [1], “MR refers to the incorporation of virtual
computer graphics objects into a real three-dimensional scene, or alternatively the inclu-
sion of real world elements into a virtual environment. The former case is generally
referred to as Augmented Reality (AR), and the latter as Augmented Virtuality.” The
augmentations are displayed on a screen, in glasses or directly on real objects using a
video projector. It is possible to interact with these augmentations.

The educational potential ofMRcomes from several factors. First, themanipulation
of real objects has an impact on embodied cognition and would allow to significantly
reduce mental load [2]. Object manipulation also motivates learners and encourages
them to carry out their activities [3]. In addition, Chandler and Tricot’s study [4] demon-
strates the positive impact of physical activity that accompanies this object manipu-
lation, especially for young children. Physical movement seems to be especially rele-
vant for mathematical cognition. It is through the explanation of mathematical concepts
that one can notice different types of gestures (pointing, representation and metaphor-
ical gestures) which make it possible to externalize information and improve memory
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management [5]. Finally, MR makes it possible to create multimodal (visuo-haptic)
activities, which have a superior pedagogical potential over unimodal (visual) activities
for children [6]. MR allows, for example, displaying different types of contextualized
information directly on physical objects (e.g. 3D animated model of the solar system,
organ names). MR can also give students more autonomy by displaying information
to guide them (e.g. contextual information or step-by-step guide on the actions to be
performed) or even validate the activities once they have been completed (e.g. validation
of the objects position).

Some studies also show that students using AR have better understanding of the
course and memorization, compared to those using only books [7]. In addition, MR
improves the involvement and engagement of learners in learning tasks [8] and is con-
firmed by Kun-Hung Cheng’s study of 267 middle school students [9]. However, these
previous studies also revealed some negative points. Some students think MR is respon-
sible for reducing imagination and obstructing their reading skills. In addition, the equip-
ment used can be expensive but also complicate the activities [10]. This equipment can
also be tedious to set up for teachers but also to use for students (e.g. wearing glasses
for a long time).

Despite the undeniable potential ofMR, its integration into schools therefore raises a
certain number of questions related to the type of activities and equipment that should be
used to maximize its educational potential without constraining teachers and students.
In the rest of this article, we focus on MR for math. As we will present, this is an area
which has a strong impact on other scientific fields and which could particularly benefit
from the advantages of MR.

1.1 Learning Math with Mixed Reality

At school, all subjects are important, but math represents the knowledge from which
most other sciences derive. According to the study of Watts et al. [11], the skills of
children aged four to five would predict their scientific skills in adolescence. Another
study [12] shows that succeeding in math generally implies future success in other
fields such as reading. In addition, many primary school students find science to be a
masculine, elitist and consider math as a difficult subject. Using a motivating medium
like MR, for learning mathematics, has a positive effect on the motivation of learners
[13] and could be a good solution to avoid blockage [14]. MR interactions are also
very well suited to convey notions of geometry and algebra by displaying virtual 3D
shapes or showing 2D information directly on 3D figures. MR applications for math
are numerous and varied by the interactions they offer (display of information, help,
validation), the targeted educational objectives (e.g. additions, fractions, 3D geometry),
but also by the equipment they require (e.g. tablets, projectors, markers, glasses). In this
article, we offer an analysis of existing MR applications, in order to understand their
different characteristics and their impact on learning.
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2 Analysis of Mixed Reality Applications for Math

To our knowledge, even though there are a considerable number of MR applications
for learning math, there is still no state of the art on this subject. We therefore pro-
pose to analyze a representative selection of these applications. We searched on Google
Scholar, which indexes the articles from the main publishers (Springer, IEEE, HAL
archives ouvertes, etc.) by combining the following keywords: (teaching or learning
and (augmented reality or mixed reality)) or (math or fraction or geometry), (learning
or teaching) and (object manipulation or physical movement) or (digital) or (preschool
or primary). This research allowed us to select about 30 scientific studies.

In this paper, we will only present eight out of these 30 studies. Given the rapid
technological evolution of the RM, we only chose recent studies, published after 2015,
and that offer a functional prototype. The eight applications presented bellow were also
selected because they come from different countries (Asian, European, American), teach
various fields of math, provide a variety of interactions and require different types of
equipment. The objective of this selection is to provide a good overview of existing
applications (Fig. 1).

Fig. 1. Eight representative Mixed Reality applications for math
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In the next section, we analyze these eight applications according to four points. First
we identify the context inwhich theywere created and their educational objectives. Then,
we identify the nature of the MR interactions they offer. Thistly, we list the necessary
equipment and the software used to develop the application. Finally, if the application
was tested, we present the advantages and limitations identified by the authors.

2.1 Magic Boosed

TheMagic Boosed [15] app comes from Indonesia. Its objective is to improve the spatial
perception of geometric shapes for children aged 7 to 12.

The students need to answer basic geometry questions (e.g.what is the surface of this
3D figure?). The application helps then by provides AR information (e.g. 3D objects,
height, formulas). These augmentations offer no interaction.

Students are equipped with a paper exercise textbook and a smartphone with the
application. The article does not provide information on the MR technology.

According to the authors, the experimentations lead with two teachers and eight
students showed that the application increases the motivation and interest of the students
and facilitates exchanges between them and the teacher.

2.2 Math Anxiety

Math anxiety is a Taiwanese study [16] to reduce anxiety related to learning maths.
Eight quizzes are scattered around the classroom to review topics such as fractions

and geometry. In addition to displaying 3D objects in AR, the application also triggers
videos when it recognizes real objects to help students answer the quizzes. These virtual
items are not interactive.

The quizzed are printed out on sheets of paper. The students use tablets this the app.
The application was developed with HP Reveal and Augment.

The experiment, carried outwith 137 students, showed thatAR app decreases anxiety
in math, increases attention, motivation, confidence and student satisfaction compared
to the mobile application without AR. The authors would like to add interactions and
virtual 3D objects and use more efficient tools than HP Reveal and Augment as they
could not customize the content and interactions according to their needs.

2.3 Virtual Object vs. Physical Object

This Turkish study compares the use of AR virtual objects and physical objects for
learning geometry [17]. The objective is to teach 5 to 6 year-old children how to recognize
geometric shapes, including 2D (eg triangle, square) and 3D (eg: sphere, cube).

Students have to classify cards with images of geometric shapes. They can use the
AR app to view the 3D version if the geometric shapes, change their size, position,
orientation and manipulate them. This app was developed with Augment.

The experimentation, lead with 72 children, showed that the application seemed
to have effectively supported the learning process, and created excitement. The authors
argue that it would be beneficial to add educational feedback to help children understand
the type of each object based on the choices they make.
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2.4 The Fraction Marathon

The Fraction marathon uses number lines to teach fractions (addition and subtractions)
to 11-year-olds Greek children [18].

The game scenario features several runners interrupted in their 2 km race due to
rain. The students must place the runners back where they stopped. Their position is
given as a fraction relative to the finish point (e.g. 2/3 of the finish), the position of other
runners or elements of the scene. If the students make a mistake, they lose points and are
prompted to click on the help button. This triggers a video with voice instructions that
guides them on how to handle the lines and solve the problem. Students can measure
the size between two objects by resize and moving the MR number line. They can also
update the fractional unit with a physical button. The MR also automatically validates
the position of the runners.

The game involves a miniature wooden stadium, a projector, a camera, a laptop, two
MakeyMakey boards (is an electronic invention kit that allows you to connect “everyday
objects” to the computer program without any technical knowledge). The technology
used to develop the game is not given in the article.

After a study lead with 28 students, the authors argue that the game immerses and
amuses the students. The feedback and help mechanisms were particularly effective for
empowering them. The authors also believe that it would be more effective to present
the game without mentioning fractions to reduce stress at the beginning of the game.
The authors also wish to enlarge the play space so that more children can play at the
same time and find a less expensive solution.

2.5 Ready to Learn Initiative

Ready to Learn initiative [19] aims to study the potential of AR for learning certain
mathematical themes (Geometry, Fraction, Counting, etc.) in the US. Among other
applications, they offer an AR application for introduce fractions to children aged 6 to
9.

Childrens place real objects on a number line and the application automatically
measures the position of the object and displays it as a fraction. Students can change the
denominator of the fraction, and the app automatically updates the numerator.

The app requires to print out a sheet of paper with markers and a tablet with the app.
It was developed with a web version of scratch 2.

Even if it was not tested by the students, three teachers were able to evaluate the
prototype and noted that the presence of interactions with 3D objects would be likely to
capture the attention of their students as well as a good potential pedagogic.

2.6 The Village

The village is a Greek project designed to teach fractions to elementary school children
aged 6 to 12 years old [20].

The game scenario features a child visiting his grandparents in their partially
destroyed village. Using two virtual characters, the player’s goal is to repair the infras-
tructure of the village (eg: the pipe, the bridge represented by legos), by measuring the
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damaged part (in red) with the number line. Players can adjust the size, numerator and
denominator of the MR digital line by manipulating screwdrivers and knobs. The game
automatically detects if the damaged part of the infrastructure is correctly measured.

The game consists of a Makey Makey board, a projector, a table and accessories.
The game was developed with MIT Scratch (block-based visual programming).

This game was not tested in an educational context. The authors’ perspectives are to
use mobile devices in order to simplify the game.

2.7 Robot Game

The Uruguayan robot game, aims to teach additions [21] to children aged 5 to 6.
The players must choose enough blocks (lengths from 1 to 5) to extend a robot’s arm

by placing physical blocks in front of the tablet so that it can reach a screw. The system
provides continuous real time feedback by extending the robot’s arm.

To be able to use the game, children need a tablet, a tablet holder, as well as a mirror
and a wooden block set. The game was developed with the open source platform CETA,
OpenCV, libgdx and TopCode libraries.

After testing the game with 19 students, the authors argue that it provides cognitive
offload, increases commitment and joy and empowers students through the feedback
system. Their perspectives are to use a markerless technology, improve the feedback by
making it fluid and add animations and advice from the robot.

2.8 MaR-T

This Turkish study aims to help children aged 3 to 5 understand non-symbolic numbers
and compare values [22].

The children must help Momo, a fictional character, to get home by placing objects
in the designated locations to allow Momo to cross obstacles (e.g. river, ditch). Momo
then asks them to point to the side where there are the most objects or to put their hand
in the middle if there are as many on both sides. If the children give the correct answer
they are congratulated, otherwise Momo asks questions such as “Why do you think this
side has more than the other?”.

This game requires a camera and a projector and was been developed with OpenCV,
Royale SDK, IR image, Lottie and Bodymovin libraries.

After testing the game with ten children, the authors argue that the interactions with
Momo helps children keep focused. The feedback and reward systems also seemed to
help the children complete the activities.

3 Global Analysis

3.1 Variety of Educational Objectives

The examples analyzed above show that MR can be used for learning math at all levels.
For example,MRcan be used for learning thebasics ofmath such as theRobotGame and
MaR-T. There are many otherMR applications that teach additions and subtractions. For
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example, theCountingWith PaulaAR app [7] or theARFlashcards Addition application
[23]. The effectiveness of MR for teaching the basics of math appears to be due to its
capacity to immerse students in a fun environment and arouse their curiosity [3] which
leads to a better understanding and motivation [24].

AR is also well adapted to teach geometry, such as Magic Boosed, Math anxiety
and Virtual object vs Physical object. There are many MR applications for this topic,
certainly due to the fact MR technology improves spatial intuition of students, which is
an effective way to learn geometry [25].

Finally, AR seems particularly effective for teaching fractions, which often dis-
courage students and push them to dislike math. The use of MR, such as The Fraction
Marathon, Ready To Learn Initiative or The Village, can transform this complex and
unpopular matter into a fun and captivating experience.

3.2 Analysis of Mixed Reality Interactions

The applications analyzed above present two types of MR interactions. The first group
offers very light or non-existent AR interactions, such as Ready To Learn Initiative,
Virtual Object vs Physical Object and Magic Boosed. These applications only use AR
to display virtual information on real objects. At best, the students can manipulate, turn
and change the size of the virtual augmentations. These applications have the advantage
of being easy to set up since they only require a tablet or smartphone and printed out
markers on paper or cardboard.

The second group of applications offer richMR interactions, inwhichwefindMaR-
T, The Village, The Fraction Marathon, Robot Game andMath anxiety. In addition to the
AR augmentations, the manipulation and the position of the real objects have an impact
on the applications. InMaR-T for example, it is the position of the cubes that triggers the
next level in the game. Some of these applications also offer personalized feedback and
help. Such rich interactions have undeniable advantages for different areas of learning.
For example, studies in the medical field show that the presence of feedback contributes
to the development of psycho-motor and cognitive skills [26]. Another study [27] shows
that students appreciate this type of rich interaction, and in particular the feedback,
which promotes self-regulated learning, at their own pace. However, the applications
mentioned above all require specific equipment such as projectors, 3D objects, as well
as space, thus making their use in a school complicated.

3.3 Analysis of Mixed Reality Hardware and Software

The most common hardware to support MR applications are Smartphone and tablets.
This is for example the case of Ready To Learn Initiative, Virtual Object vs Physical
Object and Magic Boosed. According to a study in Switzerland, on more than 1,000
students, 78% from age 6 to 13 use mobile phones regularly and 3/4 of students aged
12 to 13 already owned one [28]. The figures for tablets are similar. The fact that the
majority of children are already familiar with this equipment is an important advantage
to using them in class. On the other hand, tablets or smartphones do not allow having
both hands free to handle objects. In addition, some devices do not support advanced
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technologies such as Vuforia’s Ground Plane technology, which allows placing digital
content on a table [29].

The other hardware used for the MR is projectors and cameras. This is for exam-
ple the case of The Village, The Fraction Marathon and Math anxiety. They have the
advantage of being moderately expensive and users have their hands free to manipulate
objects. In addition, projectors have a wide field of vision, and allow group work [30].
However, they take up allot a room and are complex to set up. Indeed, the projector and
the tracking camera need to be calibrated and placed directly above the working area.
TheRobot Game is a simplified version of this setup because it uses a holder and amirror
to use the tablet’s camera. It is simple to set up but offers a narrow field of vision.

Finally, even thoughnoneof the applications aboveuse this technology, it is important
to cite AR glasses and headsetsmostly used for professional training, due to their very
high cost. These have the advantage of offering good perception of depth [31]. Their
mobility is also a major asset since the devices can be transported everywhere and leave
the user’s hands free. However, they can cause visual fatigue and nausea.

There are several types of software to design MR applications. Teachers can use AR
application editors that allow them to create AR applications without any development
skills such as Augment [32] and Aurasma [33]. Thanks to simple interfaces, they can
record their markers (object, image or QR Code) and associate them with different
3D models or documents. Applications, created with these editors, only support very
light AR interactions, which consist in simply displaying digital content on the detected
marker. Such application do not support feedback and automatic activity validation.

There are several open source technologies such as Artoolkit [34] or OpenCv for
example, used to developMaR-T and Robot Game. However, these open source and free
technologies require advanced expertise in image processing.

Finally, there are several paying technologies, generally offering a free version,
which allow developers to create MR applications, without being an expert in image
recognition. The most popular is Vuforia [29] which offers good quality, stable and
efficient services. Wikitude [35] and Kudan [36] are other alternatives.

4 Conclusion and Discussion

Through the analysis of eight Mixed Reality (MR) applications for teaching math in pri-
mary and secondary schools,we show that this technologyoffers several educational ben-
efits such as cognitive offloading, captivating students’ attention and making them learn
while having fun. The experimentations, led by the authors of these applications, show
that, even more than the AR augmentations (virtual information and object projected on
real objects), it is the rich interactions, the custom feedback and help provided by the
MR applications that have the highest impact on engagement and learning.

As we stand, the only technology capable of creating such rich MR interactions
are paying technologies such as Vuforia, that requires solid programming skills. If we
want MR to be accessible in schools, is it important to provide similar open-source
technologies or MR editors that could allow teachers to create their own complex MR
applications. In addition, the only way to develop the use of MR in schools is to provide
applications that function with tablets since most schools are usually equipped with
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them and they are simple to set up. However, their use deprives children for using their
hands at the same time. This constraint therefore needs to be taken into account when
designing activities by clearly identifying when the children should be manipulating real
objects and when they should pick up the tablet to get feedback or validate the exercises.
Another method would be to design collaborative activities in which the children take
turns in holding the tablet, while the other manipulates the objects. The experimentation
also show that theMR applications should also function withmarkers teachers can easily
print out on paper or cardboard. Another interesting perspective would be to help them
create augmentations on material they already have in their class (e.g. cubes, globe) by
using custom marker stickers.

References

1. Drascic, D., Milgram, P.: Perceptual issues in augmented reality. In: Stereoscopic Displays
and Virtual Reality Systems III, vol. 2653, pp. 123–134 (1996)

2. Wilson, M.: Six views of embodied cognition. Psychon. Bull. Rev. 9(4), 625–636 (2002)
3. Liou, H.-H., et al.: The influences of the 2D image-based augmented reality and virtual reality

on student learning. j-ets 20(3), 110–121 (2017)
4. Chandler, P., Tricot, A.: Mind your body. Edu. Psycho. Rev. 27(3), 365–370 (2015)
5. Alibali, M.W., Nathan, M.J.: Embodiment in mathematics teaching and learning: evidence

from learners’ and teachers’ gestures. J. Learn. Sci. 21(2), 247–286 (2012)
6. Kalenine, S., et al.: The visual and visuo-haptic exploration of geometrical shapes increases

their recognition in preschoolers. IJBD 35(1), 18–26 (2011)
7. Weng, C., et al.: Mixed reality in science education as a learning support: a revitalized science

book. JECR 57(3), 777–807 (2019)
8. Hughes, C.E., et al.: Mixed reality in education, entertainment, and training. IEEE Comput.

Graph. Appl. 25(6), 24–30 (2005)
9. Cheng, K.-H.: Surveying students’ conceptions of learning science by augmented reality and

their scientific epistemic beliefs. Eurasia J. Math. Sci. Tech. Edu. 4(4), 1147–1159 (2018)
10. Lin, H.-C.K., et al.: Establishment and usability evaluation of an interactive AR learning

system on conservation of fish. TOJET 10(4), 181–187 (2011)
11. Watts, T.W., et al.: What’s past is prologue: relations between early mathematics knowledge

and high school achievement. Edu. Res. 43(7), 352–360 (2014)
12. Sarama, J., Clements, D.H.: Early Childhood Mathematics Education Research: Learning

Trajectories for Young Children. Routledge (2009). 242 p
13. Backlund, P., Hendrix, M.: Educational games-are they worth the effort? A literature survey

of the effectiveness of serious games, VS-GAMES, pp. 1–8 (2013)
14. van der Stappen, A., et al.: MathBuilder: a collaborative ar math game for elementary school

students. In: Proceedings of CHI PLAY, Spain, pp. 731–738 (2019)
15. Andrea, R., et al.:Magic Boosed’ an elementary school geometry textbookwithmarker-based

augmented reality. Telkomnika 17(3), 1242–1249 (2019)
16. Chen, Y.: Effect of mobile augmented reality on learning performance, motivation, and math

anxiety in a math course. J. Educ. Comput. Res. 57(7), 1695–1722 (2019)
17. Gecu-Parmaksiz, Z., Delialioglu, O.: Augmented reality-based virtual manipulatives versus

physical manipulatives for teaching geometric shapes to preschool children. BJET 50(6),
3376–3390 (2019)

18. Palaigeorgiou, G., Tsolopani, X., Liakou, S., Lemonidis, C.: Movable, resizable and dynamic
number lines for fraction learning in a mixed reality environment. In: Auer, Michael E.,
Tsiatsos, T. (eds.) ICL 2018. AISC, vol. 917, pp. 118–129. Springer, Cham (2019). https://
doi.org/10.1007/978-3-030-11935-5_12

https://doi.org/10.1007/978-3-030-11935-5_12


Analysis of Mixed Reality Tools 121

19. Radu, I., et al.: Discovering educational augmented reality math applications by prototyping
with elementary-school teachers. In: IEEE VR, pp. 271–272 (2016)

20. Kazanidis, I., et al.: Dynamic interactive number lines for fraction learning in a mixed reality
environment. In: Proceedings of the SEEDA, Greece, pp. 1–5 (2018)

21. Marichal, S., et al.: CETA. In: Proceedings of the MobileHCI, pp. 1–13 (2017)
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Abstract. This paper discusses the relatively new concept of ludification with the
attempt of laying the theoretical groundwork for further studies. Although ludifi-
cation ties in with both gamification and the concept and practice of transmedia it
possesses unique characteristics andqualities of its own, primarily evolving around
playful ways of creating and interacting with stories. The focus point is especially
how traditional media such as tv-series and movies incorporate game-like struc-
tures into their narrative structure. This concerns both the narrative structures that
users can and cannot interact with. Among other things, we consider a deep under-
standing of ludification vital for the more practically oriented approach to learning
through (serious) games and game mechanics. Thus, this paper serves as a pro-
legomenon to the interpretation of works of ludification, as well as to the diverse
field of deploying ludified material in didactical and pedagogical context.

Keywords: Ludification · Gamification · Play theory · Game design · Learning

1 Introduction

In an American perspective ludification has come to mean the use of game systems for
business and government use. However, there is no clear-cut consensus about terminol-
ogy in the literature. For instance, the term ludification is now a stable in cultural studies
where it very broadly signifies the introduction of elements of playfulness into our lives
and culture (Dippel and Fizek 2017). Therefore, we need a concept that makes it possi-
ble to differentiate between gamification, on the one hand, and ludification on the other
hand. Initially, we understand ludification as a concept that uncovers how storytelling
across media, tv series and movies, integrate computer game structures in their narra-
tive composition. We propose the term ludification, rather than transmedia, because the
question is not just how stories migrate between different media, but rather, and more
specifically, how games influence a host of different media. However, we comprehend
‘ludification’ as a robust enough concept to not become merely a subset included in the
terminology of gamification and/or transmedia. Ludification is connected to both, gam-
ification and transmedia, and yet it possesses unique characteristics and qualities of its
own. The goal of this paper is thus to show how computer games influencen ‘traditional’
and especially cinematic storytelling; further to pinpoint how play elements and game
structures can be explored using what we call ludo-interpretation, i.e. reading traditional
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media through the lens of games. Although this can of course only be hinted at here, such
scrutiny should make way for a better understanding and a more fitting classification
of ludification, and in addition provide a theoretically informed working model for the
serious use of ludified material in assorted contexts.

First, we outline the conceptual framework of gamification, followed by the second
section in which we look more closely at the underlying design principles of using game
elements and game mechanics in non-game settings, which would typically be tradi-
tional storytelling. Third, we discuss how gamification rests on rewards as triggers for
situational motivation. Fourth, play and playfulness are discussed vis-à-vis games and
ludification, while the fifth section examines the sociological claims about the ‘rational-
ization’ of play bringing about specific forms of social order. Finally, in the concluding
section, we tentatively offer some thoughts on the connection between ludification and
learning.

2 Gamification

Gamification is often interchangeably understood as ludification (Kirkpatrick 2015).
The conflation of the two terms is unfortunate, especially since there are a number
of differences between the two. The fate of gamification has been the subject of hot
debates (Bogost 2014). In those debates, gamification associates with terms like ‘game-
ful’ (McGonigal 2014), ‘gamified’, and ‘gamefulness’. But what do these terms mean?
‘Gameful’ and ‘gamefulness’ seem to point toward the experience of the player engaged
in game-like activities. ‘Gamified’, on the other hand, signals design, that is, how one
may apply game-like traits to a wide range of topics and areas typically located out-
side the realm of video games. This has led to a tentative, porous, broad, and accepted
definition of gamification: ‘[The] use of game design elements in non-game contexts’
(Deterding et al. 2011, para. 1). To clearly separate gamification from ludification we
propose the following definition of ludification as the use of game design elements in
non-game contexts with a special emphasis on ‘ludifying’ story structures and story
objects residing in (linear) stories.

Despite its far-reaching scope gamification hints at a specific design practice by
which game elements are applied to a wide sample of topics and activities in a host of
different contexts. This practice has been labelled ‘gameful design’, ‘gamified design’,
‘applied game’, as well as ‘applied game design’ (Schmidt et al. 2015).

Another difference between ludification and gamification has to do with learning
and motivation. Central to this is the notion of how interaction with game-like features
in non-game contexts promote engagement and accelerate learning, usually through
some kind of reward system (Walz and Deterding 2014; Huotari and Hamari 2011).
Overall, the rationale for gamification rests on the somewhat dubious reasoning that
video games are heavily dependent upon rewards, and that players like and respond well
to being rewarded. Furthermore, this implicit behavioristic rationale is merged with the
observation that video games engage players. Ergo, the thinking seems to suggest that
players get engaged in video games because they get rewarded. Following this line of
thinking points toward mesmerizing possibilities of harvesting the sway video games
hold on players and apply it outside the realm of games. The sheer thought of the endless
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possibilities is enough to cloud even the fiercest critic – games are, commercially and
conceptually, a goldmine.

3 The Design Practice of Gamification

Let us focus a bit more on the design approach of gamification with its declared ambition
to use video game elements to engage and motivate users to accelerate learning (Bogost
2011, 2014). One difficulty that quickly emerges involves understanding how video
games actually work. This question can lead to several different answers as the growing
catalogue of research into video games demonstrates. However, an important and unclear
border exists between themachinery of games, in general, anddesigning for gamification.
This border has to do with how players recognize the interactive gamified system and
its properties. Do players see the system as gamified content, or do they see it as a video
game? Another important and unclear border loops around the question of learning,
namelywhat kind of learning and knowledge the gamified system is designed to promote.
Yet another vital and unclear issue concernsmotivation, specificallywhether the gamified
system relies on intrinsic or extrinsic motivation to engage players (Ryan and Deci 2000;
Csikszentmihalyi 2000).

A deeper and transcendental question concerns what it takes tomake a system engag-
ing to interact with (Hunicke et al. 2004), be that the need for clear goals, manageable
challenges, or transparent and quantifiable outcomes. All this questioning, from the
nature of gaming to the valorization of goals, leads to fundamental design reflections on
how to understand formal game elements and combine them in relation to an intended
learning outcome. As such, the conceptual scrutiny of games (what they are) and the
functional applicability (what they are good for) weave into one another. For instance,
posing the question, does it make sense to reward the user with a star when she is trying
to learn a new language, implies a causal connection between practical upshot (language
skills) and the conceptual premise that games are splendid tools with which to reward
users when they achieve a goal.

All of these borders are blurred. Nevertheless, they rise from the same rift in the
rationale of gamification; the gap between aspects of games on the one side and fully-
fledged games on the other. This rift has not been bridged. One thing is sure: it generates
these blurred borders. One only has to ask oneself the question how many game aspects
– and specifically which ones – are needed before a ‘gamified’ system tilts and becomes
a fully-fledged video game. Until now the focus, in research, has been on game aspects
such as clear goals, feedback in the form of quantified rewards and measurable progress
normally in the shape of badges, levels, and leader boards (Walz and Deterding 2014).

4 Reward

Common knowledge dictates that reward systems are connected with motivation. How-
ever, the question of how to design a reward system that can drive behavioral changes
is another matter. Despite this challenge almost all research on gamification dodge the
explanation of how to design a reward system beyond the meagre notion of handing out
a badge for a job well done.
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This illustrates a curious lapse of attention. Since motivation and reward go hand-
in-hand in the raison d’être of gamification, it would seem obvious that research would
center on principles for designing reward systems in order to monitor their behavioral
effect (on playful humans). However, let us be more specific: How does a reward system
trigger the activity levels of the user? Noteworthy in this regard is John Hopson’s (2001)
investigation of behavioral game design. Hopson is inspired by neo-behaviorism and
contemporary behavioral psychology. He argues that it is possible to a certain degree to
‘filter’ structural parameters and their effects. What we have, then, is a design structure
of rewards.

Hopson further explains how reward systems can be designed through contingencies
and schedules (Hopson 2001, p. 1). A contingency is a rule, which governs when a
reward is given out (hence the scheduling). Essentially, there exits two different kinds of
contingencies, ratios and intervals, which can be both fixed and variable. Each produce
different patterns in player activity.

Ratio schedules are dependent on the user’s activity. They provide the user with a
reward after a specific number of actions have been taken. When this is translated into
a task, it would sound something like this: the game presents the player with a task of
killing X orcs or to solve Y math assignments (Larsen 2012). In both of these cases, the
player will be rewarded following a specific number of actions. This is called a fixed
ratio schedule since it requires a finite number of actions before the reward is provided.
Note that the specific number of actions required have been announced beforehand and
that the number of actions never change. If the player begins the game anew the same
task will require the exact same number of actions before the reward is given. Nothing
changes. Most noteworthy, however, in the fixed ratio where player activity begins very
slowly with a short sudden burst of energy toward the end. The opposite happens with
the variable ratio. Here, the player activity levels are constant and fairly high. In other
words, the player performs the same action over and over again in anticipation of a
reward even though the reward fails to materialize itself.

This design structure is contrasted by the interval schedules, which also can be both
fixed and variable. When they are fixed, they depend on the internal clock of the game
system, i.e. interval schedules provide rewards after a certain amount of time has passed.
There is no need for player activity. The reward will be provided regardless of player
actions or not. The opposite holds for the variable interval schedule, which constitutes
a reward after a variable time period. Sometimes, the reward is provided after 30 s,
while at other times the reward is revealed after five minutes. Here, the players’ activity
levels follow the fixed (slow in the beginning accelerating toward a burst in the end)
and variable (steady and fairly high) pattern of behavior. The correlation between the
structural design of rewards and the users’ response and behavior seems to escape the
studies of motivation within the field of gamification, i.e. how the structural design of
rewards drives behavioral changes both in the short, intermediate, and long term.

5 Play and Playfulness

Studies of ludification have mostly been related to media production and how playful-
ness and a certain gaming sensibility create new cultural practices (Raessens 2006).
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They involve the consumption of new media and how it reconfigures, reshapes, and
transforms both the media itself and the wider ecology around it (Frissen et al. 2015).
Such approaches express a change ‘from a predominantly narrative to a predominantly
ludic ontology’ (Raessens 2006, p. 54). This change is particular true of the role of play
in modern culture (Raessens 2014).

Media convergence, as defined and discussed by Henry Jenkins (Jenkins 2006),
can be seen as the combined product of ludification and play. Convergence represents
the flow of content across media platforms added with an emergent and increasingly
powerful participatory culture where users playfully distribute, produce, and engage
with content to make meaningful connections (Jenkins et al., 2013; Kerr et al. 2006).
Identities do not emerge as mere reflections or effects of media consumption. Instead,
the dynamic of ludic identity creation is reciprocal and tied to new media practices and
(re)configurations.

In light of this ludification can be viewed as a cultural and social practice situated at
the intersection between play and game (Lindtner and Dourish 2011). Play and games
find themselves ‘at the heart of a dispersed ecology of practice, diffused from local
identity creation to global cultural production and usage’ (Larsen 2019, p. 458).

This view, one that springs from the disruption of the sharp border between produc-
tion and reception, is influenced by Johan Huizinga’s ([1938] 2014) seminal definition
of play. According to Huizinga play acts as an inspirational force, which propels the
development of culture. Play is different from work, Huizinga writes, in that it does
not have a utilitarian purpose. Play seems to ‘float’ awaiting materialization either in
the shape of an arena or board of sorts or by the contextualization of playful activities.
Huizinga’s distinction between work and play is echoed by Caillois ([1958], 2001) when
he describes play as ‘pure waste’ (p. 5). Huizinga and Caillois’ shared epistemology of
play, it could be argued, originates from Protestant ideology as it is portrayed by Max
Weber (Weber 1958). The overall perspective is that play is unproductive as opposed to
work, which is a productive and meaningful activity. Thus, play exists outside ordinary
life, adheres to its own rules and carries no material interest. Accordingly, play is an
unserious activity even though it has the capacity to fully absorb its participants and pose
as a vital drive in cultural production.

Contrary to this view, Stevens (1978) regards Huizinga and Caillois’ split between
play and work as ‘a false dichotomy’ (p. 17). He criticizes Huizinga and Caillois for
mixing and confusing the formal characteristics of play with the experience of being
in play. This polarity blurs the boundaries, since ‘we are taking the behavior for the
experiencing of that behavior’ (Stevens 1978, p. 21). Stevens’ solution is to separate
form from experience or poetics from aesthetics, which further means separating the
formal markers of play from the experience of being-in-play. This approach in drawing
clear boundaries reflects several research traditions within the humanities, which can be
illustrated with an example from Russian formalism.

The Russian formalists were not interested in play per se. Instead, they wanted to
distance themselves from ‘aesthetics’ or ‘experience’ especially in an effort to formally
divorce literature from non-literature.

Shklovsky, in his essay Art as Technique (1917), draws a defining line between what
can be considered art and what cannot. This line, Shklovsky says, belongs to the concept
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of ‘defamiliarization’; a device or perceptional trigger that forces the reader to see the
already acquainted in a new light. Guided by Shklovsky’s device of defamiliarization,
Tomashevsky, in his essay Thematics (1925), meticulously outlines the specific units
and the order of narrative elements that are present in literature. Two distinct layers exist
within the narrative design of literature: on the one hand, story (fabula) emerging as the
chronological order of events; on the other hand, that which appears as the presented
story (sjuzet). A story is thus the unedited sequence of events as opposed to the plot,
which is the edited and defamiliarized composition of the chronological order of the
story.

What is relevant here is that Stevens seems to echo the overall mode of thinking of
the Russian formalists, especially in the cut between ‘play form’ and ‘play experience’.
This does not mean, however, that Stevens is a straight-faced formalist; on the contrary,
Stevens illuminates the flipside of the formalist coin, the experience. Such focus on the
experience of play resemblances Hans George Gadamer’s ([1960] 2013) phenomeno-
logical analysis of play. He too separates the experience of being in play from the formal
structure of play (Larsen 2015).

Stevens’ turn away from the formal analysis in return of an investigation of the
inner workings of the experience of being in play opens up a novel approach to play.
This approach allows for play to be seen as a particular and pleasurable attitude to an
on-going, prosaic activity.

Thus, play is ‘amode of human experience […] awayof engaging theworldwhatever
one is doing’ (Malaby 2007, p. 100). This rather totalizing view upon play implies for
Malaby that we can think of 1) play as a mode of experiencing; 2) play as a particular
way of engaging with the world; and 3) play as a possibility, which can happen in all
kinds of places and in any number of activities.

In a more recent study Malaby redefines his position. Now play is regarded as a
disposition ‘characterized by a readiness to improvise in the face of an ever-changing
world that admits of no transcendently ordered account’ (Malaby 2009, p. 206).Malaby’s
approach to play means: 1) To prioritize play over any given activity or practice; and 2) a
specific and situational stance which resonates in Sicart’s (2014) take on play. According
to Sicart play is an appropriative power that has the ability to ‘take over’ or colonize any
unfolding activity. Play is furthermore an activity, which always happens in a context. 3)
Finally, play seems to be always-already tied to a specific situation, the specific role of
play, which lend itself to navigating the indeterminateness of an ever-changing world.
We have now, with the help ofMalaby, Stevens, and Sicart abandoned the traditional and
‘false’ dichotomy of work versus play. When the work/play distinction is left behind, we
see instead in ludic practice a more useful contrast between a cultural form (a game-like
activity, regardless of the level of playful engagement) and a mode of cultural experience
(a playful disposition towards activities nomatter howgame-like) (Malaby 2009, p. 209).

However, what Malaby is hinting at here is the important dichotomy between ‘play’
and ‘game’. Or, a separation between ‘play’ and ‘game’ activities (gaming). When play
is estranged from actual game activities, it is possible to treat play as an autonomous,
conditional unit fundamental to the human condition. Play becomes, almost in a Hedeg-
gerian fashion, a disposition or a mode of experiencing the world – i.e. play being the a
priori framework for aposteriori and actualized gameplay (Larsen and Walther 2019).
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6 Rationalization

But there is a darker side hidden in the entanglement of the dichotomy between ‘play’
and ‘game’. Grimes and Feenberg 2009) writes about play being mixed up with a form
of social rationalization, which takes place at the junction of play experience and game
systems. According to them ‘play’, in itself, reproduces ‘the larger processes of ratio-
nalization at work within modern capitalist societies’ (p. 105). Silverman and Simon
(2009) use the term ‘power play’, which they see as an act of ‘machination’, a submis-
sion of the player shaped by the game system. In pragmatic terms one can think of (the
experience of) play transforming itself from being fun and engaging to a tiresome, bor-
ing and work-like activity. Players no longer enjoy the game. Instead they mechanically
respond to the demands of the video game system as their playful attitudes sublimate
into rationalization. Rather than players playing the game, it is the game that plays and
drives the players toward future rewards.

The silver lining in this dystopian perspective is Grimes and Feenberg’s observation
that players increasingly become part of the production of game content, which means
that we should couple the view on the dark side of play with the ‘social, cultural, and
political conditions within which a game is appropriated and contested by its players’
(Grimes and Feenberg 2009, p. 107). The premise of this claim is, similar to Stevens
andMalaby, the transgression of the work and play dichotomy. Rationalization may be a
process that basically simulates ‘work’; but itmust bemeasured against the appropriating
act of cultural counter production that play offers. Not only does play entail the dialectic
of tyrannizing players from within the game system as well as to harvest a potentially
liberating annexation. Play also creates ‘a form of social order’ (p. 108): “[It] is not that
social order recapitulates certain features of games, but rather that games have themselves
become forms of social order” (p. 109). This implies a dual set of premises: First, the
distinction between the poetics of the system and the aesthetics of the play experience;
and second, a peculiar flip-side version of Huizinga’s claim: Namely, the idea that play
not only propels forward the fruition of culture, but also that play is laden with interest,
rather than being mere fun and dis-interested stuff. Since play, then, really can exist
as a kind of realization of its own promise, because it can foster a disruption of the
hegemonic one-way-street of brute game systems; the vital (and perhaps sad) point here
is that rationalization may come back to haunt players in the shape of not just the social
ordering of games, as Grimes and Feenberg writes, but also as the instrumentalization
of play.

Nevertheless, play itself holds transformational capabilities; not statically, but
dynamically, while percolating from play mode to game mode. Play passes from an
undifferentiated state of playfulness to a rationalized configuration adjusted to fit the
video game system. This transformative process takes place through a series of differ-
entiations (Walther 2003, 2011), which end up subjugating play in such a way that play
bends to the will of the game system. This is not the instrumentalization of play, but,
rather, the inherent and almost evolutionistic dynamic of the activity: play lends itself to
and is drawn towards the game. The continuum of play mode and game mode alludes to
Caillois’ conceptualization of play, which equally takes place in a band between paidia
and ludus. Paidia (mostly translated as ‘free play’) embraces the precipitateness and
spontaneity of play, play mode, and is contrasted by the much more disciplined ludus,
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or game mode. Caillois himself explains the two poles respectively as ‘diversion, tur-
bulence, free improvisation, and carefree gaiety [and] ever greater amount of effort,
patience, skill, or ingenuity’ (Caillois 2001, p. 13).

To play a game is to be swept away by and drawn into a series of transformations, a
rationalization process which ends up quelling play, according to Grimes and Feenberg.
Callios sees it differently. What could be called game mode is merely the maturation
of ‘diversion’ and ‘turbulence’ as well as the effect of paidia gradually ‘becoming’
ludus with all its ‘effort, patience and skill’. One could say, partly conclusive, that
there lies an inherent ideological stance in play’s subjugation to game, pace Grimes and
Feenberg. Callios, on the other hand, is much more akin to the idea of the evolutionary
and dynamic processualism of play and games. In addition, play mode and game mode
resemble Malaby’s ‘cultural form’ and ‘mode of cultural experience’. Both evolve in an
overlapping continuum while keeping both aspects open for on-going configurations.

The procedurality of play also represents the process of ludification. Play activities
transform from undifferentiated to differentiated states though optimization, discipline,
and self-referential awareness. It is this process that ascribe to the social order while
simultaneously creating opportunities for user resistance and creativity. One could say
that the procedural wave of play turning into game means both to ‘fit in’ to the power
structure of games but also to make play ‘stand out’. Ultimately, there is an element of
instrumentalization in the dominance of the game mode and the way it takes control
over and disciplines play. And yet there is equally, and simultaneously, an imaginative
resonance in the very same playfulness that sparks the process as such. Ludification,
thus, is a process which injects playfulness and gamefulness (game structures) into tv
series and movies. In contrast to this process, gamification insert game-like progress
patterns and reward structures outside the realm of games, especially within the domain
of learning.

Together, ludification and gamification reside in a circular and recursive formation
accelerating and expanding the ludic presence of game-like traits outside the realm of
(proper) games.

7 Conclusion: Learning from Ludification

Gamification means introducing and enhancing game elements and game mechanics
in non-game objects, installations, and situations; in fact, gamification can be regarded
as a subset of applied behavioral psychology because of the profound emphasis, as we
saw above, on motivation, feedback, progress, and reward. Ludification relies on the
same kind of infusion of game elements – but in another domain. Ludification concerns
the enhancement specifically of game elements in stories and their combination (e.g.
interactive fiction).

Thus, one could say that a gamified structure and object are non-game structures
and objects endowed with components and traits from the gaming regime; while ludified
structures and objects are non-game story-structures and story-objects endowed with
similar game components and traits whose focus, however, is not so much motivation,
feedback, and reward but, rather, ways of ‘designing’ and ‘telling’ stories in new and
exciting, i.e. ‘ludified’ fashions. The terminology that we propose here, and which we
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outlined above, constitutes a shift from ludification being merely a subset of gamifica-
tion intended for specific non-game purposes to contemporary media productions and
consumption practices where the co-existence of elements of play, game structures, and
gamemechanics together withmodes of storytelling – preferably across media – become
more and more dominant.

Ludology, the academic study of computer games, evidently pawed the way for the
understanding of games on a formal level (their ontology) as well as for insights into
the experiences, community making, and playfulness associated with games, i.e. the
epistemology of games. Tentatively, one could envision the same kind of progression
undertaken by the study of ludification – ludified story-structures and story-objects – as
that of the science of ludology: From the formalistic enquiry into the nature or ontology
of games (or story-structures and story-objects behaving like games); to studies of play-
ful practices and reception communities arising from these structures and objects and
the way they are ludified; to, finally, modes of ‘extracting’ situational knowledge and
learning from these structures and objects. In other words, a journey from the underlying,
theoretical strata of understanding and categorizing structures and objects to new and
fruitful ways of using these structures and objects – and the deep understanding of them
– in instrumentalized contexts. Will ludification be the next wave of serious, mediated
learning? This paper has tried to sketch the base theory of such structures and objects;
and, of course, only time will tell.
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Abstract. The use of gamification in education is increasing, but it is still not clear
exactly how or which game elements are conducive to learning. The research on
gamification in learning is hindered by the users’ heterogeneity, whose personal
and professional traits can moderate the impact of gamification on learning suc-
cess. This study aims to experimentally investigate the moderator role of learners’
learning tendencies on gamification success concerning students’ academic par-
ticipation, engagement, and experience. In our study, 85 students were randomly
assigned to one control and two treatment groups. Our results showed gamifi-
cation design positively contributes to the academic participation, affects learn-
ers’ engagement in gamified environments, and that students’ engagement was
moderated by students’ learning tendencies.

Keywords: Gamification · Gamified learning theory · Engagement · Gamified
experience · Personalization · Learning tendencies

1 Introduction

Landers defines gamification as “the use of game elements (GEs) outside the con-
text of a game to affect learning-related behaviors or attitudes” [1]. Learner-related
behavior, just as any behavior, can influence learning. Gamified learning theory (GLT)
implies that gamification does not affect learning directly, but is rather used to stimu-
late learning-related behavior in amoderating process, whichmeans gamification affects
learningwhen an instructional designer intends to encourage a behavior or attitudewhich
increases depends on the third variable – the moderator [1]. The moderators are “psy-
chological constructs that affect how gamification interventions work across different
people” [2]. In education, learners’ learning tendencies (LTs) are regarded as one of the
moderators of the relationship between instructional design and learning outcomes. LTs
refer to “cognitive, affective and psychological behaviors that serve as relatively stable
indicators of how learners interact with and respond to the learning environment” [3].

This work empirically evaluates the GLT by exploring the moderating effect of LT
on students’ academic participation (ACP), engagement, and gameful experience in a
given course. Students’ engagement is composed of behavioral, cognitive, and emotional
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engagement and defines time, energy, effort, and feelings students invest in their learn-
ing. ACP refers to students’ interactions and involvement in online learning activities
and is a part of students’ behavioral online engagement [3]. Gameful experience is a
psychological state in which one perceives presented goals as non-trivial and achievable,
is motivated to pursue those goals, and believe that one’s actions are volitional [1].

2 Background

According to [3] LTs assert individuals have preferences along four bipolar dimensions
of learning. These dimensions are described as a ‘double-pan scale’,where ‘pans’ present
the two opposite poles (active/reflective pan of processing dimension, sensing/intuitive
pan of perceiving, sequential/global pan of understanding and visual/verbal pan of pre-
senting new information).Which pan will weigh depends on the strength of the tendency
the student has toward a particular dimension’ side. The stronger the tendency toward
one side of the scale, the greater the chance that the student will resort to the ‘more
likely’ behavior for that side of the dimension [3]. The underlying idea of LT is that
instructional design should be in line with learners’ LTs to provide learners a possi-
bility to fulfill their potential. However, in the light of the ongoing critical discussions
about LTs and their miss-interpretation [4], we further define what this work does (not)
entail under the term ‘LTs’, how LTs are (not) used in this study and how they fit the
propositions of the moderating process in GLT.

First, the goal of identifying LTs is not to label students but to use what we know
about LTs to create an effective and balanced learning environment. The balanced envi-
ronment is one in which students are sometimes taught in a manner that matches their
LTs, and sometimes oppositely, so they are forced to stretch and grow in the direction
they might be inclined to avoid [3]. In other words, the quality of the instructional design
is responsible for learners learning, not their LTs. This is in line with GLT proposition
that effective instructional content is crucial to the success of gamification, that is, gam-
ification cannot be used to replace, but instead to improve the instruction [1]. Next,
LTs describe learner’s behavioral tendencies, not their learning outcomes. If a student
is confronted with different learning situations she will tend to behave in a manner
characteristic to their LTs. However, not every learning behavior is relevant for a cer-
tain learning outcome, e.g., active participation in the course discussion will probably
not affect one’s performance. Thus, gamification should be used to directly target the
behavior that is shown to influence instructional success [1]. If the impact of gamification
interventions differs among different groups of people, then the characteristics that make
people different are called personal moderators. This interrelationship among gamifica-
tion, behavior, personal characteristics, and outcomes is called moderation. Translated
to the context of our study, the effect of gamification on intended outcomes is moderated
by learners’ behavior (which is defined by learners’ LTs).

3 Related Work

Literature showed that attitudes towards learning, age, and gender moderate the effect
of gamification on its intended outcomes. For example, positive attitudes contribute to
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higher learning outcomes and positive reactions to training while negative attitudes are
correlatedwith lower outcomes [5].Next, age can influence gamification success, as elder
people found gamified environments harder to use [6]. Gender also affects the design
of gamification, as males are motivated by achievement, and females are motivated by
collaborative GEs [7]. Regarding the scope of this work, we found only one study explor-
ing the relationship between LTs and gamification. Namely, authors questioned if LTs
affect how gamification influences users’ perception, participation, and overall perfor-
mance in an online course. As reported, students with active processing tendencies had
a more positive perception comparing to reflective. Students with global understanding
expressed a more positive attitude and had higher scores then sequential [8]. However,
due to the lack of a control group, it is not possible to determine whether gamification
affected performance enhancement or the differences occurred exactly because of the
presence of GEs.

In the absence of satisfactory evidence on the links between LT and game ele-
ments, we conducted an exploratory study to investigate gamification contribution to
students’ engagement by taking into account their LTs [9, 10]. For that, the PBL system
(Badges, Points, and Leaderboards) was implemented in the different course activities
and tasks, after which the exploratory experiment was conducted. This study revealed
that our gamification design increased students’ engagement, students’ engagement dif-
fered depending on one’s LT, and gamification did not affect all students in the same
way. Further, the qualitative analysis showed students’ had positive attitudes towards
gamification, which encourage further investigation in this direction. However, due to
the nature of the exploratory study, it was not possible to draw a conclusion on the rela-
tionship between game elements and LTs, hence, this study aims to exceed presented
limitations by creating one control and two treatment groups in which each treatment is
designed with one game element. With this, we investigate: (i) whether LTs moderate
gamification influence upon students’ ACP, engagement and experience, and (ii) which
gamification design is more appropriate for which LT.

4 Research Questions

This study investigates three research areas (RA). In RA1 we question “Whether gam-
ification improves the targeted outcomes in comparison to traditional learning?”. For
this, we compare the ACP and engagement of students who have the same LT but are
attending different courses (gamified and non-gamified). In RA2 and RA3we focus only
on the treatment groups. First, we question “Are there differences among students with
opposite LTs inside each gamified group?” to see if and how LTs moderated the effect
of gamification design. Finally, RA3 question “How the two gamification approaches
influence the engagement and experience of students with a particular LT, and whether
influential differences exist?”. The conceptual model of our RAs and the hypothesis (H)
is given in Fig. 1.
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Fig. 1. The conceptual model of research areas and hypothesis

5 Method

The online JavaScript (JS) course was created for Bachelor Computer Science (CS)
students, who registered for the “WebTechnologies” course taught everywinter semester
at the RWTH Aachen University. Participation in the JS course was voluntary and the
students had the opportunity to earn five bonus points as entry points for the course. The
JS course was organized as a one-month course (October to November 2019), realized
within the Moodle LMS. The course covered six topics consisted of various learning
materials, lecture videos with practical examples, code examples, and supplementary
materials. The instructor involved in the course only when an announcement had to be
made, or a student (virtually) asked for an assignment feedback or had a questions.

Targeting the Behavior for Gamification Intervention. CS education combines both
theoretical and practical concepts which indicate that CS students should be inclined
towards practicing or solving exercises by using principles and theories to discover new
relationships and find innovative solutions. In which of these two ‘directions’ (practi-
cal or theoretical skills) students are likely to develop strengths, that is, weaknesses are
defined by their tendencies towards a perception dimension of learning [3]. The sensing
side of the perception dimension describes students who perceive things by observing,
listening, and feeling. They tend to solve problems by standard methods, using facts and
experimentation, they dislike complications and theories (practical skills). The intuitive
side, describes perceiving information through the imagination and instincts. Intuitive
like innovations and challenges, they avoid repetition and seek to discover new relation-
ships (theoretical shill). Studies on LTs showed that every learner can use both perception
ways, but most of the time they use only one of them – which, in the case of CS students
is the sensing way [2]. Thus, it is important to establish a balance between what learners
must learn or work on to master a subject - and what and how they prefer to learn. Due
to the majority of CS students having sensing LTs, this work aims to encourage sensing
students to engage in tasks that they might, because of their sensing nature, avoid.

Selecting Game Elements. The first treatment group (T1) was gamified with the Trad-
ing GE. Trading is “an incentive exchange of some kind of items between the player and
the game” [11]. The second treatment group (T2) was gamified using the PBL system.
Table 1 describes how GEs were designed regarding the ‘intuitive behavior’ they indent
to encourage.

Data and Feedback Collection. LTs were measured with the Index of Learning Style
(ILS) questionnaire [12] thatwas given to students before the beginning of the course. For
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Table 1. Overview of included GEs and experimental manipulations

Aim: Encourage students to try new solutions on their own

T1 Collecting puzzle pieces: Puzzle pieces were hidden inside the coding challenges. A
student could pick up a piece (by clicking on the item image) when a submission is
made and unlock the instructor’s solution. When all six pieces are collected, students
trade them with the ‘getaway card’ to freely skip one of the tests for bonus points.

T2 Badges: Badges were automatically awarded to students when they submit a coding
challenge. If all six badges are earned students get the ‘getaway card’

Control Submitting coding challenges was optional, and the solutions were open. Skipping
the test was not possible

Aim: Encourage students to watch videos with theoretical explanations and concept

T1 Collecting coins: Students collected coins by watching a theoretical video. Coins
could be traded with 10 extra minutes for two Bonus tests of their choice

T2 XPs and levels: Students collected 45 XP points by watching theoretical videos.
When they collect 450xp, respectively, 900xp they unlock the 30-min tests

Control No awards for watching the videos. No possibility to extend the Bonus Tests time

Aim: Encourage students to explore the course, doing additional exercises and quizzes

T1 Collecting food ingredients: the ingredient items were hidden inside additional
activities like self-assessment quizzes. Once all ingredients are collected student
unlocks a new learning section with supplementary materials on advanced JS
concepts

T2 Levels and leaderboard: By doing self-assessment exercises and quizzes students
were given additional XPs. When a certain amount of XP is being collected students
leveled up. When the ultimate level 7 is reached, additional learning materials are
unlocked. Students’ current XPs and levels are shown in the leaderboard

Control The additional material section was available from the beginning

the students’ engagement, we created a self-reporting instrument and included: behav-
ioral scales (OnlineActive (OA) scale thatmeasures howactively students use e-learning
systems to enhance their learning and Online Engagement (OE) scale that measures the
degree to which students have applied the e-learning system into their academic studies)
adapted from the Student Engagement Questionnaire1, emotional (Interest and enjoy-
ment (EE)) and cognitive scales (the invested effort in the course (IE)) from the Intrinsic
Motivation Inventory 2 and cognitive scale (‘effort/regulation’ (ER)) from theMotivated
Strategies for Learning Questionnaire3. Behavioral engagement scales used a 4-point
Likert scale (1 = never to 4 = very often), while emotional and cognitive scales use a
7-point Likert Scale (1= strongly disagree to 7= strongly agree). Students’ experience
was measured with a Gamefulquest [13], an instrument used to assess users’ gameful

1 https://www.acer.org/au/ausse/survey-instruments.
2 http://selfdeterminationtheory.org/intrinsic-motivation-inventory.
3 http://stelar.edc.org/instruments/motivated-strategies-learning-questionnaire-mslq.

https://www.acer.org/au/ausse/survey-instruments
http://selfdeterminationtheory.org/intrinsic-motivation-inventory
http://stelar.edc.org/instruments/motivated-strategies-learning-questionnaire-mslq
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experience when using a gamified system. From the Gamefulquest playfulness (PL),
accomplishment (AC) and challenge (CH) scales were used. The surveys were optional
and given to students after the course ended. Table 2 summarizes the data used in this
study.

Table 2. Measures and data used in the study

RA Data set

LTs RA1-2 ILS test results

Engagement RA1-2 Students engagement survey

Experience RA2-3 Gamification engagement survey - Gamefulquest

ACP RA1-3 Time spent in course, Activities (No. of events, course visits),
Self -assessment (No. of completed self-assessment quizzes and
exercises), Coding challenges (No. of submitted coding challenges),
Learning materials (visits to lecture notes, additional material),
Gamified videos (No. of watched gamified videos)

6 Analysis and Results

This study gathered 85 Bachelor CS students from RWTHAachen University randomly
assigned to one of the three groups. However, as this investigation is focused on students’
behavior concerning their LTs, for the data analysis, only 69 students who completed
the ILS questionnaire were taken into account (see Table 3). All extracted data were
analyzed by using the IBMSPSS tool. Based on the assessment of the data normality, for
measuring differences among groups parametric (Independent t-test) or non-parametric
(Man Whitney U and Kruskal-Wallis) were used. Further, a simple regression was used
to investigate the moderating effect of LTs [14]. The significance is measured at a level
of 5% (p-value < .05).

Table 3. Students’ distribution in the experiment

Control Group 20
students

T1 Group 26 students T2 Group 23 students

Intuitive Sensing Intuitive Sensing Intuitive Sensing

5 15 11 15 9 14

Engagement survey 9 students 21 students 14 students

Gamefulquest NA 24 students 14 students
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H1: Our gamification design contributes to ACP of sensing students: ACP will be higher
for sensing students in the treatment (gamified) vs. control (non-gamified) conditions;

Table 4 presents the results of a Kruskal-Wallis test. The test revealed differences in
ACP of sensing students between the three groups. Namely, in the T1 sensing students
(n = 15) had significantly more actions, watched more gamified videos, and accessed
more learning materials than their peers from the control group (n = 15). Similarly, in
the T2 group sensing students (n = 14) were significantly more active than the peers
from the control group. From this we conclude that gamified interventions had a direct
impact on students’ ACP in the course, thus H1 is confirmed.

Table 4. Comparison of ACP between control and treatment groups

df H p Control T1 T2 Control - T1 Control - T2 T1 - T2

Time 2 3.69 .15 17.33 24.93 25.43

Actions 2 10.67 .005** 14.30 29.47 23.82 .001** .04* .23

CCa 2 9.25 .01** 5.87 23.17 28.89 .08 .002** .18

SAb 2 6.90 .11 17.73 25.70 24.18

LMc 2 10.10 .006** 14.20 28.57 24.89 .002** .03* .44

GVd 2 13.76 .001** 13.37 30.67 23.54 .033 .02* .13

Note: * = p < .05, ** = p < .01, a Coding Challenge, b Self-assessments, c Learning materials,
d Gamified videos

H2: Our gamification design does not contribute to ACP of intuitive students: there
are no significant differences in ACP of intuitive students among control and treat-
ment groups; Kruskal-Wallis test (Table 4) results did not reveal significant differences
between intuitive students’ (n= 25) across the three groups thusH2 failed to be rejected.

H3: Our gamification design contributes to students’ engagement: Engagement of intu-
itive and sensing students will be higher in gamified treatment.AKruskal-Wallis results
(see Table 5) showed no significant differences in the effect of our gamification design
on students’ engagement, thus H3 is not confirmed.

H4: LTs moderate gamification effect on engagement: there will be differences between
intuitive and sensing students in the treatment groups.TheT-test revealed in the T1 group
EI of sensing students (n= 14) was statistically higher than EI of intuitive students (n=
7) (see Table 6). Further analysis with simple regression established tendency towards
sensing perception could significantly predict EI, F (1, 21) = 4.72, p < .05 and that
tendency accounted for 18.4% of the explained variability in EI. T-test also showed
sensing students in the T2 group (n = 7) had higher OAE and EE in comparison to
intuitive (n = 7). The analysis showed the sensing tendency could significantly predict
OA, F (1, 12) = 11.21, p < .005, and accounted for 48.3% of the explained variability.
Further, the tendency could significantly predict EE, F (1, 12) = 6.55, p < .005 as it
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Table 5. Engagement comparisons among groups, Kruskal-Wallis

Intuitive students Sensing students

df H p Controla T1b T2c df H p Control d T1e T2f

OAi 2 1.69 .43 12.0 7.94 10.58 2 3.67 .16 12.83 13.27 19.88

OEj 2 1.73 .42 9.67 8.0 11.67 2 .563 .76 13.5 14.67 16.75

EEk 2 .96 .63 11.50 9.83 8 2 3.0 .22 14 13.07 19.38

ERl 2 1.66 .43 12.67 8.17 9.92 2 2.84 .24 10.08 15.6 17.56

EIm 2 1.33 .51 11.67 8.11 10.5 2 3.1 .21 9.92 17.3 14.81

Note, a. n= 3, b.n= 7, c. n= 6, d. n= 6, e n= 14, f n= 8, i Online Active, j Online Engagement,
k Emotional Engagement, l Effort Regulation, m Effort Invested.

accounted for 35.3% of the explained variability. From this, we conclude H4 is partially
confirmed.

Table 6. Comparison engagement and gameful experience between intuitive and sensing students

T1 group T2 group

t(21) p Intuitive Sensing t(12) p Intuitive Sensing

OAa −1.79 .08 2.13 ± .68 2.70 ± .65 −2.52 .02* 2.46 ± .54 3.25 ± .59

OEb −1.99 .05 2.41 ± 1.07 3.1 ± .61 −.06 .94 3.12 ± .70 3.15 ± .99

EEc −.74 .43 4.0 ± 1.74 4.4 ± .88 −2.54 .02* 3.64 ± 1.23 5.14 ± .97

EId −2.17 .04* 3.86 ± 1.2 4.74 ± .75 −.61 .55 4.5 ± 1.65 4.9 ± .80

ERe −1.28 .21 3.86 ± 118 4.5 ± .94 −.54 .59 4.13 ± .90 4.55 ± 1.68

ACf .108 .91 4.11 ± .71 4.02 ± 1.97 −1.63 .12 4.72 ± 1.9 6.0 ± .99

CHg .257 .79 3.22 ± 1.58 3.05 ± 1.59 −1.85 .08 3.64 ± 1.62 5.18 ± 1.40

PLh .591 .56 3.87 ± 1.32 3.45 ± 1.88 −1.37 .19 4.14 ± 1.64 5.27 ± 1.41

Note, aOnline Active, bOnline Engagement, cEmotional Engagement, dEffort Invested, eEffort
Regulation, fAccomplishment, gChallenge, hPlayfulness.

H5: LTs moderate gamification effect on students’ gameful experience in the course:
there will be differences between intuitive and sensing students in the treatment groups.
A T-test revealed no differences between sensing and intuitive students regarding their
gamified experience (Table 6), thus H5 is not confirmed.

H6: Our gamification designs differently contribute to ACP: ACP will be different
between sensing and intuitive students across the two treatment groups. The results
of the Kruskal-Wallis (Table 4) test showed no differences in ACP, thus the H6 is not
confirmed.

H7: Our gamification designs differently contribute to students’ engagement and gam-
ification experience: engagement and gamified experience will differ between students
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across the treatment groups. Table 7 showed OA of sensing students in T2 was statisti-
cally higher in comparison to sensing students of the T1 group. Further, sensing students
in the T2 group had a higher gameful experience. However, there were no differences
between intuitive students among T1 and T2 thus H7 is partially confirmed.

Table 7. Comparison of engagement and gameful experience of students with same LT

Intuitive Sensing

t(14) p T1a T2b t(19) p T1c T2d

OAa 1.04 .31 2.13 ± .68 2.45 ± .49 −2.39 .03* 2.7 ± .64 3.37 ± .52

OE b 1.57 .13 2.41 ± .07 3.14 ± .64 −.09 .92 3.1 ± .63 3.14 ± 1.07

EE c .31 .75 4.0 ± 1.74 3.75 ± 16 −1.86 .07 4.43 ± .90 5.24 ± 1

EI d −.62 .54 4.19 ± 1.1 4.06 ± 53 −.63 .53 4.62 ± .75 4.85 ± 85

ER e −.35 .72 3.87 ± 1.18 4.06 ± .85 .11 .91 4.74 ± .75 4.68 ± 1.78

AC f −.65 .52 4.26 ± 1.71 4.72 ± 1.88 −2.63 .004** 4.02 ± 1.97 6.0 ± .99

CH g −.50 .62 3.22 ± 1.58 3.64 ± 1.62 −3.18 .004** 3.05 ± 1.59 5.18 ± 1.4

PLh −.35 .72 3.92 ± 1.32 4.14 ± 1.64 −2.38 .02* 3.45 ± 1.88 5.27 ± 1.41

Note: * = p<.05, ** = p < .01, a n = 9, b n = 7, c n = 7, d n = 14, a Online Active, b Online
Engagement, c Emotional Engagement, d Effort Invested, e Effort Regulation, f Accomplishment,
g Challenge, h Playfulness.

7 Discussion and Conclusion

This study makes four primary contributions to the growing research on the GLT and
gamification. First, we introduced a theoretical rationale to the usage of LTs for the
identification of a learning-related behavior. Specifically, tendencies for the perception
learning dimension were discussed concerning how they shape student’ strengthens i.e.
weaknesses in solving practical or theoretical tasks. From this, a learners’ likely behavior
in the course is identified and used as a framework for gamification design. Second,
this study provides possible indications for the causal gamification effect explained in
GLT i.e. that gamification can produce change only if the targeted behavior can itself be
changed.Namely,GEswere incorporated in activities, that sensing students tend to avoid,
that is, in activities intuitive students by their nature tend to do.Hence, this study assumed
that the changewill happen only in the behavior of sensing students. This assumptionwas
indicated (H1andH2). Third, this study supports themoderatingGLT theory: 1) a sensing
tendency had a significant positive effect on students’ effort and interest in the T1 group.
This indicates that implementing TradingGE in learning activities that (sensing) students
tend to avoid, can increase their cognitive engagement; 2) sensing tendency increased
the usage frequency of learningmaterials (Online Active engagement) and had a positive
effect on students’ emotional engagement in the T2 group. Specifically, sensing students
expressed higher interest and enjoyment while interacting with PBL, in comparison
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to intuitive. To summarize, having a sensing tendency statistically improved students’
behavioral and emotional engagement in T2 and cognitive engagement in the T1 group.
Finally, by showing a significant difference in the effect of two gamified interventions on
students’ engagement and experience, this study highlights the importance of exploring
and comparingmultipleGEs tofind themost effective gamification design for a particular
user group [8]. Further, despite the ongoing criticism of using the PBL in gamification
intervention [11], this study showed that if designed properly, the PBL can positively
influence users’ engagement and experience.

Aside the contributions, we also identified limitations of this study. First, the subjec-
tive nature of the engagement survey may have shown an inaccurate engagement picture
and thus affected the H3 results. Next, because this study is a pioneer in investigating
LTs as personal moderators of gamification, it is not possible to state that the outcomes
of this study are generalizable, however, they do provide indications for further research.
Further, the extrinsic motivator (the bonus points) may affect students’ intrinsic moti-
vation. Also, since students were able to meet face-to-face during the course, there is
a possibility that they have discussed the gamified vs. non-gamified course version,
producing a possible bias. Finally, the empirical work is based on a comparative study
which concerns a limited number of students and for which the variables are not con-
trolled (random distribution in the different groups, influence of the conditions of the
tests, etc.). Therefore, the results obtained may be debatable and could be attributed to
factors other than those discussed (LTs).

To overcome these limitations and reduce the possibility of validity errors new inter-
ventions will be created. First, the PBL and the Trading systemwill again be applied, but
in a way to encourage intuitive students to behave ‘more like’ sensing students. If such
an environment succeeds in enhancing ACP and the engagement of intuitive students,
it will once again confirm that gamification can succeed only if it targets behavior that
can truly change. On the other hand, if no changes occur this will mean that PBL and
Trading GE do not affect intuitive students. Results like these would then require further
investigation for other GEs that can lead to improvement. Besides, results on the mod-
erating effect of LTs in a gamified environment that is adjusted to fit sensing students’
needs will provide broader knowledge on how LTs influence gamification outcomes
concerning different gamification design and to both ‘panes’ of perception dimension.
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Abstract. The creation of a strategic design tool to develop multidisciplinary
teams’ gamification capability can contribute to a better understanding of this
concept, stimulate collaborative work, and contribute to the ideation of creative
gamified solutions. In this context, the paper proposes a structured method - ‘7
P’s of gamification - which offers a broad and comprehensive perspective of gam-
ification based on a step-by-step process. It allows team members with limited
knowledge of gamification to understand it and start to use it in a real case sce-
nario. This method was tested in a fully online workshop that challenged four
teams (nineteen students in total) to ideate gamified solutions for a Lisbon munic-
ipality, which established the conditions and desired goals. The collaborative effort
between team members and facilitators during the entire process was supported
by digital collaborative tools (digital workspace and communication platform).
Before the workshop, a training session was conducted with all participants, fol-
lowed by a survey and semi-structured interviews, conducted immediately after
the workshop. Based on the findings, it was possible to conclude that participants
positively assessed the ‘7 P’s of gamification’ method. This type of approach
engages participants in the ideation process and facilitates the ideation of gami-
fied solutions. The presence of facilitators was also positively highlighted, which
reinforces the importance of having this type of ‘actors’ when conducting gami-
fication practices. Further research is needed to assess this method in other work
contexts as well as the influence on adoption, implementation, and outcomes of
gamification.

Keywords: Gamification · Ideation ·Management

1 Introduction

Gamification has been increasingly used in many areas of business attracting scholars
and practitioners [1–3]. However, many doubts remain about the actual influence of
gamification tools in work contexts. As referred by Morschheuser et al. [4] most gam-
ification efforts fail due to poor understanding of how gamification should be designed
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and implemented. Lack of managerial knowledge may also be a barrier to introducing
gamification in organizations [5]. Thus, adequate training on design processes [6] and
practical guidance on designing gamification solutions [4] seem needed.

Building on existing literature on gamification frameworks, a strategic designmethod
(the 7 P’s of gamification) was developed to help users ideate gamified solutions. More-
over, this method helps users understand the gamification concept, e.g., its principles,
benefits, applicability, and usability.

The method was tested in a two-week online event with the participation of four
groups of university students from several backgrounds (e.g., design, computer manage-
ment, marketing, and publicity). The event’s main goal was the ideation of a gamified
solution to a challenge set by the Lisbon municipality (hereinafter, LM). LM presented
the challenge and defined its conditions, rules (e.g., time, physical resources) and specific
goals. One week after, the ‘7 P’s of gamification method’ was presented to participants,
who had a week to explore ideas and the concept of gamification. The following week,
each team had four hours to work cooperatively in virtual rooms to ideate a gamified
solution and later present to LM. After the completion of the event, all participants were
invited to fill a survey to evaluate the gamification design method. Adding to this we
interviewed six of them and the representative of the LM.

This study provides critical contributions to the existing literature. The results suggest
that the use of this gamification strategic design process may contribute to enhance
and accelerate knowledge on gamification in organizational contexts and ideation. By
linking these two separate streams of literature, this study proposes that a structured
gamification process is essential to motivate and ensure that participants understand
the gamification concept when doing and facilitating ideation. Besides these theoretical
implications, it also provides some practical insights. This method facilitates the design
of gamified solutions in a short time, event with participants with limited knowledge of
gamification, by engaging participants in the ideation process. It also allows aligning
different participants’ perspectives in a gamification solution’s ideation.

This article is structured as follows. Section 2 reviews relevant literature on gamifica-
tion and ideation. Section 3 presents the gamification strategic design method. Section 4
presents the research methodology and Sect. 5, the results. Section 6 closes paper with
the discussion of findings, conclusions, and suggestions to further research.

2 Literature Review

2.1 Gamification on Management Field

Gamification aims tomotivate and influence people to change behaviours, develop skills,
drive innovation [7] and, essentially, to solve problems [2]. However, there are a lot of
barriers to introduce gamification in work contexts, as the lack of managerial knowledge
[5]. Hassan and Hamari [8] refer several gaps in understanding what gamification is,
if it effectively works, or how it can be applied. For instance, poor design gamified
experiences [3] and the use of inappropriate game design elements [9] can generate
conflicts, tensions [10] and social pressure over employees [11]. This reinforces the
importance of how to design inspirational gamified experiences [12] and to define the
desired goals and metrics to assess the gamified process [3].
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In the same line, Landers [6] claims for adequate training or knowledge of design
processes to legitimate gamification implementation. Also, Morschheuser et al. [4] call
for methodological insights on designing gamification. So, despite the existence of vari-
ous design approaches [13], there is still a lack of knowledge of the gamification concept
in the academic and business field and a lack of methodological guidelines to ideate,
design, and adopt gamification in work contexts. Particularly, the ideation stage has
received less attention in the building of gamified experiences which seems critical to
design gamified solutions [4]. Responding toMorschheuser et al. [4] call, this study pro-
poses a strategic design method that can be used by people with different backgrounds
and distinct levels of knowledge about gamification. This method follows a step-by-
step process to promote and increase participants’ understanding and experience about
gamification, stimulate collaborative behaviours [9] and encourage teamwork [14] to
facilitate the ideation of customized gamified solutions.

2.2 Ideation

Idea generation (ideation) has been studied in both fields of creativity and innovation
management [15] and is a key step to solve complex problems [16], and a key factor to the
success of organizations [17]. The increased generation of new ideas includes other types
of solutions (i.e., not only products and services) and has been expanding the traditional
sources of ideation [15, 18]. Moreover, some of the challenges for organizations in
the ideation stage lie in understanding the individual motivation of participants, the
best incentives for people to participate, and the quality of their inputs [18], which
reinforces the importance of how to measure the ideation quality [16, 19]. Björk and
Magnusson [15] state that to support and facilitate the ideation process, knowledge about
what influences the quality of the ideas created is critical what led them to suggest the
creation of ‘arenas’ to support and facilitate innovation to take place. The idea is to
enable the interaction between people increasing connectivity with other people inside
or outside the company, stimulate cooperation and creativity, and promote knowledge-
sharing. Diversity ofmembers (e.g. with different backgrounds) contribute to the process
of creating innovative proposals (ideation) [20]. However, despite unclear answers about
what it is the best option (i.e., formal or informal), this study follows a formalization
of activities providing a clear direction in the ideation stage [15], although taking some
risks such as missing of more peripheral opportunities.

Following, the next chapter describes the proposed gamification design method.

3 Ideation of Gamified Solutions with the 7 P’s of Gamification

Werbach and Hunter [21] suggest a design framework to develop gamified systems
constituted by six steps: define business objectives, delineate target behaviours, describe
players, devise activity cycles, don’t forget the fun, and deploy the appropriate tools.
Based on these guidelines and considering the importance of ideation stage to the process
of creating gamified experiences [4], a full online and strategic design method - 7 P’s of
gamification - was developed to train multidisciplinary people about gamification and
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Fig. 1. Elements of 7 P’s of gamification ideation method

to help them to ideate gamification solutions. The method is structured in seven stages
that are illustrated in Fig. 1.

Each step has a set of activities: (1) identify the Problem and the need for a gamified
solution instead of other solution; (2) identify the Players, i.e. the target audience, (3)
identify the ‘driving Purpose’ to engage the target audience and preserve their interest;
(4) select the Place (physical, online or both) where the game will be played; (5) define
the Procedures, i.e. rules, components, mechanics and dynamics; (6) design the Player
Experience i.e., the player journey; and (7) strategically build the Program Evaluation,
defining the main goals, key performance indicators, desired behaviours as well the
metrics and analytical tools to assess and monitor the gamified experience.

The method is delivered in a full online and collaborative design tool (Fig. 2).
Participantsmust go through every step but not necessarily in a pre-determined sequence.

Fig. 2. Collaborative and online environment

As illustrated in Fig. 2, the participants should check the explanations about each ‘P’
on the sidebar that was designed to be an encouraging and learning tool for participants.
It also allows the search of examples of game design elements, components, mechanics,
and dynamics [22]. As a result, it is expected an increase in the quality of suggestions
of potential gamified solutions to use in work contexts.

Current times increasingly call for online design processes. This method facilitates
cooperative work online allowing participants from different locations to brainstorm
ideas to achieve the best gamified solution. The collaborative screen (Fig. 2) has two
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blocks. On the right side, each ‘P’ has an available white space for teams to express their
opinions and ideas in a free and creative way. On the left side, the block is divided into
two parts. The block on top describes the challenge, i.e. the context, resources allocated
to the project, goals, and criteria to evaluate the gamified proposal. The part below of
left block is reserved for the presentation of the proposed solution in a structured way
covering and detailing each ‘P’. Videos, photos, slide presentations and other types of
files are welcome to strengthen the gamified solution proposal.

The 7 P’s of Gamification uses digital collaborative tools, e.g. a workspace for visual
collaboration and a video communication platform, to provide an immersive online
experience. It also includes facilitators specifically trained by the researchers to help the
teams with the digital tools and the 7 P’s gamification method and guide them along the
online process. Next, each ‘P’ is described in more detail.

Problem: In this first step, participants must identify the problem that needs to be
solved and why a gamified solution should be used. The right identification of the
problem requires an understanding of its nature and causes, which calls for participants to
research, collect and analyse data, namely about the organization that owns the problem,
the relationships between people and their needs, and the resources available (e.g., time,
budget, technology) for the gamified solution.

Players: An in-depth knowledge of the target audience, e.g. customers, employees, or
communities, is necessary to understand what drives them. Players are different and
what motivates one person may have the opposite effect on someone else [7]. Thus, it
is crucial to be aware of players’ personality types and individual characteristics [23]
when ideating a gamified solution.

Purpose: For gamification to effectively influence behaviours and psychological out-
comes [7], it is necessary to inspire affective responses [12] from players. To do so, it
is critical to design a gamified solution that fits the purpose of the organization and also
the purpose of players. Thus, the ideation must be player-centric so that players feel that
the gamification solution aims at producing results that answers their goals and concerns
and makes them part of the solution, thus ‘touching their hearts’.

Place: In this stage, the space where the gamified experience occurs is defined: it can be
virtual, physical (e.g., web andmobile applications, software, boardgame) or a combina-
tion of both [24, 25]. It provides the context where players will interact and engage with
each other, corresponding to the social dimension. Participants must analyse available
resources as they condition feasible alternatives.

Procedures: The engagement of the target audience cannot depend solely on extrinsic
motivators [7]. Gamification’s success calls for more intrinsic than extrinsic features.
Thus, it is necessary to define the type of gamification, e.g., content or structural [26]; the
rules, components, mechanics and dynamics; and if it will be a multiplayer or solitary
player [24].

Play (er) Experience: At this stage, the experience should be presented as a play jour-
ney [7] showing the architecture of the gamified solution, i.e., how it looks like and
which effects are expected. Gamification requires a strategic view [3] that considers the
specific circumstances where the gamified solution is needed and justified.



7 P’s of Gamification 151

Program Evaluation: The sweet spot for gamification [24] is achieved when organiza-
tions’ and the players’ goals are aligned: when players achieve their goals, organizations
also achieve theirs [7]. Thus, this alignment is a main aspect of gamification [3] and
deserves full attention during the ideation stage. To evaluate a gamified solution, it is
necessary to previously determine (i) the objectives (e.g., behaviours that need change);
(ii) what desired individual and business outcomes are we trying to achieve; (iii) appro-
priate metrics (as the progress of players) to measure its success; (iv) a revision cycle
to make adjustments to maintain players engaged with the experience, something that is
not always done after the implementation of gamification [27].

After ideation, if the organization’s decision-maker approves gamified solution, the
following steps are to prototype, implement e.g., test a pilot, and monitor the results [4].
Those steps are beyond the scope of this study.

4 Research Methodology

This study adopts an exploratory case study approach [28] to better understand the 7 P’s
of gamification as an online strategic ideation method. Specifically, this study seeks (1)
to understand the 7 P’s of gamification as a tool to the ideation of gamified solutions, (ii)
identify limitations, opportunities and suggestions to improve the 7 P’s of gamification
method to apply in work contexts, (iii) the importance of facilitators in the process,
and (iv) what are the motivations and expectations for using gamification hereafter in
organizational settings and individual level.

Case Study: The case selected was the ‘OnBoard’ event, where nineteen students from
distinct areas gathered in four multidisciplinary groups to answer a call to develop a
gamified solution for a problem proposed by LM. The teams used the ‘7 P’s of gamifica-
tion’, a method that was developed for and first used in this event to support participants
on the ideation of gamified solutions. Figure 3 presents an overview of the event.

Fig. 3. ‘OnBoard’ Event

Data Collection and Analysis: The study used a mixed methods approach, combining
data from an online survey, direct observations and semi-structured interviews [29].
Regarding direct observation, researchers were ‘silent’ observers along the event to
analyse how participants interacted with each other, with facilitators and with the 7 P’s
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of gamification; their notes were a relevant complement to interpret data from the survey
and the interviews. After the closing of the event, three participants and three facilitators
covering the four groups and a representative from LM accepted to be semi-interviewed
to get their perceptions about the process; participant interviews average 30 min and LM
interview lasted one hour. Also, 16 participants were surveyed about the outcomes of
participating in the ‘OnBoard’ event.

The data from the interviews was content analysed, a method that analyses written,
oral or transcribed texts [30]. NVivo 12 software was used, which is recommended for
this type of study [31]. Also, descriptive statistics was used to analyse data from the
survey. In the Results section, interviewed participants are identified as P2, P4 and P6,
facilitators as F1, F3 and F5, and the representative of LM as E1.

5 Results

Findings reveal the incipient diffusion of gamification concept, at least in the university
context of this event, as 38% of respondents did not know the term gamification. As lack
of knowledge can hinder the development and adoption of gamification, it is suggested
that organizations evaluate participants’ knowledge before launching a gamification
process.

Regarding the two stages i.e., the presentation of the event and the gamification
workshop, a 5-point Likert scale (1-not at all; 5-very much) was used for participants to
evaluate how motivating the challenge was and how useful was the work session about
gamification. Participants considered the challenge very motivating (mean: 4.69; SD:
0.48) and evaluated rather positively the workshop session (mean 4.44; SD 0,73).

The interviews reveal participant perceptions about the event, which is viewed as a
means to (i) encourage new ideas and creativity, (ii) contribute to the understanding of
the concept of gamification, and (iii) guide the participants on the ideation of a gamified
solution. As P4 says, “it was only after the presentation that I found a proposal that
turned out to be the final; it helped me a lot to organise my mind and to idealize how I
could come up with a viable solution, as it also ended up organising [my ideas about]
what gamification was. F3 considers that “with the workshop, the teams, in addition
to being more motivated, started working to find solutions, as well as understanding a
little bit about what gamification is and what are the steps, I think that helped a lot”.
In a similar vein, P6 believes that “the second moment was very important because it
explained what gamification is and what you expected from this project”. Thus, findings
suggest that events as the intermediate workshop are crucial to train participants about
gamification, making them more at ease and motivated to use it.

Participants were asked to evaluate their experience using a 1-10 scale (1-very neg-
ative; 10-very positive). 88% of respondents answered between 8-10, revealing a very
positive perception of the overall experience. When asked to rate the possibility of
recommending the 7 P’s of gamification using a 1-10 scale (1- not at all likely; 10-
extremely likely), 62,6% of respondents answered between 8 – 10, 18.1% answered 7,
6.3% answered 6 and the others 12,5% answered 4. These are encouraging results about
the use and recommendation of the ‘7 P’s of gamification’.
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The interviewees confirmed its usefulness on the ideation of a gamified solution
and revealed the factors for this positive evaluation: design (e.g., useful and easy to
work; referred by all) and guidance of participants (mentioned by P2, F3, P4, F5, P6);
motivation (mentioned by F3, F5), and objectivity, innovation, teamwork, integration
with digital tools and a holistic view (each mentioned by one interviewee).

From the perspective of the ‘customer’ of the gamified solution (the LM representa-
tive), the proposed method is well structured and facilitates the creative and cooperative
work of teams as well the presentation of all gamified solutions. In his own words, “I
recognize two advantages immediately: one is that it is a set of structured steps that
stick in the memory and the other is that they [the steps]focus on specific gamification
issues. I had never even seen a methodology that addresses this various concepts and
that made a lot of sense for the practical case; if I were to present solutions, the subjects
that I would like to address are all defined in this methodology” (E1). Interviews with
participants and researchers’ observation revealed interesting factors about the role of
facilitators. Their role is based on more experience and knowledge about the topic and
leadership skills. Essentially facilitators’ role comprises helping, supporting, and moti-
vating the participants as well as offering other perspectives to solve problems and find
solutions. This reveals the importance of adding this role of facilitators with the ‘7 P’s
of gamification’ in the ideation stage of designing gamified solutions.

To get a full evaluation from participants, the interviewees were asked to identify
possible caveats in the use of the method. Findings reveal aspects that can limit its
use even if they are not dimensions of the 7 P’s of gamification alone; here, the most
prominent difficulty was the learning curve of digital tools (F1, P2, F3, P4) that is distinct
for each participant, followed by the short duration of the experience (P2, F3), and the
lack of early availability of the digital workspace (F3) or even restrictions of digital
workspace e.g., zoom amplitude (P4, F5). Other limitations are related with doubts
about specific steps that delayed the overall understanding of the method (P2, P4). F3
also identified a lack of competences of some participants in this level of complexity.

As both the method and this study have an exploratory nature, suggestions from
participants on how to improve the 7 P’s of gamification were collected. As expected,
some suggestions are linked with the identified caveats. Interviewees provided the fol-
lowing ideas of improvement: add one more workshop about gamification to gain more
experience, provide the digital workspace earlier to facilitate their use and to make par-
ticipation and to brainstorm easier (referred by F1, P2, F3, F5); review some aspects of
the design (e.g., space extra to write, revision of texts about the P’s, namely the exten-
sion; referred by F5); include more participants with different backgrounds to leverage
multidisciplinary skills and perspectives to benefit the final solution (F1); increase the
duration of the event (F1, P6); test the 7 P’s in an analogical and physical environment
(F5); and test integration with other digital tools (P4). The survey provided some addi-
tional suggestions, as follows: “Placing extra space for extra work” (R1); “the only
change I would make would be the way of presentation…otherwise, I loved the method-
ology used.” (R7); “I really loved having participated in the project! I just believe that
like many, I was unaware of the digital tool, we could have had a little more time in the
workshop” (R11). It confirms the need for revision and the opportunity to improve the
‘7 P’s of gamification’ method and the overall participant experience.
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Moving from the ideation to the future use of gamification in work contexts, inter-
viewees expect to have the opportunity to create or customize gamified solutions to
produce innovative solutions. F5 states that “I think it makes perfect sense and it makes
the work of organizations much easier and it can thus create very interesting ideas for
the company and also for the consumer”. Survey results confirm the interest of gamifi-
cation to solve organizations’ problems (mean: 4.13; SD:0.81, in a 5-point Likert Scale).
This reveals the importance of extending the training of gamification in educational and
business contexts to help people get better results with gamification tools.

As to the use of gamification in organizations, the representative of LM believes that
to adopt and implement gamified solutions successfully, organizations should have (i) a
‘champion’ who owns the gamification project; (ii) a proper organizational context (e.g.,
culture, leadership, adequate work environment), (iii) a voluntary participation strategy
and (iv) a strategic and long-term vision to gather positive results. In his own words,
“the implementation phase implies that organization has someone, a ‘champion’ who
takes this forward, believes and has resources and power for that” (E1).

6 Discussion and Conclusions

This exploratory case study unveils the perceptions of participants in the first ‘7 P’s of
gamification’ event, an online and strategic method to ideate gamified solutions. This
method integrated with digital tools (e.g., digital workspace and communication plat-
form) follows a design process to help people, either internal or external of organization,
with distinct backgrounds and levels of expertise on gamification to collaborate in the
ideation stage of a gamification process. In line with existing concerns about the quality
of ideas [19], the ‘7 P’s of gamification’ looks for quality rather than quantity of gami-
fied solutions, which can be achieved with the use of a structured process, as the method
proposed in this study.

The main goal of the paper was to evaluate the ‘7 P’s of gamification’ as a tool to
ideate gamified solutions, namely, to identify its strengths and areas of improvement,
and its potential of application in organizational and work contexts. Findings show a
very positive evaluation from participants. The study supports the idea that the quality
of gamified solutions benefits from the use of this type of approach, as it helps, guides
and engages participants in the gamification’ ideation process. Results also confirm
that increasing the knowledge about the gamification concept facilitates the creation of
gamified solutions in a short time. This contributes to answer to Landers [6] concerns
about the need of adequate training to legitimate gamification implementation.

Another interesting finding regards the importance of facilitators, which emerged in
this study as a consensually recognized means to facilitate collaboration and encourage
innovation [7], help with technology, explain the gamification concept, explore the 7 P’s
of gamification’s usability and flexibility, motivate teams to cooperate and guide them
to achieve a gamified solution. Despite the global positive evaluation, some caveats
(above all technical) and suggestions were identified, which encourage practitioners and
researchers to improve, use and test this design method, e.g. in work contexts.

At the end of the event, participants were rather receptive to adopt gamification to
solve problems in organizational contexts. It is important to recall that this was their
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participation in the ideation of a gamified solution. This suggests that more training
and knowledge on gamification is an effective way to promote good practices, avoid
misalignments and misunderstandings as argued by some authors [3, 6], and foster its
use.

Finally, the results of this first test in an educational context reveal the importance of
the ideation stage on the development of gamified solutions, in line with Morschheuser
et al. [4] encourage additional research, namely the validation of these findings in orga-
nizational and work contexts. For instance, researchers may focus on the role of middle
managers as facilitators of the ideation process and, more broadly, of the adoption and
implementation of gamification solutions. Future work may take the ideation output (i.e.
the gamified solutions) of the ‘7 P’s of gamification’ method to the following phases
of a gamification process: prototyping, implementing and monitoring, as a way to test
its effectiveness and potential to leverage the use of gamification. Finally, this study
envisions the ‘7 P’s of gamification’ to be used in a multidisciplinary and bottom-up
approach, e.g. in a collaborative process between MM of different departments. Future
research may compare this bottom-up approach with top-down approaches (e.g. gami-
fied solutions imposed by top managers), in terms of process and of organizational and
individual outcomes of the gamification experiences.
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Abstract. This paper presents an analysis of the general concept of motivation
and how it is fostered in gamified solutions for learning, particularly in the con-
text of self-determination theory. The analysis leverages academic literature on
the topics of motivation, player engagement, basic psychological needs, and the
ability of videogames to potentially satisfy these needs. Specifically, the paper con-
tributes to the field of game-based learning by (1) proposing a correlation between
gamification achievements and basic psychological needs, as derived from self-
determination theory, (2) analysing an already effective game-based learning plat-
form (SOLOLEARN) for mechanics that do – and that do not – contribute to the
basic psychological needs of individual users.

Keywords: Gamification · Self-determination theory · Adaptive gamification ·
Gamification design

1 Introduction

In recent years, one may observe a rapid increase in adopting gamified solutions for
non-gaming contexts (i.e., the use of gamification and game mechanics for purposes
other than entertainment) [1]. Repurposing of such gamification techniques is typically
aimed at supporting and enhancing a user’s motivation, creating engagement for specific
activities of everyday life, and fostering the training of specific skills. More specifically,
the diversity of domains in which gamification is adopted is noteworthy; from personal
improvement to learning, from business training to marketing. As a result, the target
audience of gamified solutions is highly diverse too. As gamification deals with motiva-
tion, it has to be taken into account – when designing gamified solutions – that distinct
people are usually motivated by different things in different ways, and therefore, by
distinct game interactions (i.e., as resulting from distinct game mechanics like rewards,
achievements, etc.).
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Indeed, many scholars have investigated the nature and origin of human motivation,
highlighting a difference between the motivation that arises from the individual, com-
pared to that which is fueled by the desire to achieve an external goal [2–4]. Behaviourists
considered behaviour as the result of the stimulus-response relation [2] and the studies
carried out by Skinner introduced the concept of reinforcement [3], as a fundamental
element that fosters the acquisition and performance of a specific behaviour. As stud-
ies about the psychology of motivation developed, it was indicated that reinforcement
was typical of extrinsic motivation. White [4] in 1959 stated that behaviour is driven by
innate psychological tendencies, in particular, competence. Activities and behaviour per-
formed to satisfy these psychological tendencies are considered byWhite as intrinsically
rewarding and satisfying [2].

LeveragingWhite’s work, Ryan &Deci analysed intrinsic motivation [5] and identi-
fied the psychological needs that, according to self-determination theory (SDT), are the
basis of a users’ intrinsic motivation1. At its core, SDT proposes that three main intrinsic
needs are involved in self-determination of an individual; needs which motivate the self
to initiate behavior and specify nutrients that are essential for psychological health and
well-being. These needs are considered to be universal and innate, and concern the need
for competence, autonomy, and social relations (relatedness). Ryan et al., building upon
the foundation provided by SDT, extensively investigated how motivation is fostered in
video games, and concludes that players may indeed experience gameplay as an intrin-
sically rewarding experience [6]. Follow-up studies by Przybylski et al. [7] and Ryan
et al. [8] strongly argued that the video game medium, because of the experiences that
it often creates for its users, may perfectly fit and satisfy the three basic psychological
needs of SDT: autonomy, competence and relatedness [7, 8].

As we will show in the remainder of this article, one may safely assume that the
basic psychological needs that are essential for creating intrinsically motivating video
game experiences, are indeed similarly important for creating intrinsically motivating
gamified learning experiences. In the upcoming sections, we will specifically contribute
to the field of game-based learning by (1) proposing a correlation between gamification
achievements and basic psychological needs, as derived from self-determination theory,
(2) analysing an already effective game-based learning platform (SOLOLEARN) for
mechanics that do – and that do not – contribute to the basic psychological needs of
individual users. This study represents the first step of a broader research that intends
to investigate if adaptivity in gamification, based upon the satisfaction of the basic
psychological needs can improve the effectiveness of gamified solutions.

2 SDT and Motivation in Video Games

According to self-determination theory (SDT), personal growth andwell-being of people
are dependent on the satisfaction of three basic psychological needs [5], namely auton-
omy, competence and relatedness. Focusing specifically on video game experiences,
studies have examined the ways by which video game engagement shapes psychologi-
cal processes and influences well-being [7], and have indicated that both the appeal and

1 The topic of intrinsic motivation itself is explored in more detail by cognitive evaluation theory
(CET); one of the six sub-theories of which self-determination theory (SDT) is composed [5].
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well-being effects of video games are based in their potential to satisfy basic psycho-
logical needs for competence, autonomy, and relatedness [8]. The question that Ryan
et al. attempts to answer is “Why do so many people spend so much time engaged in
video games?” The first answer is that videogames are typically fun – unsurprisingly
– but, more specifically, the engaging power of videogames lies in the experiences they
provide [7]. The research carried out in order to apply SDT – and in particular SDT’s
sub-theory called cognitive evaluation theory (CET) [5] – to the domain of video games,
illustrates that when autonomy and competence are supported through gameplay, video
games were significantly more enjoyable and satisfying for players [9]. Subsequently,
the study reveals that games with substantial social components such as Massive Mul-
tiplayer Online Role Playing Games (MMORPGs) were also able to satisfy the basic
psychological need for relatedness.

It is important to note that, of course, other perspectives on video game motiva-
tion exist. A highly influential model that is applied to games in the communications
domain, is the uses and gratifications theory [11], upon which Sherry and Lucas [12]
have built a statistically validated taxonomy of reasons that individuals hold for engag-
ing in video games (i.e., competition, challenge, diversion, fantasy, social interaction,
arousal). However, an essential point to make about taxonomies that are focused on a
player’s individual goals for engaging in video games, is that SDT has a long tradition of
showing that people’s goals, even when fulfilled, do not always yield need satisfaction,
and therefore do not always predict persistence or well-being outcomes [13].

Autonomy. The first of the three needs identified by the SDT and analyzed in relation
to games is Autonomy [5], namely the sense of willingness in accomplishing tasks: the
more the interest in the activity derives from personal interests, the higher is autonomy
[5, 8]. This basic psychological need is fostered in video games, for instance, by provid-
ing choices, by using rewards as informational feedback or by giving non-controlling
instructions. On the other side, all mechanics that implies lack of choice, control or
freedom are perceived negatively and can undermine intrinsic motivation [8]. In regard
to video games, the choice of playing a specific game, or to play a game at all, is already
a manifestation of autonomy. But, at a deeper level, autonomy must be fostered through
gameplay design choices: game designed to allow flexibility (and therefore the chance
for the player to strategize), to offer the possibility to make significant choices over tasks
and goals, and to assign rewards structured to provide feedback, are more effective in
fostering autonomy than games that don’t include those design elements.

Competence. The second basic psychological need analyzed in SDT is Competence,
that is fostered by the chance to acquire new knowledge, skills or abilities, by the possi-
bility to receive positive feedback and to participate in optimally structured challenges
[5]. In games, the need for competence is largely satisfied: most gameplays are based
on player’s competence to accomplish game missions.

Relatedness. The third basic psychological need discussed in SDT is Relatedness,
namely the feeling of being connected with others and to be relevant in the commu-
nity [5]. This need is often satisfied in games where the multiplayer option is present or,
even mostly, in MMORPGs, founded on the simultaneous interaction among players.
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3 SDT and Motivation in Gamification

Focusing more specifically on gamification and game-based training, it is important to
note amajor distinction to video games. To reiterate, Ryan et al. [8] observes that the SDT
basic psychological needs may be satisfied by video-game playing, and therefore can
be considered predictors of enjoyability and engagement during the gaming experience.
However, the choice to start playing a video is typically autonomous, and as such,
intrinsically motivated – yielding an experience that is distinct to one that is initiated by
force, coercion, or other external stimuli [7, 9]. This suggests a substantial difference
between typical gamification & game-based training, and video games for two reasons.
First, participation in gamified activities is not always voluntary, since performing these
activities is often mandatory (e.g., in learning contexts). Second, users that engage in
gamified activitiesmaynot experience the activities as play (but, e.g., as training); thereby
imposing substantial constraints on the subjective experience – and by implication, need
satisfaction – of the player.

Considering that activities targeted by a gamification strategy often cannot be
changed, as they generally are part of, e.g., a predefined training programme, a nat-
ural avenue for enhancing the effectiveness of gamified training programmes is to more
directly target need satisfaction of the individual user [5]. Analogously to how user
retention and general satisfaction in video games is often facilitated by considering indi-
vidual differences between players – e.g., via dynamic difficulty adjustment (DDA) [15]
and experience-driven procedural content generation (EDPCG) [16] – one may investi-
gate to what extent individual preferences for the satisfactions of distinct psychological
needs can be modeled automatically from training interactions, and to what extent such
a model can be used to automatically adapt gamification strategies to the individual user.

As a first step towards this overarching goal, we will now explore how distinct types
of gamified achievements may be related to SDT psychological needs, and how these
relationships can be exploited to the designer’s advantage.

3.1 Gamification Achievements and Need Satisfaction

Here, we explore the relationship between gamification achievements and basic psy-
chological needs – as derived from self-determination theory – and propose a (general)
correlation table based on academic literature (Table 1). Taking input from SDT basic
psychological needs, Kapp defined a taxonomy of achievement in games and gamifi-
cation [17]. We build upon this taxonomy as a starting point to construct an analysis
which includes the most commonly used achievements in gamification and show their
expected impact on the three basic psychological needs of SDT.

For each achievement area of impact, we will now discuss the expected impact on
the three basic psychological needs of SDT. The discussion is summarized in Table 1;
different achievements impact distinctly on the three basic psychological needs: in some
cases, they are satisfied (+), in others they have negative impact (−) and in still others
no specific impact may be expected (NA).

• Evaluation achievements, and more specifically measurement ones, are strongly
related to users’ performance in accomplishing a target activity. On one side, this
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Table 1. General correlation table of gamification achievements in relation to SDT basic
psychological needs. Different achievements impact distinctly on the three basic psychological
needs: in some cases, they are satisfied (+), in others they have negative impact (−) and in still
others no specific impact may be expected (NA).

Area of impact Achievement type SDT Basic psychological needs

Autonomy Competence Relatedness

Evaluation Measurement −/+ + NA

Completion Cf. completion contingent achievements

Completion Performance
contingent

– + NA

Non-Performance
contingent

NA NA +

Goal orientation Performance oriented NA + NA

Mastery oriented + + NA

Predictability Expected + + NA

Unexpected NA NA NA

Functionality Cosmetic + NA +

Functional + + NA

Flexibility Achievement as gift – NA +

Achievement as
currency

+ + NA

Clustering criteria Incremental NA + NA

Meta-achievements – + NA

Competitiveness Competitive + + +/−
Non-competitive NA + +

type of reward is perceived as strongly controlling, but the evaluative nature of the
achievement, necessitating competence to be awarded, softens its controlling side
[8, 13, 17, 18]. Evaluation achievements are very close in their function to posi-
tive feedback [18], considered effective in fostering intrinsic motivation. Completion
achievements, namely achievements awarded just for participating in an activity, are
examined in the Performance area of impact.

• Completion includes the two types of achievements that aim at giving to the player
feedback just for participating in an activity, without evaluation. As measurement
achievements, performance ones are awarded for completing activities that require
competence, hence the perception of control is balanced by the need for competence
[8, 13, 17, 18]. On the other hand, non-performance achievements are perceived as
strongly controlling and therefore not fostering intrinsic motivation [8, 13, 17, 18].

• Goal Orientation area of impact is referred to the reasons why users are involved in
target activities included in a gamified solution.Performance contingent achievements
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are similar to evaluation achievements and are awarded in relation to howwell a player
performs in a single task [17]. On one side, this is perceived as controlling, but the
evaluative nature of the achievement softens the controlling side [8, 13, 17, 18].
Mastery oriented achievements are awarded in relation to the effort the player puts
in a task with the main objective to get better at it, in the long period [17]. The will
to improve one’s skill is mostly autonomous, and the final objective is competence,
for this reason mastery-oriented achievements are mainly perceived as supporting
motivation [8, 13, 17, 18].

• Predictability is the area of impact that makes explicit the relation between task
performance and achievements. Expected achievements are directly related to the
target activity, and therefore can be perceived as controlling [18], while unexpected
achievements are totally unrelated to the target activity, and hence considered having
no impact on intrinsic motivation [18].

• Functionality area of impact does not consider the nature of the reward, but rather the
use of the reward that can be done within the gamified system. Established that both
cosmetic and functional achievements are material achievements [18], they can have
different roles within the gamified system. Cosmetic achievements can be exhibited,
and as a consequence have meaning in the social context of the activity, enhancing
relatedness [8, 13, 17]. Functional achievements, on the other hand, given their poten-
tially strategic role in the gamified system, offer to users the chance to strategize, and
therefore take advantage of competence.

• Flexibility area of impact is similar to the Functionality one. Achievements as gifts are
awarded as a consequence of a target behavior, which may reasonably be expected to
be perceived as controlling [18]. On the other hand, achievements as currency give to
users the chance to use that currency according to their own will, fostering autonomy
[8].

• Clustering criteria area of impact includes achievements that, although perceived as
controlling [18], require competence to be awarded [8, 13, 17, 18].

• Competitiveness area of impact achievements can be competitive or non-competitive.
Both of them have impact on competence, required to carry out the target activity, but
have a slightly different impact on relatedness [8, 13, 17].

4 The SOLO LEARN Case Study

To provide an illustrative example of how the general correlations that are summarized
in Table 1 can be utilized, we here present a case study of the popular and effective
SOLOLEARN training platform for learning how to code2. We will show that – while
SOLOLEARN is rated by gamification scholars among the best gamified applications
for learning [19] – it still falls short in catering for specific psychological needs. In
the case study, we will highlight potential venues for improvement, which indeed can
reasonably be assumed to be applicable for other gamified applications for learning.

SOLOLEARN is a mobile application for learning coding skills, with elements
of gamification as support for users’ motivation. Specifically, here we examine
SOLOLEARN Pro Version’s training structure and achievement system, analyzing it

2 Application website: https://www.sololearn.com/.

https://www.sololearn.com/
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in light of the investigated correlation between achievements and SDT basic psycho-
logical needs (cf. Table 1). We decided to analyse The Pro Version of the application
because it includes all the gamified features available for learners.

• Evaluation achievements: In SOLOLEARN there are no measurement achievements.
The user performance is not evaluated in any way. Completion achievements, on the
other hand, are extensively used (cf. Completion).

• Completion achievements: In SOLOLEARN all achievements are performance-
contingent, meaning that there is no evaluation of the performance, but competence is
required in order to solve exercises correctly. Users have to complete small exercises
in order to gain experience points, that can then be used to level up and to buy hints.
Solving exercises requires competence, but there is no difference in the amount of
experience gained, based on the evaluation of the performance. Exercises have just
two status: correct and incorrect. Non-performance contingent achievements are used
in some cases in order to encourage the user to perform basic tasks: for instance, it is
possible to obtain a badge just for verifying the email address or to complete a course.

• Goal Orientation: In SOLOLEARN it is possible to set daily learning goals. Different
types of goals are available, depending on the amount of time users chose to spend
studying, (from 5min to 60min per day). Even though the application’s final objective
is supposed to be the mastery of the subject, there is no sense of progression in the
learning path toward it, since all achievements are performance-contingent and there
is no evaluation of performance nor increasing exercises difficulty.

• Predictability: All achievements in SOLOLEARN are expected.
• Flexibility: The main achievements in SOLOLEARN are badges and experience
points. Considering their characteristics, badges can be considered as achievements as
gifts, while experience points can be considered as currency, since they can be spent
to buy hints during exercises, even if the only choice available is whether to spend
them or not.

• Functionality: In SOLOLEARN, badges can be considered as cosmetic achievements,
since their role is just to showothers (and oneself) the goals achieved in the application,
set by the application itself. Experience points, as previously stated in Flexibility, can
be considered as functional achievements, since they can be spent to buy hints. In spite
of that, it has to be considered that there is just one way to spend experience points,
therefore the level of strategy applied can be considered to be low.

• Clustering criteria: In SOLOLEARN experience points seem to be not incremental,
since it is not possible to infer the amount of experience points gained for each exercise
correctly done. On the other hand, badges, occasionally, require the user to perform
the same task incrementally (e.g. at first 5 times, then 10 and so on). There are no
meta-achievements in the application.

• Competitiveness: Experience points and badges can be achieved both performing
individual exercises/tasks, at the end of every learning fragment, and competing with
other players answering questions about the course topics.

4.1 Autonomy in SOLOLEARN

In SOLOLEARN, as inmany different gamified applications or activities, themajority of
achievements may reasonably be expected to be perceived as controlling, and therefore,
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not fostering autonomy [18]. Furthermore, the only choice given to the user is the topic
to be studied. Badges are predefined and are obtained through the same sequence of
activities by all users; it is not possible, for instance, to decide how to achieve a specific
goal: it can be achieved only in one way, and it is the same for everyone. Furthermore,
it has to be considered that not everyone has interest in reaching the same objectives or
goals. As investigated by Ryan et al., in fact, there are not only different reasons behind
the choice to pursue a specific goal [13], but also a different preference for them, accord-
ing to the individual value assigned to the goal itself [13]. While previous motivation
theories considered motivation and amotivation as the only two states possible, SDT
states that the quality of motivation depends on the degree of autonomy or control that
impact on the behavior3 [13].

Usually, gamification reward structure, as it is also in SOLOLEARN, leverages
above all on external and introjected extrinsic motivation, since the rewards are totally
separated from the activity itself. These are the extrinsic motivations with the lower level
of autonomy, and therefore the less effective in fostering autonomy.

4.2 Competence in SOLOLEARN

Competence is usually the basic need mostly taken into account in learning gamified
apps, and this is also true for SOLOLEARN, it having as primary objective to support
users in acquiring new knowledge. However, we argue that for the adopted gamification
mechanics in SOLOLEARN this is not the case.

That is badges are used as feedback to acknowledge competence, in some way, but
most of the time they are used just as milestones in a highly controlling manner. To have
gained a badge for completing a learning unit, for instance, doesn’t mean necessarily to
have acquired knowledge (or competence): as discussed, no measurement achievement
is adopted. Furthermore, the effort undertaken by users is not taken into account: do I
deserve/would I like the same badge of a person that had less difficulty than me to learn
something (or to accomplish a given task)? And vice versa. Considering the different
perception of a task being boring or interesting (cf. [13, 17, 18]), the level of satisfaction
perceived for receiving that same feedback, or reward, probably will be different and,
consequently, the level of motivation in proceeding through the learning path can be
expected to decrease.

3 Autonomous behaviors are shown to have a highly positive impact onmotivation [13], compared
to controlled behaviors. What is indicated is that the amount of motivation derived from a
person’s being autonomous or controlled can be exactly the same, but what really changes is
the quality of the motivation [13] and this difference has a significant impact at a functioning
level [13]. Two persons can indeed perform the same task with the same engagement, but for
different reasons: one motivated by interest, engagement and enjoyment, the other one because
of the fear of punishment or to satisfy other people [18]. The result will maybe be the same
but there is a substantial difference. Motivation can thus be intrinsic or extrinsic, according to
the locus of causality [13]: while with intrinsic motivation, both in achieving the fixed goal
or in performing a specific behavior, the reward is the enjoyment of performing the activity
itself, extrinsic motivation foresees an external reward, that is separated and has no necessary
correlation with the activity itself [5].
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The other gamified element in SOLOLEARN that has an impact on competence
need-satisfaction, is the chance to start a challenge, and to confront another player using
a specific knowledge as “weapon” for the confrontation. This is a good way to test the
acquired competence but can have a side effect in discouraging the losing user. Also,
the consequences of the challenge should be interesting for the player, otherwise it risks
becoming just a meaningless confrontation to obtain a badge.

What has been said about objectives and goals in regard to the autonomy basic psy-
chological need, is true also for competence but with a lower impact on the effectiveness
of external and introjected motivations [17].

4.3 Relatedness in SOLOLEARN

Only limited functionality is included in SOLOLEARN that may cater for the need of
relatedness. In SOLOLEARN it’s possible to interact with other people, in an asyn-
chronous way, for instance by posting code projects and receiving comments from other
users, by discussing with peers about micro-unit topics and by starting one-on-one chal-
lenges about a chosen topic. By accomplishing tasks referred to interaction with others,
users can also obtain experience points and specific badges. While this for sure helps
people to feel related with each other, on the other hand compel to interact also with
people who do not typically display a strong need for relatedness, or that would like
to relate to others in different ways, like cooperate for a common purpose for instance,
rather than competing. This choice is not available.

5 Conclusions and Future Work

This paper presents an analysis of the general concept ofmotivation and how it is fostered
in gamified solutions for learning, particularly in the context of self-determination the-
ory.Theanalysis leveragedacademic literatureon the topicsofmotivation, player engage-
ment, basic psychological needs, and the ability of videogames topotentially satisfy these
needs.Specifically, thepapercontributes to thefieldofgame-based learningby(1)propos-
ing a correlation between gamification achievements and basic psychological needs, as
derived from self-determination theory, (2) analyzing an already effective game-based
learning platform (SOLOLEARN) for mechanics that do – and that do not – contribute
to the basic psychological needs of individual users. While the findings are drawn from
a case-study with the SOLOLEARN environment, they may reasonably be expected to
apply to other game-based learning environment too.

Furthermore, it could be beneficial to highlight that, in order to design an effective
reward system, it is recommended to distinguish boring tasks from interesting ones [13,
17, 18]. As stated by Deci, Koestner &Ryan [18], indeed, tangible achievements, in con-
trastwithpositive feedback, are effectivewhen the taskperformed is consideredboringby
users [13, 18]. This can be considered a limitation, since gamified activities target an het-
erogeneous audience, especially in the case of learning activities, a task is not interesting
or uninteresting to everyone in the sameway.
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For future work, we will investigate to what extent individual preferences for the
satisfactions of distinct psychological needs can be modeled automatically from train-
ing interactions, and to what extent such a model can be used to automatically adapt
gamification strategies to the individual user.
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Abstract. Bloxxgame is a software tool evolving from a whiteboard-based
blockchain game to a web-based simulation game with a variety of teaching
scenarios. It is a simulation of a public blockchain, mostly similar to Bitcoin.
Each player acts as a node with all possibilities of creating coin-transactions and
blocks as well as the capability to experience the consensus algorithm by check-
ing transactions and blocks. Bloxxgame supports experience-based instruction of
blockchain concepts and can be used in class or for online teaching. Moreover, the
simulation offers students the opportunity to experiment with all relevant opera-
tions of a blockchain such as signing, creating transactions, block building, etc. In
this paper, we aim to share our practical experiences from teaching the emerging
technology of blockchain to business or business information technology students
on Bachelor and Master level applying a newly developed gamified teaching app-
roach. The research was guided by the methodology of design-based research.
We elaborate the process starting from problem identification, to designing the
bloxxgame tool and demonstrating its applicability in the 2020 Corona lockdown.

Keywords: Teaching blockchain · Gamification · Design-based research

1 Introduction

In this paper, we present a structured analysis of five years of experimenting with various
blockchain simulation scenarios in classroom. The result is a teaching solution we name
bloxxgame. Bloxxgame is a software tool, which was developed from a whiteboard-
based blockchain game in classroom to a web-based simulation game with a variety of
teaching scenarios. It is a simulation of a public blockchain, mostly similar to Bitcoin,
in which each player acts as a node with all possibilities of creating coin-transactions as
well as blocks. Bloxxgame enables students to learn the consensus algorithmby checking
transactions and blocks. It supports experience-based instruction of blockchain concepts
and can be used in class or for online teaching. Moreover, the game offers students the
opportunity to experiment with all relevant operations of a blockchain such as hashing,
signing, block building, etc. The game experience supports the understanding of the
abstract and complexblockchainmechanism.This is especially the case for the consensus
algorithm, which bloxxgame simulates very closely.
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This paper summarizes the first teaching experiences, especially in the 2020 Corona
lockdown, where it was used for instruction and as examination tool in a blockchain
elective course. In addition, an outlook to further research on the impact of this tool, and
to next steps in the development are provided.

2 Methodology

The methodology used to develop this teaching tool comes closest to design-based
research [1]. This method is appropriate to the complexity of teaching blockchain and
building artifacts. It is a common approach in information system research, which is
another argument for this method, as we look at blockchain in regard of its role in this
field. According to Pfeffers et al. [2], the research design consists of the following steps:

1. Problem identification and motivation; 2. Objectives of a solution; 3. Design and
development; 4. Demonstration; 5. Evaluation; 6. Communication

Although the research design is nominally ordered and structured, the research pro-
cess often does not follow these steps in a linear order [2]. In this ex post report of our
research, the chapter sequence follows the six-step structure. Nevertheless, throughout
the real research process, we made different loops and side steps. This paper is neither
a general introduction to blockchain, nor a user manual for bloxxgame. The description
of the software and its functions are restricted to the minimum, which is necessary for
the explanation of the design process. Details about bloxxgame are available at: https://
bloxx-wiki.herokuapp.com/.

3 Problem Identification and Objectives of the Solution

Although blockchain has been used and taught for a couple of years, it remains a very
abstract concept, mostly described by its properties such as distributed ledger or storing
transactions in blocks. To understand these blockchain elements, cryptographic functions
such as hashing or signing must be introduced. When the term ‘mining’ comes up,
explanations become harder. Building a block of transactions, solving a hash puzzle,
attaching it to the longest valid chain and creating new cryptocurrencies, etc. are complex
subjects. Finally, when the ‘consensus algorithm’ must be explained the gap between
reality and abstraction grows even more. This is due to the dynamics emerging from the
interaction of many independent actors following the rules of the consensus protocol.
However, the mechanism or protocol of a blockchain is a complex, dynamic process,
which involvesmany elements in variousways.Onlywhen the interaction of the elements
is recognized, the mechanism of blockchain can be fully understood.

Following Dettling [3] in “How to Teach Blockchain in a Business School”,
blockchain courses can address three dimensions: First, the building blocks of
blockchain, which are necessary to understand the basic mechanism of blockchain.
Topics such as hashing, signatures, consensus algorithm, etc. belong to this category.
Second, the relevance or the impact of blockchain in business, which is for the time being
represented by topics such as cryptocurrencies, smart contracts, legal issues, etc. Third,
the applications of blockchain where nowadays most blockchain startups are active and

https://bloxx-wiki.herokuapp.com/
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which is a very dynamic field.Here, almost each industry has its own ecosystem requiring
specific solutions for various use cases.

We focus on the first dimension, the mechanism of blockchain. This by the con-
viction, that a basic understanding of blockchain is a necessary precondition to fully
understand the impact and application of blockchain. This assumption could change in
the future, when blockchain has been universally adopted and seamlessly integrated into
software systems. Today, software developers and business strategists are still searching
for another ‘killer’ application besides Bitcoin. Consequently, qualified knowledge is
still necessary to make strategic business decisions aiming at the use of blockchain. As
our developed teaching approach incorporates gamification, the next section will focus
on reviewing the relevant literature in this field.

3.1 Literature Review

Background of Gamification as Teaching Approach
To understand the term gamification, it is necessary to turn to the origin of this concept,
namely the play. Piaget [4], a pioneer and enduring influencer in educational research,
laid the foundations for integrating the idea of ‘play’ into didactic scenarios. He was the
first to introduce the theory of constructivism, a learning situation in which the learners’
knowledge and meanings are ‘constructed’ through the interaction of their ideas and
experiences. Constructivist learning presupposes the necessity of experiential learning
through social interaction with the environment and peers [5]. A statement of Piaget [4]
confirms this: “You cannot teach concepts verbally; you must use a method founded on
activity”. One such activity may be ‘playing‘, and the play is regarded as one central
pattern for active and spontaneous children’s learning.

Transferring the idea of ‘play’ to adult education and the corporate learning setting
has led to the term gamification. As additional concept, the term serious games has
gained relevance and it denotes games designed to convey learning material [6].

State of Gamification as Approach to Teach Blockchain
A systematic literature review of studies published in the scientific databases Web of
Science, IEEE Xplore, ACM Digital Library, google scholar and SpringerLink was
performed. The term ‘blockchain’ was combined with the keyword ‘gamification’ and
subsequently with keywords like ‘teaching’, ‘learning’ and ‘education’. From the result
set we excluded studies that investigate the use of blockchain technology as a means
of supporting processes in the education sector or that use blockchain technology as a
technological basis for virtual games.We focused on studies inEnglish language that deal
with the question of how blockchain can be taught or learned as a subject. Furthermore,
only studies that are available online as full text were considered for this review.

Most of the identified publications examine ways in which blockchain can be inte-
grated into existing curricula of higher education institutions. Toleva-Stoimenova et al.
[7] share their experience concerning the incorporation of blockchain content into exist-
ing data science curricula for master’s programs. Purden et al. [8] generally advocate
using a blockchain application in the cloud for classes thus avoiding the need for hard-
ware; Dettling [3] proposes specific subject structures for teaching business students. In
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line with the latter, teaching blockchain to non-technical students is the focus of Negash
and Thomas [9]. They developed seven use cases from industry (e.g. aviation, healthcare
car, supply chain) to achieve the learning objectives. Kursh et al. [10] evaluate blockchain
as a topic in Fintec curricula and offer categorization according to several dimensions
such as level of detail, format, and emphasis.

Few more detailed approaches towards blockchain teaching can be found in recent
publications. The first example is a role play combined with 3D animations [11]. The
game simulates a classroom and offers a puzzle to the learners, where questions related
to blockchains have to be answered to get to the next levels. A second research result
is a Java application called ‘ChainTutor’, enabling users to experiment with important
blockchain concepts through a graphical user interface [12]. The application is capable
of simulating low-level details of a blockchain such as the generation of keys, hashes,
transactions, blocks and wallets. As a third approach, Rao and Dave [13] explain how
they developed a hands-on lab using a Raspberry Pi to instruct students on embedded
systems with elements of cloud and blockchain technology.

3.2 Application of Gamification Theory in Bloxxgame

As evidenced by the literature research, the application of gamification to the topic of
blockchain is still in its infancy. Adding game elements to a learning situation does
not per se add value; rather an appropriate didactic concept is an important prerequisite
for successful implementation [14]. For this reason, we proposed different teaching
scenarios, which have been developed based on practical experience.

In all scenarios, bloxxgame offers a simulation of a blockchain. A simulation can
be defined as a method of implementing a representation of a system, an entity, a phe-
nomenon, or a process over time [15]. Simulations attempt to capture relevant aspects of
a topic or phenomenon to allow learners to interact in order to observe the effects of their
interactions [16]. These simulations are not only effective in situations where real-world
contact is dangerous or expensive (e.g., flight simulators), but also in situations where the
topic in focus is very abstract or complex (e.g., [17]). Blockchain is a highly challenging
subject that requires the learner to understand concepts in the field of economics, finance,
and information technology, in particular cryptography. In addition, the mechanisms of
blockchain are inherently very abstract, given that they occur in cyberspace. Therefore,
it is very promising to simulate the essential operations of blockchain to help individuals
‘experience’ the technology and see the impact of own actions.

3.3 Objectives of the Solution

The solution we were looking for was a teaching method and/or a tool, which enables
learners to gain a profound understanding of the basic blockchain mechanism. We
expected that after the instruction, students should be able to describe the main elements
and give a coherent explanation of the mechanism of a blockchain. At best, the tool
should also provide means to evaluate this understanding. Once the tool was developed,
we recognized that it was more than just a demonstrator or teaching lab in the class-
room, but that it could also be used as a blockchain simulation game. Therefore, another
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objective of this solution could be added: It should provide an authentic experience of
the consensus algorithm.

4 Design and Development of the Solution

When designing bloxxgame, it was important to reduce complexity, without neglecting
relevant aspects of the topic. We decided to focus on a public blockchain, which issues
coins and only allows transactions of integer coins from one address to another. This
comes very closely to Bitcoin although there are some important differences to the
Bitcoin protocol.

4.1 Design of the Software

In the beginning, we used paper and whiteboards to simulate coin transactions and
build blocks with them. It helped the students to visualize the different steps of the
blockchain algorithm, but the necessary reduction of reality was disadvantageous since
many important things such as hashing, or signing were left out. Thus, the idea of a
software-based simulation became imminent. The main elements of the software were
derived from the classroom experience.

Fig. 1. Bloxxgame Play-Board. Nine boxes represent all relevant functions for blockchain
transactions and display the status of the active blockchain seen as a node in real-time.

Normally, simplicity in software design is achieved by automating processes to help
the user easily accomplish complex tasks. In bloxxgame we aimed at the opposite. No
automatedoperations are implemented; only basic functions such as hashing, asymmetric
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encryption and decryption, as well as broadcasting data to the blockchain network are
provided as encapsulated functions.

All design decisions were based on two main criteria− simplicity, and transparency.
The result of this was a one-screen-board containing a complete set of functions,

which are used in blockchains (Fig. 1). These functions are organized in logical units,
which are called boxes. In total, nine boxes comprise the game front-end: Nodes, Wallet,
Signature, Unspent Transactions, Mempool, Blockchain, Hasher, Merkle, Block. Each
box consists of a set of data and functions, which can be treated as a single learning
topic.

There is a second screen (called ‘admin’) only for teachers (Fig. 2). The admin can
reset or initiate a new blockchain by sending coins to the wallets of each player when
creating the genesis block. The difficulty and reward for mining can also be adjusted.
When the admin marks a new block as ‘confirmed’, all related transactions get the
same status for all players. There is also a ‘view’-mode where the admin can see all
nodes and the transactions initiated or received by them. In bloxxgame, the students stay
anonymous, only the node address of active players is shown to the teacher.

Fig. 2. Bloxxgame Admin-Board. Teacher can start, overview and influence the outcome of a
bloxxgame session within the limits of the bloxxgame consensus algorithm.

4.2 Teaching Scenarios with Bloxxgame

Wepropose three elementary teaching scenarios when applying bloxxgame. For students
with little or no knowledge in blockchain, it is recommended to start with scenario 1,
before trying scenario 2 or 3. However, it would also be possible to start immediately
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with a blockchain-building session without instructions. In any case, all scenarios are
suitable for class instruction or for online teaching.

Scenario 1: Understanding the Basic Elements of Blockchain
In this initial scenario, the boxes can be used for explanation or experimenting with
the various core concepts of blockchain, e.g. hashing, signing data, building a Merkle
tree, etc. One important aspect is the ‘check function’, which shows up in several boxes.
The check function supports the comparison of hash values or is executed to confirm
the validity of signed data. Students using the bloxxgame tool for the first time can be
supported by teachers in different ways. For example, teachers can start with bloxxgame
as a demonstrator tool for instruction and then let the students have their own experiences.
In class, this can be done either in groups or each student can work on a separate node.

Scenario 2: Interacting with the Blockchain
After a first inspection of the basic boxes (Fig. 1), the next step would be to use functions,
which have an impact on the blockchain status. Before students can startwith this activity,
the teachermust create the genesis block. Themain operations at this level are the creation
of transactions or blocks. Both operations are complex activities with several steps and
involve multiple boxes simultaneously. At this point, each player will get in contact with
the activities of other players. For example, transactions, which are broadcast, will show
up in the mempool box of each player, and blocks, which are published, will be attached
to the existing blockchain in the blockchain box. At this level latest, the learning process
takes on a dynamic of its own for each player.

After experimenting, different topics canbe reflected in class: In addition, the creation
of transactions and blocks, the most important topics are the checking of transactions in
the mempool, the checking of blocks as well as the process of block confirmation. The
role of teachers in this scenario can vary from individual coaching to additional class
instructions on topics such as forking or double spending. In addition, the teacher must
decide on the block status. Onlywhen a block gets the status ‘confirmed’, the transactions
in the block are considered in themempool, in thewallets and in the unspent transactions.
In this scenario, individual or group work is possible.

Scenario 3: Immerging into the Blockchain
When students are familiar with the functions and operations of bloxxgame, the next
level is a scenario where the whole blockchain is reset and all players acting as nodes
have to login again. After the creation of the genesis block, the students can start to create
transactions and blocks. Teachers can guide the students by announcing tasks they should
perform, e.g. sending coins to a specific address, creating a block with a specific number
of transactions, identifying inconsistent transactions in the mempool, etc. There is no
fixed ‘finish line’ in the game, so it would make sense to either limit the number of
blocks, which should be built or the time until the game is closed. In this scenario, the
teacher onlymust observe the block creation and decide, onwhich branch the blockchain
will grow. Normally students behave competitively without further instruction. The fact
that they can earn coins by coinbase transactions with each block they create, and which
is confirmed, results in a high intensity for all participants.
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In a later chapter, we will show that scenario 3 gives ground for further analysis and
development of bloxxgame. Again, this approach enables individual as well as group
work.

5 Demonstration of Bloxxgame

The demonstration phase in the research process should prove that the solution works
and achieves the objectives set for this solution [2]. So far, we have used bloxxgame
in different classes with students of varying technical skills (bachelor in business eco-
nomics, in business information technology, and executive master). We always could
properly work with the software and focus on the teaching experiences. Exemplarily, we
describe the case of one class in the next paragraphs.

In spring 2020, bloxxgame was used for teaching an elective class for students of
information systems. We used bloxxgame to instruct and train the understanding of
underlying algorithms and the mechanism of using a blockchain for distributed transac-
tion handling. After four sessions in class, the Corona lockdown forced distance teach-
ing in this course. The combination of online-teaching software with the web-based
playground of bloxxgame was a good setting for this new situation. Especially the one-
screen design was helpful for online classes. Students could follow the instructions in the
teacher’s screen and experiment in a separate window on their own node of bloxxgame.
Teachers and students agreed on using a game session (scenario 3) for the final grading
of the practical part of the course. The students had to perform a couple of actions such
as hashing, signing, creating, and checking transactions, as well as creating an own val-
idated block in the blockchain. The grading based on the blockchain data, which could
be linked to the students by their submission of the respective node address with hashes
of transactions or of the performed actions. The outcome was positive and allowed a
clear distinction between different levels of blockchain understanding.

6 Evaluation

Once the demonstration of the solution proved its feasibility, a formal evaluation of the
outcome of bloxxgame becomes necessary. Gamification, which was not in focus of the
solution at the beginning emerged as an important characteristic of bloxxgame. Espe-
cially in teaching scenario 3, students began to engage more emotionally. In discussions
after the game, students showed more interest and awareness regarding networks or the
social aspect of cooperation. This opened the field for advanced teaching topics about
the role of blockchain in society. Additionally, feedback from students was used for the
further development of the game. For example, the possibility to change the difficulty
for mining was induced by students’ wish for more competition. So far, formal feed-
back from students about bloxxgame was part of the overall evaluation of blockchain
courses. Now, having a tool which can be used for a stand-alone activity, a systematic
evaluation can be considered. For a formal evaluation, the following aspects are of inter-
est: Topic mastery, entertainment, socialization. The next paragraph elaborates on more
information about planned research.
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7 Communication and Outlook

Communication in design science research has the purpose to expose the result of the
study to other experts and researchers to prove or improve the result. So far, bloxxgame
has only been communicated within a small group of teachers and blockchain experts.
With this paper, we hope to increase attention and receive feedback from other teachers,
which could help to improve our solution. The order of reaction and the grade of interest
in this teaching approach will also be relevant for further development, such as making
bloxxgame publicly available.

Bloxxgame will need further improvement if it should become a publicly avail-
able teaching tool. The following activities are ongoing or planned. A research project
examines the impact of bloxxgame on the learning success of students. With pre- and
post-game surveyswewill compare the knowledge increase induced bydifferent learning
scenarios. In addition, students will be asked about their subjective learning experience
and for ideas to improve the outcome. A second project will extend the technical infras-
tructure of bloxxgame. So far, bloxxgame is only usable in one instance. To become a
multi-teacher, multiclass software and some additional programming will be necessary.

8 Conclusion

By exploring, experimenting, and playing bloxxgame, students will learn and under-
stand how the most elementary components of an information system, the transaction, is
handled in the blockchain. Although this looks like a very technical perspective, it will
be understandable for everybody through the demonstrative form.

The second thing learners should experience and understand is the social and eco-
nomic aspect of a public blockchain. For most people, the term ‘consensus algorithm’ is
very abstract. When playing bloxxgame, they can experience the role of (social) inter-
action implied by the consensus algorithm. In bloxxgame each player will experience
how the behavior of all participants decides on the outcome of the game.

For teachers, bloxxgame also offers many opportunities for discoveries and experi-
ments. Bloxxgame is a playground with transparent functions and no automated checks
or autofill functions, etc. Like in a board game, users are free to follow the suggestions
of the game manual or to define own actions and procedures, as long as they are possible
within the existing framework.
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Abstract. Many early students of computer science struggle with a
theoretical understanding of new concepts and their programmatic
implementations. However, the difficulties associated with the necessary
learning often frustrate newer students. Thus, any educational strategy
must be able to both engage and motivate. Based on previous research,
we developed a small game to teach undergraduate computer science stu-
dents about pointers, which are variables that reference computer mem-
ory indirectly. We did not find that our attempt at gamification yielded
significant improvement in student engagement, learning or motivation,
but our experience indicates that future research into a sandbox type
game has potential to encourage students to learn independently.

Keywords: Game-based learning · Pointers · Serious game

1 Introduction

A computer science education frequently requires students to struggle through
learning new concepts without providing sufficient learning resources that can
engage them. This is readily apparent when students learn pointers. Pointers
differ from preceding computer science content because they store data indirectly,
referencing the data location in computer memory instead of referencing the data
itself. Their use requires a student to visualise this reference in computer memory
and then use it in a program. In our experience, students find the pointer syntax
intimidating and wrestle with implementing this abstract concept.

Pointers represent an early step that moves a student beyond simple pro-
gramming and towards understanding how data works, helping transition the
student into a computer scientist. Introductory programming is straightforward
and explicit, but pointer programming necessitates an understanding of the
abstract, causing many students to stumble. One paper studied pointers as a
threshold concept, which generally elevate the student’s understanding but are
often counter-intuitive and challenging to learn [4]. This is especially true for
pointers, and traditional teaching methods such as practice problems and visu-
alisations are often insufficient to offset the struggles pointers present.

Programming is best learned by practice and repetition. This is effective, but
it can be difficult to entice students to study and practice consistently through
c© Springer Nature Switzerland AG 2020
I. Marfisi-Schottman et al. (Eds.): GALA 2020, LNCS 12517, pp. 179–188, 2020.
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traditional teaching methods. Teaching students in an enjoyable environment
would facilitate the necessary engagement for learning [3]. This paper describes
a computer game we created to provide a venue for students to practice their
programming skills and build their knowledge driven by their enjoyment. We
hoped that such a model would motivate learning. Although the data does not
show that the game is more academically effective or motivating than traditional
teaching methods, we observed students engaging with the material when they
deviated from the strict confines of the level design and experimented within the
game environment. Future research exploring this aspect of gamification may be
beneficial.

2 Related Work

Because of the difficulties often presented by learning pointers, traditional teach-
ing methods have directly targeted them in the past, specifically using visualisa-
tion [7] and practice problems [8]. Though these tools are statistically effective
at increasing a student’s knowledge of coding, it is currently unclear whether
this knowledge directly translates to a student’s ability to code, as knowledge
of programming does not always engender programming ability [7]. In addition
to coding difficulty and conceptual understanding, traditional teaching methods
fail to account for student engagement. While practice problems may be academ-
ically effective, students often quickly lose motivation in a strictly pedagogical
setting, inhibiting the necessary repetition for continued, sustained learning [11].
To address this, many researchers have incorporated educational games into their
curriculum.

Educational games are not foreign to the field of computer science [2]. Com-
puter games naturally force a player to learn the mechanics of the game, doing
so in an enjoyable, rewarding, and ultimately engaging setting [13]. This engage-
ment promotes repetition. A student is far more willing to apply the additional
practice necessary to learn new content if they are having fun. In this way,
educational games have been consistently shown to increase learning [6,16]. In
addition, games can be very visual. A visualisation can lead to a better under-
standing of a topic that, when combined with entertainment value, results in
repetition of practice and comprehension, inciting education. However, despite
these well-documented benefits, a systematic review of educational computer sci-
ence games from 2000 to 2016 showed no results for a game using the principles
of pointers [2].

3 Design Decisions

We emulated the style of the tower defence genre to integrate pointers organically
into our game, Pointer Attack. The game’s primary goal is to defend a castle by
creating catapults to defeat marauding enemies. Because a pointer references a
location in computer memory, any created catapult in the game will point to a
literal grid location (Fig. 1), giving the student a more explicit understanding of
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the computer processes through an interactive visualisation. The player interacts
by physically typing C++ code to create the appropriate catapults. They then
hit the compile button (Fig. 1) (as if they were compiling computer code), which
will cause the enemies to move according to a predetermined pattern. If the
player’s code has created a catapult that points to where each enemy lands,
they win. This forces the player to read the enemy’s movement, represented
above the game grid (Fig. 1), and intelligently plan how they implement the
pointer catapults. The student earns different levels of stars based on the criteria
for level completion. This style of gameplay reinforces a student’s ability to
write code and problem solve. Code tracing like this is an effective tool for
increasing coding ability [9]. Thus, the game design emphasises fun, giving a
sense of accomplishment while also educating the player through visualisation
and repetition.

Fig. 1. Labelled game layout Fig. 2. Win state

To increase engagement, we used stars as a system of positive reinforce-
ment [5]. At the end of every level, students receive 1–3 stars based on their
performance. For example, in Level 1, players are told to code with a conditional
statement, a coding expression that will execute a block of code depending on
the evaluation of an expression. The game awards three stars for doing so in one
try, two stars for multiple tries, and only one star if the player completes the
level without using the conditional statement. This encourages good behaviour
without punishing bad behaviour.

We used a story-motivated approach to design the puzzles. Because there are
many different ways to program an answer to any problem, we used the story to
guide the player to perform a specific action. In Level 1, the player could create
two pointers, but we wanted them to associate pulling the value of a pointer
reference with a conditional statement, so we phrased the following prompt.
“Well done! More enemies lie beyond. These two will always move side by side.
We must attack them at the same time. Any mistakes could be deadly. For safety,
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we must attack the second enemy only if the first one has been targeted. Using
the fact that the location grid-points are Boolean variables and an if statement,
destroy our enemies.” This use of story-driven design has been effectively used
in other fields, such as second language acquisition, suggesting that an emphasis
on story can better invest students in the material [10].

We spent much time discussing gameplay. We wanted to reinforce the con-
nection between coding and the visualisation. So, we designed the controls of
the game to rest solely in typing code. Anytime the player wants to interact
with the game, they have to code. We also wanted the enemy movement to be
predictable to integrate it into puzzles.

4 Methods and Level Design

Although the game was developed in Unity using the C# programming language,
the student coding environment uses regular expressions to interpret C++ input
code. Pointer Attack accepts most basic C++ commands including variable
assignment, printing, looping, pointer creation and reassignment, and arrays.
The game displays the computer memory as a grid, in which enemies move to
different named locations every time the player presses the compile button. This
movement is pre-programmed and predictable, and is constantly displayed above
the play grid (Fig. 1).

For gameplay, students enter C++ code into an input box. They can fin-
ish a level by creating a pointer directed at the predicted locations of their
enemies. Every grid location has a Boolean value of true or false, indicating
whether that square is occupied by an enemy. For example, if a lone enemy
was moving to the square Amarillo the next turn, winning code would be
bool * ptr = &Amarillo, creating a catapult/pointer to the proper location
(Fig. 2). This basic functionality expands as the levels progress. Each level is
intended to reinforce a certain aspect of pointers, such as dereferencing and use
with arrays. At the beginning of every level, the game presents the player with
text introducing the relevant content.

Level 0, the tutorial, introduces the concept of the game to the player. It
begins tying the story, gameplay and visual elements together. “Hello! Welcome
to Pointer Attack. In this game, each grid square represents a Boolean variable
that is true or false based on whether it is occupied by one of the evil cats. You
can see the name of the square by dragging you mouse over it. Our scout in the
top left will tell you where our enemies will move next. To attack them, create a
pointer to the location they will move to. You can create a pointer in C++ using
this format: <type> pointerName= &pointingToVariable; Now, destroy our
enemies!” In this way, we hoped to motivate students to complete the game using
the anthropomorphic cats within the context of defending a kingdom (Figs. 3, 4
and 5).

Level 1 asks the student to retrieve the value that a pointer is referencing and
use it in a conditional statement. To make this a puzzle, we had two enemies
running in parallel, and the student would fire on a grid square only if the
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Fig. 3. Level 1: initial Fig. 4. Level 1: with code Fig. 5. Level 1: final state

adjacent grid cell is occupied. We contextualized this puzzle using storytelling,
saying that the catapults had to be created correctly on the first try. “Well
done! More enemies lie beyond. These two will always move side by side. We must
attack them at the same time. Any mistakes could be deadly. For safety, we must
attack the second enemy only if the first one has been targeted. Using the fact
that the locations grid points are Boolean variables and a conditional statement,
destroy our enemies.” Because the conditional statement was unnecessary from
a programming point of view, we hoped that connecting it to the story would
help the students play the game.

We wanted the students to practice using arrays (lists of data) with pointers,
as pointers are commonly used in early programming iterate over the elements
of an array. We also used a story motivated design here to incorporate every
element of the code into the story. “Very good! More enemies remain. For their
records, the scribes ask that we use a list for our attacks. In C++, we can
create a pointer to an array, which will point to the first element of that array
automatically. We can then iterate that pointer to go to the next objects in the
array.” Unlike Level 1, where the conditional statement has no context, the array
is described by how it relates to the story; it is a record for the “scribes”.

Level 3 introduces the students to looping mechanics (repeating lines of code)
with pointers. This builds on the previous level’s puzzle and integrates the story
and mechanics by removing the predictable enemy movement. The following
level text explains: “Well done on the last wave, but we have terrible news! Our
scout has been captured. We have replaced him with a cardboard cutout of his
likeness. We cannot tell where the enemies will go any longer. However, there is
still hope. Use a for loop, an array and a conditional statement to destroy our
enemies!” This develops on Level 1 and Level 2 by using the mechanics to drive
the story so that the story can motivate player behaviour.

5 The Experiment

We provided the game to two classes of computer science, an introductory pro-
gramming course, and a software engineering class. Between the two groups, we



184 A. Droubay and D. Bouchard

had a total sample size of 32 students, consisting mostly of first- and second-year
students. The introductory group had been introduced to pointers the previous
week and the software engineering class had at least a year of experience with
them. We included both groups to increase the sample size and to investigate
whether the gaming experience was influenced by pointer experience.

Each class was divided into a control and an intervention group. Both groups
were presented with a five-question practical short answer quiz asking for the
output of certain programs involving pointers; some questions were derived from
an assessment for a similar pointer game, If Memory Serves [12]. In addition
to the quiz, we included a question asking a student about their conceptual
knowledge of pointers. The experimental group played four levels of the game,
and the control group completed a programming exercise that was similar to their
coursework. After the experiment portion, the students repeated similar quizzes
to give a comparison between their before and after grades. Using these quizzes,
we hoped to measure increases in code tracing ability between the game and
the traditional teaching methods. All students were assessed for their enjoyment
of their activity using questions drawn from an Intrinsic Motivation Inventory
(IMI) Scale from the Center for Self-Determination Theory [1,14].

We asked the control group to execute two simple assignments using pointers
and arrays, with an additional, optional, bonus assignment. The experimental
group received the game and were given instructions to complete levels 0–3 (of
five levels total) with three stars each. In this way, we could measure quantitative
score improvement and enjoyment using both the IMI score and conceptual
knowledge of pointers.

6 Data

The data did not necessarily bear out any difference between the two treatments.
Quantitatively, the mean change in quiz score (graded 0–5) for the experimental
group was 0.79, and the mean quiz score change for the control group was 0.11.
Performing a two-sample t-test gets a t-value of −1.09 and p-value of 0.14. The
mean enjoyment of control group was 56.722 on the IMI scale, and the mean
enjoyment of experimental group was 57.482, giving a t-value of −0.183 and a
p-value of 0.428. Neither of the results can be considered statistically significant.
We had to reject our null hypothesis that playing the game increased academic
ability or enjoyment of the activity.

7 Experience Report

The project faced several challenges and issues which skewed the data. First and
foremost, the game was not engaging. It was evident during testing that the
experimental group exhibited the typical frustrations of any computer science
student stuck on a project, and the little cats hopping around the screen were
insufficient to offset that frustration. As a result, many students did not try
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very hard to complete the quiz after finishing the game. In fact, multiple post-
experiment quiz entries (three from the control group and one from the study
group) were left blank, diminishing the student’s score. Evidently, because these
quizzes had no impact on their grade, the students were more interested in being
done than in doing well. In addition to the interactions we had with the stu-
dents while administering the experiment, students could comment on the game
after they completed the last quiz. This allowed us to gather more qualitative
information to supplement the quantitative data from the quizzes.

A lot of our focus went into trying to address the academic side of the prob-
lem. As discussed earlier, we used code-tracing, visualisations and story moti-
vated puzzles, but none of them was sufficient to engage. Visualisations and
code-tracing on their own are merely academic and do little to motivate the
students, and although the story exists throughout the game, the overall lack of
consequences and mechanics based puzzles meant students forgot about it after
closing the introductory text bubble. The introduction of interesting concepts
and the integration of visualisation and code does not necessarily make a fun
game. Ultimately, even though the game educated as well as the programming
exercises, the lack of enjoyment and motivation resulted in a game that felt
purely academic.

The different degrees of story integration seem to affect student engagement.
Level 1 poorly integrates the story, Level 2 uses the story to drive player decision
and Level 3 utilises game mechanics and story in tandem. While observing and
helping student’s during the experiment, Levels 1 and 2 seemed much more
frustrating for the students to complete. They did not understand why they had
to complete the level in a certain way. However, students that reached Level
3 needed less intervention. While it is possible that the students were able to
improve and learn the game by Level 3, it is more likely that the integration of
story and mechanics made the level much stronger than story alone did. This
merits future research.

From in-class student feedback, we could tell that the game failed to be
engaging. The balance of time spent on development is likely partially responsi-
ble. About 90% of our time was spent on developing and implementing a compiler
that would accept most code inputs. Even then, the compiler was not perfect,
and the result was a game that had been insufficiently tested for enjoyment,
had little to no design iterations, and exhibited a lack of time to develop a level
design that made sense to the students.

The game’s level design was a recurring issue. The levels present specific
challenges to the user, and there is a specific set of codes that the game expected.
Any solution that does not satisfy the strict requirements is either not accepted
or receives only one star. This frustrated many students. Because they were
instructed not to move on until they received three stars, they treated the one-
star rating as a poor grade. Although the stars should have acted as a carrot,
they ended up more like a stick.

On the other hand, one student gave up quickly, and instead of trying to
complete the given task, attempted to break the game. He spent much more
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Fig. 6. Student Experimentation

time with the code in hopes of causing an unexpected bug, generating a large
number of pointers (Fig. 6). As a result, he spent much more time with the game
than other students, which gave him more practice and his attempt to create
a bug actually engaged him with the material. He was not the only student
to experiment like this, and it points to the most engaging part of the game.
When the students could see their code interact in a new environment, they
experimented and enjoyed experiencing unregulated and unplanned discoveries.
This concept could be well expanded in the future. The strict linear game limited
enjoyment, but turning the focus to a more sandbox environment and free-play
approach encouraged learning.

8 Conclusion and Future Steps

We developed Pointer Attack to engage students and to help them visualise the
difficult concept of pointers. We hoped to directly integrate learning with enjoy-
ment. Unfortunately, the data did not show that our game increased learning,
engagement or motivation any more than traditional teaching methods. How-
ever, based on student experiences and surveys, some hypothesis can be drawn,
which in turn could be used to great effect in the future.

First, this developmental experiment implies that technological focus does
not necessarily lead to higher engagement. Instead, future creators should spend
the time to assess how changes affect user engagement, employing an iterative
design with lots of play-testing to produce a more enjoyable and engaging pro-
gram [15]. Next, the story can be completely ineffective if it is not integrated
with the game mechanics. In one level, students ignored the story because it
had no bearing on the game. A different level used the story as a motivator for
the mechanics and was received much better by students. Exploring a narrative
structure that integrates story and gameplay in this way could prove fruitful
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on a larger scale. Finally, the linear nature of Pointer Attack proved to be a
hindrance. We believe restricting options like this (as many programming games
do) is an impediment, and an environment that rewards creativity and experi-
mentation would produce the necessary engagement in students.
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Abstract. The use of gamification in management, namely in strategic alignment
is still under researched. Due to the pivotal role of Middle Managers (MM) in
business strategy, this study investigates their perspective on the organizational,
individual, and gamification-related factors that may influence the adoption of
gamification as a strategic alignment tool. Four focus groups with MM revealed
the most relevant antecedents for participants. The paper offers companies some
suggestions on how to design and implement successful gamified experiences.
Namely, it suggests that clear support of top managers and the involvement of
MM in the adoption of gamification may avoid MM’ resistance and enhance their
motivation and engagement in the process. Also, to assure an effective contribution
ofMM, it is advisable to evaluate their gamification competences and provide them
with adequate training when needed. Finally, due their pivotal position, MM can
offer valuable insights to design and communicate the gamification modalities
that are the most adequate to participants, thus reducing the identified risks and
fostering success.

Keywords: Strategic alignment ·Middle managers · Gamification

1 Introduction

Gamification has become present in business [1, 2], and in other various sectors [3, 4].
Despite the research attention it has been attracting, the field still lacks empirical research
[5] in the context of management [6] e.g., in work gamification [7]. For instance, Ruhi
[8] argues that little empirical research exists on which factors determine the success or
failure of enterprise gamification initiatives. Wünderlich et al. [9] call for more research
to understand how and when gamification in intra-organizational settings leads to favor-
able outcomes. This paper responds to the call for further research of gamification in
management strategy [10] and explores the use of gamification as a tool of strategy
implementation and alignment. Considering MM pivotal role in the implementation
of strategy [11] this study reveals specially concerns with MM’ perceptions about the
potential of gamification application in work contexts and about the factors that may
influence its adoption. Specifically, the goal of this study is to understand the Middle
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Managers’ perspective on the factors that may influence the adoption of gamification
as a strategy implementation and alignment tool. Two research questions further this
issue: (1) what is the role of MM on organizational strategic processes and how may it
influence their perceptions on the adoption of gamification?; and (2) which factors can
influence the adoption of gamification from the perspective of the MM?

Building on literature on strategy alignment, middle managers and gamification,
a theoretical framework proposes that three types of factors – organizational-related
factors, individual-related factors, and gamification related factors - may influence the
adoption of gamification in this specific setting. Due to its exploratory nature and to
the fact that it aims at capturing the perceptions of MM, this study adopts a qualitative
methodology, specifically four focus groups, to collect the insights of thirty-four MM
from different industries on the research questions. The findings confirm MM’s key
role in organizations, which can be crucial to the adoption of gamification. Organiza-
tional factors (e.g., organizational environment, MM role) and individual factors (e.g.,
MM resistance, individual characteristics) were identified as influencers of the adopting
of gamification. Furthermore, gamification-related benefits (e.g., increase of strategy
knowledge and alignment and of engagement with the organization and teams, enhance-
ment of internal communication, and positive influence on employee experience) and
risks (e.g., doubts on how to implement gamification and on its advantages, conflict and
tensions between employees, time-constrains, lack of top management support, lack of
competences to design and apply gamification tools) may influence the adoption of gam-
ification. This paper is structured as follows. Next, it reviews the literature on strategic
alignment, middle managers, and gamification. Section 3 presents the research frame-
work and Sect. 4 the research design and methodology. Section 5 discusses the results
and Sect. 6 presents the main findings and suggestions to further work.

2 Literature Review

Strategic alignment and Middle Managers: This study adopts Trevor and Varcoe [12]
understanding that strategic alignment exists when all elements of a business (includ-
ing functional strategies) are arranged to best support the fulfillment of its long-term
purpose. Namely, a better performance is expected when the operations strategy ade-
quately supports the business strategy [13]. Strategic alignment is widely accepted as a
prerequisite for a firm’s success [14] and is one of the top concerns of executives and
managers [15]. In this sense, organizations that want to stay competitive need to engage
employees [16] to achieve high organizational performance [17]. Moreover, employees
must understand the strategy, and be committed [18] to execute it successfully [19].

As Baker and Singh [20] mention failure of strategic alignment can be due to inad-
equate methods of communication and employees disconnected from business strategy.
MM can help to prevent this risk, as they hold knowledge and power of influence [21]
that facilitates the communication along the organization. MM play the role of inter-
mediaries between top managers and employees [22]. They can participate, influence
upward and downward, and make divergent or integrative cognitive contributions to the
management strategy [23]. Also, Darkow [24] considers that the top management is not
able to develop and implement a strategy successfully without the commitment of MM.
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So, it is the interest of the organizations that MM recognize and support the strategy
and implement it [11]. Thus, to sustain, develop and promote the involvement of MM
with the strategy, organizations should create positive conditions to motivate and engage
consistently their employees [25] without disregarding the fact that if MM believe that
their self-interest is being compromised, they can delay, reduce the quality or sabotage
the strategy implementation [26].

Gamification has been used in various contexts with distinct aims [27] e.g., to solve
problems, increase employee motivation [28], change behaviors [3], or to engage and
mobilize people to achieve goals [29]. Various studies provide evidence of gamifica-
tion’s positive effects [3, 7, 30] but others show that perceived usefulness, enjoyment
and playfulness tend to diminish with time and ease of use [31] and that it is difficult
to sustain user engagement with a gamified information system [32]. Even when play is
mandatory people have a tendency to give up quickly [30]. Engaging people in gamifi-
cation experiences requires care and understanding of the player experience, the players
themselves [33] and the alignment of intrinsic and extrinsic incentives with business
goals [34]. So, it is important that organizations know how to motivate their employees
[25] if the employees ‘buy’ the idea of gamification [35] or if they feel manipulated
or intimidated [34]. Despite gamification potential applications in management [34], its
influence in this context is still under researched [10, 30]. For instance, Wanick and Bui
[34] call for a better understand ofmanagement and gamification in a holistic way aswell
the benefits for both management and employees. To sum-up, this study assumes that
strategic alignment is an important process for firm’s success, which makes supporting
tools relevant for firms and managers. In this context, this study explores gamification
as a potential tool to support strategic implementation and alignment. And, due to MM’s
role, focuses on their views on the adoption of gamification.

3 Research Framework

This study proposes a research framework (cf. Fig. 1) that integrates the antecedents of
the adoption of gamification as a strategic implementation and alignment tool.

Organizational Related Factors
Organizational environment; MM involvement in 
strategy processes; MM role; MM power and autonomy.

Individual Related Factors
Experience with gaming; Knowledge of game elements; 
Individual characteristics.

Gamification Related Factors
Perceived benefits; Perceived risks.

Adoption of gami-
fication as strategic

implementation 
and alignment tool

Fig. 1. Research framework
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It suggests that MM’ views on this issue are influenced by three types of fac-
tors: organization-related factors; individual-related factors and gamification perceived
benefits and risks.

At the organizational level, Amar [25] claims that to succeed, ‘knowledge orga-
nizations’ have to develop a work environment [34] that consistently motivates and
engage their employees e.g., making professional activities more like pleasant games
[36]. Ouakouak et al. [37] also highlight the need to involveMM in the organization strat-
egy processes to successfully implement the management strategy. Additionally, their
level of power and autonomy may condition the adoption of management tools. At the
individual level, this framework proposes that MM’s knowledge about game design ele-
ments, experience with gaming and individual characteristics as players may influence
the adoption of gamification [4]. At the gamification level, as in Guth and MacMillan
[26] it seems that the degree to whichMM believe that gamification may be aligned with
their self-interest (e.g. personal risks and benefits) influence their willingness to adopt
gamification tools.

4 Research Design and Methodology

This exploratory study adopts a qualitative approach and focus group technique, an
effective way to gather information when little is known about an issue [38]. Focus
groups are suitable to allow individuals (MM in this case) to express their experiences,
opinions and feelings about a topic [39]. In line with other studies [40], four focus group
sessions were organized with 8–9 participants. This allowed to reach data and theoretical
saturation [41]. The moderators used a script of open questions to generate data across
the sessions [42]. Data was recorded, transcribed, and then coded with the support of
NVivo 12 to explore the insights of data [43]. Participants filled a short questionnaire
about their knowledge of gamification and demographic and professional details. Thirty-
four MM from several hierarchical positions and sectors participated in this study. The
sample is balanced in terms of gender. 85% of the sample is aged between 31 and 50 and
91% holds at least a bachelor’s degree. Most participants (65%) work in large companies
(more than 250 employees); the others are equally distributed between medium (51–250
employees) and small companies (up to 50 employees).

5 Discussion of Results

The Role of MM on the Organization’s Strategy Processes
Participants were asked about the role of MM in the strategy of the organizations where
they work. Regarding strategy formulation, opinions diverge: some participants consider
themselves as contributors while others do not. This seems to happen for different rea-
sons: structure (size, departments, and resources), organizational processes or even MM
credibility (e.g. work experience and achieved results). MM participation in strategy
formulation seems to influence their psychological states (I feel involved and satisfied
that I can be heard, P24; People who saw their ideas implemented felt good, P19). This
study confirms the key role of MM in implementation [11, 21] (MM distribute strategic
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information across the team and functions, P17; MM know the base of the pyramid to
gather and evaluate the best resources, P15) and in strategic alignment (I can do it in
different ways as long as the organization’s goal is achieved, P5).

Antecedents’ of Gamification: Organizational Factors
Participants identified organizational environment (e.g., culture, leadership, structures,
and departments), the involvement of MM in strategy processes, the role of MM, and
the autonomy and power of MM, as relevant factors to the adoption of gamification.

Organization Culture is believed to impact the decision to adopt gamification. Some
participants feel that strategies are defined mainly by top managers and MM just imple-
ment them. This study confirms a variety of organizational structures and dynamics,
whichmay influence the gamification process as anticipated by Koivisto and Hamari [4].
Conflicts between departments were mentioned as counterproductive to implementation
and strategic alignment [44] and to the adoption of gamification tools.

Involvement of MM in Strategy Processes: Findings confirm the need to offer the right
conditions to motivate their employees [25]. Reward systems and the work environment
(e.g., stimulating of talent, team spirit, sense of belongingness, transparency and clarity
of communication and employee participation) impact the involvement of participants
with companies and strategy management, e.g., with the adoption of gamification.

Role of MM: Participants identified three roles that may impact gamification: adjust
internal communication between different internal audiences, be agents of change, and
motivate ‘players’ to participate and involve them in gamified experiences.

Autonomy and Power of MM to Adopt Gamification in Work Contexts: Participants
mentioned some factors that impact their autonomy and power and consequently the
implementation of gamification: MM leadership competences, experience and knowl-
edge (top management does not understand the operation; it’s up to us, MM, to manage
the operation, P30), MM’s negotiation skills (my conquered power depends on my atti-
tude when I present the pros and cons, P28), credibility gained from results (I have
autonomy because I provide quantifiable results, P28) and support of top managers (it
takes superior sponsorship from the organization, P9). The global feeling is that without
enough ‘power’, MM are not able to effectively involve their teams [45] or convince top
managers to accept gamification.

MM Resistance: In line with Fenton-O’Creevy [45], this study identified several con-
straints to the implementation of management strategy that also apply to the adoption
of gamification, namely: block information or/and implementation, aversion to change;
disagree and misalignment with the management strategy and demotivation.

Antecedents’ of Gamification: Individual Factors
Experiencewith gaming andknowledgeof gameswere previously indicated as individual
factors that may influence the adoption of gamification. In this case, while only a few
participants reported gaming experience and knowledge of game elements, 85%said they
were ‘interested’ or ‘very interested’ to adopt gamification tools. Although knowledge
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and experience do not seem determinant in the decision to adopt gamification tools, they
may influence their implementation. Individual characteristics of MM, such as skills,
motivation and personalities, were also identified as factors that affect gamification in
works contexts, which is in line with Buckley and Doyle [46].

Gamification - Related Factors
This study identified a set of perceived risks and benefits thatmay negatively or positively
condition the adoption of gamification tools, as detailed below.

Risks: Perceived risks may block or delay the adoption of gamification (see Table 1).

Table 1. Gamification perceived risks

Level Risks Interview excerpts

Organizational Doubts about gamification To MM to adopt gamification, it is
necessary to know how it works (…) and
show the benefits (P2)

Conflict and tensions between
employee’s

Considering the conflicts between
departments, when you adopt
gamification you may intensify those
conflicts (P13)

Lack of top management support It needs sponsorship from the Board and
then each MM with its own style can use
it or not (P9)

Individual Lack of knowledge and skills in
gamification

You have to teach us how we to design
the game (P25); For a specific context,
someone more trained is needed to
design the (gamification) tool (P3)

Individual characteristics and
personality

Gamification must be framed by the
culture of the people who report to MM,
otherwise it is a problem (P17); It is
more interesting for some people than
for others (P32)

Time constrains You need to see how much time is going
to be wasted in the game, as we have
projects to complete (P22)

In line with Hassan and Hamari [47] participants showed concerns about the possi-
bility of gamification generating conflicts and tensions between employees and teams.
This can in fact occur as result of using poor design gamified experiences [4], among
other factors. Ignorance of gamification advantages and unsatisfactory results are seen as
good reasons for not adopting gamification until the concept prove its effectiveness. Lack
of top management support may also hinder the adoption of gamification tools. At the
individual level, the lack of knowledge of MM on how to design and apply gamification
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(35% of participants were not familiar with the concept) highlights the importance to
carefully design carefully gamification [48] that take into account participants’ level of
expertise in this area. Participants identified other issues that can jeopardize the adoption
of gamification: the heterogeneity of players (MM and other employees) [49] namely
their motivations [33] mindset and dispositions [8]. Finally, time consumed with gami-
fication was identified as a risk mainly because it is perceived as non-core activity that
requires extra time and effort. MM fear that the gamification experience may be an extra
to their worktime instead of being part of it.

Benefits are mainly associated with the organizational level (see Table 2).

Table 2. Gamification perceived benefits

Level Benefits Interview excerpts

Organizational Knowledge of management strategy To know better the reasons why teams
are involved in tasks, perceive better
the goals, results and strategy (P10)

Alignment with management
strategy

This tool may help to disseminate what
is important and crucial for the
organization (P15);
[gamification]make it clear how to
achieve medium and strategic goals
(P17)

Engagement with the organization
and with teams

The need to retain MM is so great that
leads to the creation of games to retain
people (P19); It is an interesting way
of interacting, learning and training
(P3); Team members will get involved
and gain additional motivation (P2)

Internal
communication

If gamification is adopted by the
company it can improve company
communication (P13)

Individual Employee
experience

We know that it has an emotional
effect (P11); Stimulate the person’s
curiosity, take the stress out for a few
moments and focus on something more
fun (P24);

Participants refer the gain of knowledge of management strategy, sense of alignment
with the management strategy, engagement with the organization and with teams, and
enhanced internal communications. They also hope that the employees’ experience may
improve with the adoption of gamification tools in work contexts (e.g., less stressful,
and more stimulate). These findings are in line with Wünderlich et al. [9] that found out
much potential in implementing gamification in intra-organizational settings.
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6 Conclusion

This study responds to calls for empirical research of gamification [5, 9, 27] in manage-
ment [6], and focuses on MM perspective on the factors that may influence the adoption
of gamification as a strategic alignment tool.

The study involved four focus groups with the participation of thirty-four MM from
companies of different industries, sizes, and structures. In line with existing literature,
it confirms MM’s key role in strategy management, particularly in the implementation
process, which suggests that they may also play a crucial role on the implementation of
gamification experiences.

This study identifies factors at the organizational, individual, and gamification levels
that seem to influence the adoption of gamification. At the organizational level, the orga-
nizational environment (e.g., culture, leadership, structures, and departments), the role
of MM and their involvement in strategy processes emerge as the most relevant influ-
encing factors. At the individual level, previous experience with gaming and knowledge
of games seems indifferent to the interest of adoption of gamification; however, lack of
knowledge and skills in the area is seen as a deterrent to its implementation. Thus, to
increase the possibility of success of gamification, and specially considering the pivotal
role of MM, it is advisable to evaluate their gamification competences and provide them
with adequate training if needed. Other issues like MM’s power and autonomy, and
potential resistance to gamification if they believe it may harm their individual interests,
should also be considered as they impact their willingness to collaborate and to effec-
tively support the adoption and implementation of gamification. Regarding the individual
characteristics of employees and in line with previous research [33], this study suggest
that the adoption of gamification in management requires solutions (e.g. specific config-
uration of game elements) that are customized to MM and other players characteristics
to produce the intended results.

Lastly, the paper identifies several benefits associatedwith gamification byMM(e.g.,
increase of knowledge and alignmentwithmanagement strategy, increase of engagement
with the organization and with the teams, and enhancement of internal communication
processes), which may positively impact MM attitude towards gamification. On the con-
trary, identified perceived risks (e.g. increase of conflict and tension between employees,
teams and departments, resistance based on doubts, unknown advantages or absence of
positive results, lack of topmanagement support, lack of gamification competences) may
contribute to negative attitudes towards the use of gamification tools. Thus, when adopt-
ing it, companies should be aware of the benefits and pitfalls that different modalities of
gamification may accrue.

This paper focuses on the perspective of MM due to their pivotal role. However,
there are other relevant stakeholders (e.g. gamification providers, gamification consul-
tants, top managers, MM teams, customers) in the process. Thus, future studies may
explore the factors that influence the adoption and outcomes of gamification from a
multi-stakeholder perspective. Other fruitful research areas with useful contributions to
academics and practitioners can be the role of MM as ignitors of gamification in work
contexts and the influence this may have on the outcomes; the impact of distinct mod-
els of gamification adoption (bottom-up, top-down) on the implementation process and
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outcomes of gamification; and the impact that successful or failed gamified experiences
can have on MM role in the organization and also on further adoption of gamification.
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Abstract. Educational systems are under increasing pressure to use information
and communication technologies (ICTs) and to teach students the knowledge and
skills they need. While tablets have become important tools in education today,
typing on the computer is still a crucial skill for students to learn. In this paper
we describe the design, implementation, and evaluation of a gamified applica-
tion which aims to improve 10-finger typing skills. Evaluation of our application
revealed that the users showed a solid improvement in typing skills. Overall, our
development got positive feedback and a broad demand for the application was
received.

Keywords: Gamification · 10-finger typing · Joyful learning

1 Introduction

The coronavirus (COVID-19) pandemic has significant impact on the importance of
digital learning as it has disrupted the usual didactic education and in parallel, it has
reinforced the importance of some competencies [1, 2], like 10-finger typing. Unplanned
school closures caused by COVID-19 could negatively affect the academic interest and
performance of students [1].

The gamification, which is defined as “using game-design elements in any non-
game system context to increase users’ intrinsic and extrinsic motivation, help them
to process information, help them to better achieve goals, and/or help them to change
their behaviour” [3, 4] has become one of the most popular strategies to strengthen
motivation and commitment to learning. The popularity of gamification used in education
is understandable as there are overlaps between game and the classroom. Players work to
achieve one (or more) certain goals and ultimately win, while students work to achieve
specific learning goals and deliver adequate academic performance. Players progress
from level to level based on their performance, and students must achieve different
levels of courses and master specific topics for their academic development [5].

One of the essential features of gamification is that the gamified application is mostly
based on online, digital technology.An important consideration is that the current student
base is made up of members of Generation Z (born in the mid-to-late 1990s to the early
2010s) whose learning and information-gathering habits are vastly different from those
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of previous generations. Generation Z uses the Internet and social media comfortably,
naturally and often, as they have been an integral part of their lives and socialization
processes from an early age [6, 7]. Another important feature of members of Generation
Z is that a decrease in the ability to maintain attention can be observed. Gamification
can be a solution to this as it helps to break down the learning process into smaller steps,
and students’ motivation can be increased with different styles and degrees of positive
reinforcement [6].

The impact of gamification can be even greater if we can gather information about
gamified platforms. The results of analyses based on such information allow learners to
tailor educational gamification goals and principles to their specific needs and learning
paces [8].

There are many examples of the applications which use the concept of gamification
in education and educational activities. Markets andMarkets reports that the value of the
educational gamification market is expected to grow from $9.1 billion in 2020 to $30.7
billion by 2025. Key elements of growth include the increasing use of digital learning and
the growing use of cloud-based services among organizations [9]. However, gamification
should not be considered as an elixir that solves all teachers’ problems immediately, but
rather as one of the many efficiency-enhancing tools.

In this paper, we present a gamified application (Dungeon Typer) which aims to
improve the 10-finger typing skill. Its target audience is the youth, particularly students
of middle school and lower secondary school. In the following section related work
is discussed. Section 3 presents the game design that was used. Section 4 presents the
implementation of our game and the students’ feedbacks. Finally, conclusions are drawn
in Sect. 5.

2 Related Work

Many studies have been published on the use of gamification in elementary, secondary,
and higher education to promote students’ motivation. The evidence of the effectiveness
of gamification is mainly empirical. Wrzesien and Raya published a study [10] that
found no significant correlation between children who were taught via games and the
control group. The students reported enjoying the class more, being engaged more than
the control group.

So far, there have been a few proposals (RapidTyping1, Felhos2) to apply gami-
fication techniques to teach typing to children using the Hungarian keyboard. One of
the challenges in teaching typing skills is that it is highly language specific, since most
languages use unique characters in addition to the English alphabet.

Currently, Hungarian students use a program called ABC3 in secondary education
for learning the 10-finger typing technique. This program is not considered a gamified
solution as it does not include any game elements or mechanisms; it only shows the
proper finger usage and provides some typing tasks for practicing.

1 https://rapidtyping.com/.
2 egyszervolt.hu.
3 gepokt.hu.

https://rapidtyping.com/
http://egyszervolt.hu
http://gepokt.hu
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3 Game Design

There are several theories and frameworks of gamification like PBL4,Wu’s [11], Bartle’s
[12], Kim’s [13] models, Octalysis [14], and MDA framework [15] which can help to
create an effective gamified application. In our project we used the Gamification Model
Canvas which based on the MDA framework. Ms. Bella who has been teaching typing
for many years at BGSZC Secondary School of Buda5, helped a lot in developing the
game mechanisms. We have developed the principles of our gamification design based
on numerous personal discussions with her and class visits.

According to the Gamification Model Canvas we set our main tasks:

• setting challenges (traditional assignment):

– The curriculum needs to be articulated and multiple levels created from it. This
way, everyone can learn at a speed that is not too difficult, but not too easy for
them.

– During the learning we need to keep track of which character is next in the text,
and you also need to show which finger to use to hit that character.

– We should not use meaningless 3-letter words to build proper finger-muscle
memory.

– When displaying a word, it is very important that it remains legible and does not
overlap with another word. It should always be clear which word belongs to which
game element.

• motivation (the dynamic and aesthetic layer ofMDA): currently,we use only elements
of the PBL and Wu’s reward models.

– The scoring system should be designed to look more like positive feedback.
– The increase in difficulty level must be assigned to a specific point amount. This
point amount increases with each level, so the more points are collected, the harder
the game will be.

– To awaken the spirit of competition, it is important to have a multiplayer mode or
leaderboard.

• making stress-free setting: we try to eliminate the most important sources of stress
in these situations.

– It is important to assure our players that they can run into the task several times.
The goal is to get the best out of them. This means making a “mistake okay, trying
again is good” slogan as failure is not only an option, it is expected. Our game
starts with multiple lives because it is assumed students are going to need them.

– It is important to raise awareness of the acquired knowledge and skills, even though
the incorporation of a follow-up training.

– We use only local leaderboard which lists only nearby players.

4 Points, badges and leaderboards.
5 https://budaikozepiskola.hu/.

https://budaikozepiskola.hu/
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3.1 Framing the Vocabulary

It was essential to collect the right number of words to avoid thewords being repeated too
often. Our vocabulary based on a Web-based frequency dictionary was created in 2006
by the MOKK Centre for Media Research and Education6 [16]. After filtering out the
improperwords (like dirtywords, terms of reproach)we selected the approximately 2000
most common words while preserving the distribution of initial letters of the original
dictionary. We divided this selected word list into three further sub-lists based on length
of the word (containing five or fewer characters, from six to eight, or more than eight
characters). According to this grouping, the words were included in the list of short,
intermediate or long words and were used such in our game.

4 Our Gamified Solution: Dungeon Typer

Dungeon Typer is built around the concept that the player needs to escape from a prison
guarded by skeletons. Skeletons try to make the escape attempt difficult with obstacles
and soldiers. Deactivating these obstacles and eliminating enemies play the role of sub-
tasks. By completing each subtask, the player brings the protagonist closer to reaching
his goal. The following snapshot (Fig. 1) shows a subtask in which the player must defeat
a soldier by typing correctly the appearing word within the time limit.

avatar named
Archibald Qwertz

current level

randomly
generated wordcollectable points

our life pointsour actual points

enemy

Fig. 1. Dungeon Typer: screen capture of a randomly generated track in early game level

During the typing, the program checks each keystroke to see if the current character
is correct or not. If correct, no feedback will be given, if not, an audible signal will alert
the player and will be deducted from the collectible points. If the player manages to type
the active word correctly within the time frame, he gets a point and the avatar defeats,
jumps out or rolls under the enemy. If the player fails and the animated opponent reaches

6 http://mokk.bme.hu/en/.

http://mokk.bme.hu/en/
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the avatar, then a sword stroke animation will play, and a life point will be deducted from
the player.

At the end of the game, the user can save his/her current points to a personal list and
have the option to query the local leaderboard which lists only three nearby players.

4.1 Validating Our Gamified Solution

We implemented our game in C# using the Unity7 development platform to design
imagery which is captivating to our target audience.

Originally, we planned that we would validate our game with the help of students
of BGSZC Secondary School of Buda. Our game was planned to be used by students
with different ages and different levels of typing. However, an unscheduled closure of
all schools was on March, 2020 due to coronavirus disease (COVID-19) outbreak in
Hungary. Unfortunately, the originally planned intensive validation of the system could
not be performed. Thanks to teachers’ generous help we managed to perform the test of
our program in a limited way. We sent the program and a questionnaire to 50 students
and we asked them to try out the program as many times as they can and give their
feedbacks using a questionnaire. During a two-week test period, 37 (8 male/29 female)
students completed the questionnaire. We consider this as a great progress, particularly
since the installation of the program was an extra task for the students.

At first, we were curious about how happy the users were to try the game. This
question was intended to assess the attitude of the users before starting the game. This
had to be marked on a scale of one to five, where a score of one means you are reluctant
and a score of fivemeans you are very enthusiastic. Roughly thirty percent of the students
rated it neutrally, thirty-two percent chose the value of four, and the remaining thirty-
eight percent were very happy to try it. Those who gave a neutral rating did not know
what to expect about such a game or did not want to use a new program. Answer four
was chosen by students who were interested in the software to be tested, but they found
it difficult to put it into practice. Those are also in this group who were curious about
the game itself but were unsure of their own abilities. Curiosity and interest were also
expressed by those who were very happy to try the game, but there were also responses
referring to the topic of the game or the control mechanism.

The next question was about how the testers liked the game. This question aimed to
assess the experience of the users after obtaining experience with the game. The answer
could be given on a scale of one to five. It is interesting how much their rates have
changed after trying the game. Far more students rated the game positively than in the
previous question. The number of five-point responses more than doubled (see in Fig. 2
Panel A).

In the third question, we asked whether players perceived an improving trend in the
score of consecutive rounds played. This question was intended to show how successful
the game has been in improving the 10-finger typing skills. In the present survey, this
is only indicative and requires further comprehensive examination, but Fig. 2. Panel B
clearly shows that eighty-one percent of the students who tried the game felt that their
typing ability had improved.

7 http://unity.com/.

http://unity.com/
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Fig. 2. Students’ feedbacks

In the last question, we were curious about how willing students would be to use
this game if it were made compulsory in school education. For example, if it is used by
teachers at school as part of the curriculum or as an assessment method. We used a scale
from one to five, where one meant that respondent would not like to see this game at
all, and five meant that he/she would fully enjoy using it. The average of the responses
received was 4.7, and 87% of response was 5 (data not shown). Overall, the users’
feedback shows that students have improved their typing skills. In addition, students
would be happy to use this program in their lessons.

We should mention that our study is limited by the fact that the feedback responses
is self-reported, we could reach just small number of students due to coronavirus disease
outbreak. Use of self-reported data is highly to affect the results as the users responding
are most probably actively engaged with the service, and eager to participate in activities
related to it.We are planning to perform amore comprehensive validation of our solution.

5 Conclusion

In this paperwe presented a gamified application,Dungeon Typer, designedwith the goal
of improving 10-finger typing skills among secondary school students. We evaluated
our game with secondary school students and the results showed its effectiveness in
improving typing skills.Moreover, the students found the typing practicemore enjoyable
using gamified solution than the current one.

In the future, aside from refining the game we are planning to incorporate some new
features based on additional feedback already received from the students. For example,
in the current version of the game, only one avatar, Archibald can be selected and only
his story was included in the game. We are planning to incorporate more persons. Future
studies could also incorporate control groups to examine the effects of the gamification
of the application. Such better-controlled experiments would be able to reveal subtle
differences in a very precise manner on the effect of gamification in a secondary school
education setting.

Acknowledgements. We highly appreciate Ms. Bella for her continuous and generous help and
the students of BGSZC Secondary School of Buda who volunteered to test our game.
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Abstract. In this work, we present the results of a role-playing game
experience carried out with a group of 9- to 12-year-old children during
the COVID-19 emergence. The ‘harmony in education’ approach has
been used to adapt the game design to the constraints imposed by the
online context and the young age of the students involved. The results
show the effectiveness of the approach in terms of 21st-century skills
training with particular evidence on perspective-taking.

Keywords: D&D · RPG · Primary school · Serious games design

1 Introduction

The theme of life skills, what they are, their role in promoting the well-being
and health of the citizens of the future, how they impact on the development of
active citizenship and, of course, how to train them, is undoubtedly one of the
most debated topics in scientific literature. In 1994, the World Health Organi-
zation (WHO) [14] identified the life skills and grouped them into five areas: 1)
Decision-making and problem-solving, 2) Creative thinking and critical think-
ing, 3) Communication and interpersonal skills, 4) Self-awareness and empathy,
5) Coping with emotions and coping with stress. Moreover, WHO indicated in
the school the ideal environment for training them and ensure the health and
well-being of children and young adults.

In 2006, the European Parliament and the Council of the European Union
adopted a Recommendation on Key Competences for Lifelong Learning [6]. A
recent Recommendation of European Council [8] redefined these competences
by integrating several themes like inclusion, sustainability, gender equality and
c© Springer Nature Switzerland AG 2020
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global citizenship. The Recommendation focused on the values of curiosity, cre-
ativity and the ability to relate to “the other” (intended as a person, context,
culture, diversity), alongside the abilities of critical thinking and resilience. The
document takes into account the importance of knowing how to evaluate the
risks associated with transformations, the ability to read contexts, the need for
a continuous state of self-reflection as well as the control of communication and
relational phenomena.

All these steps led to the definition of what today is identified as 21st-century
skills, that are the skills that human beings need to train to be good citizens,
successful workers and to be able to cope with a context (the 21st century) [10]
and that also UN 2030 agenda [5] reports as critical goals.

This perspective requires a careful approach to the design of learning spaces,
and the necessity to reorganize the structure of the classroom in study groups
to allow students to experience an environment based on peer education and
cooperative learning. To do this, frontal teaching and fear or derision are not
only useless, but can even dramatically prevent the learning process.

The need to rethink the teacher role and the very essence of teaching, moving
from a mere transfer of information to the idea of building knowledge in action,
is a matter of fact.

Piaget [15] argued that the methods used to obtain or create knowledge
influence the validity of the resulting knowledge. Indeed, the pedagogy of the last
century, which for brevity cannot be examined in detail, has widely debated the
role of games within the child’s learning process, because playing is the natural
way of learning from birth, starting by social rules in a controlled situation,
and if properly guided by an adult, it can serenely stretch towards the zone of
proximal development (ZPD) to discover new horizons [23].

A huge number of authors have published examples of activities useful for the
development of life skills in the classroom [12] also through the use of storytelling
[4,18] or role-playing games [1,16,19].

The gamification of learning develops and enhances in an exemplary way
most of the skills and competences, bringing out the hidden talents of children
and teenagers and bringing out the potential mix of multiple intelligence of which
each person is the expression [9], all to be developed according to the different
cognitive styles.

In this paper, after presenting the core principles of that empirical approach
that goes under the name of ‘harmony in education’, we try to understand how
these principles, which seem to respond naturally to the demands imposed by
21st-century skills, can guide the design of role-playing experiences. In particular,
we try to make explicit those design rules that have guided the creation of a
Dungeons & Dragons-based educational activity.

2 Harmony in Education Through Role-Playing Games

In the last decades many projects, initiatives, realities and experiences have
been born, realized above all by educators [11], but also by teachers [20] and
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psychotherapists [17], as well as by connected didactic or experiential laborato-
ries at major fairs in the recreational sector, such as Lucca Comics and Games
and Play Modena [2,21], just to mention the best known.

Over the years of teaching, the authors of this paper have progressively devel-
oped an empirical and integrated teaching methodology called ‘Harmony in Edu-
cation.’ One of the pillars of this method is the use of games and playing, employ-
ing a playful approach to traditional disciplines, the constant use of role-playing
(especially to solve relationship problems) for the development of personal and
social skills as well as peer collaboration.

The fundamental points for a true playful teaching cannot be separated from:

– Stimulation of the recognition of one’s own and others’ emotions to work with
emotional intelligence and develop empathy and the ability to interact with
others in a socially effective and constructive way (Goleman 2011);

– Continuous reflections on fair play and use of breathing techniques. This leads
to an awareness and acceptance of negative emotions, which are encouraged
to flow, including the fear of losing in competitive games, the sense of revenge
on the partner who has won and who is considered an enemy instead of an
opponent, the desire to collaborate to solve a problem, an enigma or develop
a project by combining different intelligences and sensitivities to create some-
thing new and more creative;

– A humorous approach to things that happen at school (Sclavi and Giornelli
2014), to learn not to take themselves too seriously and not to dramatize the
negative experiences that inevitably happen, trying to welcome them with
all the wealth of useful comments they bring with themselves. This allows an
acceptance of error not as an enemy but as a valuable ally and useful tool
for knowledge and bad marks as an indicator of performance and not of the
value of the person;

– The desire to have fun discovering, so the teacher does not drop all the knowl-
edge from above but provides stimuli so that students can become curious,
research and use creativity in learning also through the use of games or the
playful approach to educational experiences;

– An interdisciplinary approach, linked to the reality of the topics addressed in
school.

The techniques developed constitute real ‘motivational hooks’ that work well
even in difficult cases, improving inclusion at school: even initially very unmoti-
vated and oppositional pupils towards school change their attitude and become
positive examples of transformation and agents of diffusion of the method. It
should almost be taken for granted that in a society where hyper-specializations
in all areas tend to lose sight of the general concepts and uniqueness of the
person, the way of thinking and approaching knowledge is more important than
knowledge itself; knowing how to think is more important than remembering
every single detail, which is impossible. These reflections were employed in the
design of the case study that will be addressed in Sect. 4 of this paper. In par-
ticular, our goal is to provide readers with tools that can help them adapt this
case to other similar cases in primary and secondary schools.
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3 Dungeons & Dragons: From Tabletop Game
to Educational Tool

Dungeons & Dragons (D&D) is arguably the most famous tabletop role-playing
game (RPG) and still actually the one which is most played all over the world
[13]. Originally published in 1974, D&D has known many iterations, up to the
5th edition (D&D 5e) which was published in 2014 and met with a very high
success: in 2017, Wizards of the Coast (the publishing company) estimated that
the player base of D&D 5e includes 8.6 million American players [24], while more
recently Wizards of the Coast estimated there to be more than 40 million D&D
fans since the game was first released in 1974.1 D&D 5e’s primary goal was to
make the game simpler and provide younger generations with the possibility to
access the world of tabletop RPGs quickly and easily. In order to further increase
this process and to exploit the commercial success of such popular TV shows as
Stranger Things and The Big Bang Theory, both heavily influenced by D&D,
Wizards of the Coast released a Starter Set aiming at attracting even younger
players (Fig. 1).

Fig. 1. D&D Starter Set - Wizards of the Coast c©.

Although the Starter Set2 suggested a starting age of 12+, the case study
we address in this paper proved that even 9-year-old children can be easily
introduced to the world of D&D, as we will describe in the following Section.
Implementing the use of the game with young children brings us to reflect on
the role of D&D as an education tool. There are several studies showing how
to use D&D to integrate curricula in elementary schools [3] or in higher grades
[22]. Since the restrictions due to the COVID-19 lockdown made it impossible
to physically meet at the table to play, the case study described in the following

1 https://www.cnbc.com/2020/03/14/critical-role-helped-spark-a-dungeons-
dragons-renaissance.html.

2 https://dnd.wizards.com/products/tabletop-games/rpg-products/rpg starterset.

https://www.cnbc.com/2020/03/14/critical-role-helped-spark-a-dungeons-dragons-renaissance.html
https://www.cnbc.com/2020/03/14/critical-role-helped-spark-a-dungeons-dragons-renaissance.html
https://dnd.wizards.com/products/tabletop-games/rpg-products/rpg_starterset
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Section required the use of an online platform to run a D&D 5e adventure for the
educational experience we are discussing in this paper. Therefore, we decided to
use Roll20,3 probably the most used online virtual tabletop to play D&D. Roll20
was already used before the pandemic events of 2020, but its number of users
peaked in the first half of 2020 [7], as a consequence of the lockdowns. Roll20
provides the users with a clean and easy-to-use UI (Fig. 2), and the children
involved in our case study did not have any hard time learning how to move
and manage their player characters (PCs) on the map. The results of using the
D&D Starter Set, along with its introductory adventure called The Lost Mine
of Phandelver, with the Roll20 platform are fully described in the next Section.

Fig. 2. The Lost Mine of Phandelver map on Roll20

4 The Case Study

The experience reported in this paper did not stem out of a pre-designed peda-
gogic experience, although its results suggest that it could be designed as such.
Actually, this experience has been triggered by the concerns about the possible
negative effects of the lockdown period highlighted by a friend of the authors
who is also the parent of a nine-year-old student. The parent, worried about
the time spent by his son playing competitive video games and compulsively
watching videos on YouTube, shared his worries with a group of parents of the
same class. Starting from these considerations and relying on a shared passion
about role-playing games, the parent asked the first author of this paper to lead
as a master a D&D game activity to utilise the playing time of their children
for a more educational purpose. The main issue for the master was the need to
3 https://roll20.net/.

https://roll20.net/
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adapt the game design to the constraints imposed by the online context and the
young age of the students involved. Another issue for the master was her role as
a schoolteacher who usually stimulates her students with the importance of life
skills and the promotion of empathy, inclusion and solidarity: therefore, promot-
ing a game based on combat and defeating imaginary foes would be unacceptable,
as it would generate a distorted idea of what RPGs can be for young children,
already overstimulated by the competitiveness of traditional video games. By
playing tabletop face-to-face games, the master senses if the emotions generated
by the situation he/she presents to his/her players are too intense and can mit-
igate them, but at a distance this becomes much more difficult because some
communication channels, such as body language, are missing. In role-playing
with adults it is not a problem to deal with a bloody fight or to extract use-
ful information from an enemy by any means, but if players are children some
issues must be treated with all the pedagogy and psychology necessary to avoid
creating traumas. Therefore the group was created with four 9-year-old males
and a 12-year-old female (one of the other players’ sister) with the agreement
that the parents would be physically beside them, in order to manage both the
technical and linguistic aspects of the game software (Roll20) and any emotional
problems that could appear. None of the players and none of the parents (except
one) had ever played a RPG or knew what it was. The experience last about
two months with one session per week (every Sunday afternoon) for 2.5–3.0 h
per session. The Roll20 platform was used to simulate the game table with static
maps to display, on which the player characters can move and interact, as stated
in Sect. 3.

4.1 How to Adapt D&D to Primary School Children: Some Hints
for the Dungeon Master

When designing the experience, one of the authors of this paper decided to run
the adventure as a Dungeon Master (DM, the conductor of the game), exploiting
her skills as an emotional teacher, and shared her decision with the parents of
the five players.

The DM decided to use the RPG as a tool to stimulate the identification of
the other as much as possible, even at the cost of losing dynamism in the game.
The goal was to avoid bringing the typical criteria of first-person shooter (FPS)
games or competitive video games into the RPG as it would have been natural
for young Fortnite players.

However, such a new and different approach could have bored the children.
Fortunately, the strength of the storytelling and the discovery of being together
(even if virtually) and reasoning together by developing mutual listening, appro-
priately guided by the DM, would lead to unexpected success.

The DM adapted the spirit and rules to use D&D as a tool to stimulate
empathy towards non-player characters (NPCs) even when they were not really
friendly. All the NPCs were played by the DM, as usual for RPGs.

The Dungeon Master’s role mixes the skills of a narrator and director of
a show, in which, however, the actors work on a canvas without following any
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predetermined line. The DM frames the history and the environment in which the
PCs move, but cannot predict what will really happen because this depends on
the interactions between the PCs. Two different groups, while playing the same
adventure with the same DM, could find themselves building two completely
different stories.

Starting from the initial game, therefore, the DM studied the attitudes and
behaviors of the children, to address them and their PCs towards fair play and
prevent potential issues of prevarication and lack of inclusion. As a reminder, the
players included 4 nine-year-old boys and 1 eleven-year-old girl and some of them
did not previously know the others. In the case of children, thus, it was necessary
to establish rules and objectives that were more important than the plot itself.
The first rule was certainly linked to enhance active listening and respect for
the opinions of others: the DM’s initial task was therefore to find a spontaneous
method to stimulate the group to listen to the opinions of others and effectively
communicate their thoughts, which was not simple for the players.

To encourage this activity, the DM provided differentiated information to the
individual PCs who would succeed in a certain skill check4 and then invited those
who had succeeded to move temporarily to a private audio channel to describe
the details of the scene that was perceived or the insight that was gained. This
forced the other players to wait for the PC who was in the private audio channel
to come back to the group and then provide some elements of reflection on the
data collected, provided that he/she wanted to share them.

Everyone has always been given the possibility of conscious choice to share
their information or not. In the same way, some problematic situations were
solved thanks to the fact that the characters had different abilities and back-
grounds and that this diversity allowed to solve some game situations through
different modes. For example, a potentially critical situation occurred when it
became necessary and urgent to gather information from a group of goblins
(monstrous and generally evil creatures) who had been arrested. Initially, the
players had thought of torturing the unfortunate goblins (reenacting a very com-
mon scene in violent films and video games). However, the DM explained that
an RPG is generally based on the interpretation of a role linked to the so-called
alignment, i.e. the attitude of the PC towards the law (lawful, neutral or chaotic)
and towards ethics (good, neutral or evil). If even a single PC had a Lawful Good
alignment, then the torture action would become an ethically impossible choice,
since that PC would never allow his/her companions to carry out any form of
torture.

Therefore, the debate among children has focused on how to gather informa-
tion in any case while remaining consistent with one’s alignment. This ethical
dilemma is generally not addressed by groups of adult players, who already mas-
ter the notions related to moral choices; with children of this age, however, the
moral issue has become a priority and is connected to the topic of ‘harmony in
education’, as it was mentioned in the previous Sections. Even the idea of iden-

4 In D&D, each PC has several skills (Athletics, Insight, Perception, etc.) and an
individual’s proficiency in a skill demonstrates a focus on that aspect.
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tifying oneself as an imprisoned goblin, at the request of the Dungeon Master,
helped the children to understand a different point of view.

The results were not long in coming. The parents, initially worried about
technical difficulties and bearing some biases about role-playing, were continu-
ously present alongside their children as assistants, but saw the attitudes and
behaviors of their children change both in game and at home.

The children moved from an initial and generalized difficulty in expressing
their thoughts clearly, from overlapping in verbal interventions and initiatives,
from the tendency to perform reckless actions or aggressive dialogues with each
other or with NPCs, to more mature reflections on the possible consequences
that each word or action entails in the evolution of the characters and the story.
During the narrative phases, the DM has often used increasingly complex syn-
onyms to increase the language skills of the young players and discussed the
systems of government and production of goods of the (fantasy) medieval period
in which history took place and in which the PCs were interacting.

The DM implemented the investigative aspects of the plot to leave clues to
be transcribed in a logbook that would help the players make notes and rework
them critically. To this end, the DM introduced non-player characters that would
help players reflect aloud on clues found during the game session. The results
were a drastic reduction in fights (only 2 fights over 6 game sessions and without
victims, but only prisoners) and increased attention to details.

The DM played a low-volume background music to help the PCs’ immersion
in the game. The players gradually sensed that the type of music could also be
a clue to understand if there was to be on alert or if they could walk quietly.
The most interesting initial episode that gave a twist to their superficial attitude
occurred when a player who had to ingratiate himself with a potential NPC ally,
in order to hurry up and move forward with the plot, decided instead to threaten
the NPC with retaliation, in case the NPC did not want to collaborate. Critical
success in the threat resulted in the potential ally being turned into an enemy.
Faced with this change of perspective, all players felt challenged and began
to think before acting, calculating the potential consequences of an uselessly
aggressive attitude.

The story developed so that each player defined the psychology of their char-
acter by trying to think and identify with him/her, learning many new words
and new meanings, describing at the moment what each of them would do if
faced with a problem or a decision to be taken or a social interaction to be
developed.

The DM thus led the players to develop the stories of their PCs and the
interactions among them, by constantly asking to:

– Develop their abilities to translate their thoughts into words and sentences
that the other players could easily understand and deal with. This revolves
around the ideas of communication and interpersonal skills, the 3rd goal
described in the life skills section above.

– Define the psychology of their PCs, by trying to think as the PCs would think
and immerse themselves in their respective roles; describe their feelings and
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understand that a PC’s feelings could differ from a player’s feelings; express
their likes and dislikes about the other PCs and share all of these reflections
with the group. All these topics revolve around the ideas of self-awareness
and empathy, the 4th goal described in the life skills section above.

– Explore creative thinking by focusing on alternative ways to solve the situa-
tions that arise in the game and the social interactions to be developed. This
revolves around the ideas of creative thinking and critical thinking, the 2nd
goal described in the life skills section above.

– Learn how to get to a common decision and discuss the various hypotheses,
analyzing their pros and cons in emotionally immersive modes. These top-
ics revolve around the ideas of decision-making and problem-solving, as well
as coping with emotions and stress, respectively the 1st and the 5th goal
described in the life skills section above.

4.2 The Parents’ Point of View

In this section, we report and comment on the feedback from three parents of
the children involved in the experience.

One element that emerges in all the observations reported by parents is the
ability of RPGs to create an environment that naturally stimulates social skills.
A parent states: “Right from the start, the game led them to socialize with other
children they did not know.” This form of complicity crossed the boundaries of
the game session; in fact, they were used to “call a friend to comment on the
game, or to draft the logbook.”

Closely related to social skills are the opportunities offered by the game to
develop negotiation skills. A parent states: “The game has undoubtedly developed
complicity in reaching common goals, has improved relationships between chil-
dren, has given a positive image of the comparison and made them understand
that even a ‘conflict’ in decision-making was often the only way to reach the goal
they had” On a related note, another parent adds: “His relational skills have
improved, especially in negotiating and respecting the rules.” The rules were eas-
ily and naturally introjected by the children, as confirmed by the mother of the
two brothers: “In just a few game sessions, the children immediately understood
the rules and strategies, tackling with the problem-solving abilities of a 9-year-old
boy, of course, the small hindrances they gradually encountered.”

Another cognitive and emotional dimension developed by RPGs is that of
imagination and creativity, a feature that clearly distinguishes this type of game
from traditional games. A parent states: “His attention has finally been diverted
from video games and, contrary to the video game, in which the player’s imagina-
tion is harnessed rigidly by the mechanics of the format, with RPGs he has finally
started to make his fantasy work again. He is enthusiastic about the adventures,
and the creative process continues beyond the hours of play.” An opinion shared
by the mother of the two little brothers who says: “Both give a positive opinion:
they say it is fun and that while they play, they imagine the places and char-
acters (and also the other players, with whom they have never met in person).
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They compared this process of imagination to what happens when reading a book,
stressing that in the game, it is even more intense [...].”

Other comments recall the active role perceived by the children in the activ-
ity: “They feel they have an active role in an activity in which they interact with
others, making it indeed more pleasant and probably more effective.”

Finally, it is significant to quote a comment that shows how RPGs can pro-
foundly affect the behaviour of participants. A parent says: “albeit always want-
ing to win, my son is now mainly interested in adventure, fun and cooperation.”

5 Conclusions

In this paper, we presented a role-playing experience with a group of 9 to 12-
year-old children during the COVID-19 lockdown period. An experience that
has not been conceived following a scientific and structured approach, but whose
results confirm the solidness of this way of engaging children and provide several
valuable insights for further investigation. The analysis of the literature shows a
lack of validated theoretical framework able to support the DM in the design of
a D&D role-playing educational activity. The experience showed how the design
of a role-playing game like D&D, given the complex context due to the young
age of the players and the online gameplay, is all but a trivial task. The DM
had to adapt the game design elements (e.g. rules, story and interactions with
students) in the absence of validated guidelines but could take into account her
own experience on the promotion of life skills in the classroom. The present
study presents limitations both in terms of numbers of players involved and
quantitative data. Nevertheless, the changes observed in the children involved
both by the DM itself and by their parents demonstrate the effectiveness of the
proposed approach. This work is only a first step in the broader definition of an
evidence-based design methodology to support the DM in the design of a D&D
role-playing educational activity. Such an activity can also promote and develop
life skills, as discussed in the previous section and witnessed by the parents.
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Abstract. The purpose of this study was to investigate flow experience and situa-
tional interest in amath learninggame that included adaptive scaffolding. Fifty-two
Finnish 5th graders played the game about fractions at home during COVID-19
enforced distance learning. The results showed that flow experience correlated
positively with situational interest. Importantly, a deeper analysis of the Flow
Short Scale (FSS) subscales revealed that only absorption by activity but not flu-
ency of performance explained variance in situational interest. That is, at least in
game-based adaptive learning, situational interest is mostly related to immersive
aspects of flow. Results also revealed that students with better in-game perfor-
mance had higher flow experiences, but their levels of prior knowledge were not
related to flow levels. In contrast, studentswith lower prior fraction number knowl-
edge showed higher situational interest, which might be partly attributed to the
additional game elements provided to struggling students in the form of adaptive
scaffolds. Moreover, the study demonstrated that the developed adaptive scaf-
folding approach and in-game self-reporting measures worked well. Finally, the
implications of these findings for flow experience and situational interest research
in game-based learning context are discussed.

Keywords: Flow experience · Situational interest · Game-based learning ·
Adaptive scaffolding · Mathematics

1 Introduction

Digital learning environments and game-based learning offer various tools to support
learning in students, such as real-time feedback and adaptivity. Recent research indicates
that adaptive learning can be more effective than non-adaptive forms of learning (for a
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review, see [1]) and might be particularly useful for challenging topics. In the domain
of mathematics education, fractions are considered to be one of the most difficult topics
and many students struggle to understand fraction magnitudes (e.g. [2]). Appropriate
adaptive feedback or scaffolds might be helpful to support students in learning fractions,
including increasing their engagement. Scaffolding refers to support provided during the
learning processes to assist a student in achieving something that would be hard or even
impossible without assistance [3]. That is, scaffolding temporarily reduces the demands
of the task to facilitate learning. With respect to game-based learning, the extended
three-channel model of flow [4] suggests that scaffolding may also increase players’
engagement as it helps to balance the challenge and skills of struggling players leading
to higher possibilities for flow experiences.

1.1 Playing Experience

The evaluation of playing experience is important in educational game design. The
enjoyment level that game-based learning produce is a key factor in determining whether
a player will be engaged in the gameplay and achieve the desired learning objectives [4].
Flow experience is one of the most popular constructs to describe playing experience [4,
5] and it can be used to evaluate the quality of the playing experience as well as game-
based learning solutions [4, 6]. Flow refers to optimal experience, where an activity is
so pleasant that a person wants to perform it again and again without being concerned
with what he will get out of it [7]. “The state of flow is characterized by a combination of
several specific aspects, namely, (1) concentration, (2) amerging of action and awareness,
(3) reduced self-consciousness, (4) a sense of control, (5) a transformation of time, and
(6) an experience of the activity as intrinsically rewarding” [8]. Flow can be considered
as a special form of enjoyment [9, 10] involving several requirements such as clear
goals, immediate feedback, undivided attention to the task at hand, and skills matching
the challenge or demands of the activity. Flow experience seems to be positively related
to playing performance (e.g. [4, 11]) and can be divided into dimensions, such as fluency
of performance and absorption by activity [12].

Situational interest is another construct that may explain students’ engagement in
game-based learning [13]. Situational interest refers to attentional and emotional reac-
tions induced by the environment, for example, a learning environment (e.g. [14]). There
is a growing body of literature suggesting that situational interest increases attention,
cognitive processing, and persistence (e.g. [15]) that seem to be in line with several
characteristics associated with flow experience. Although excitement and fascination are
common characteristics of situational interest, it is distinct from enjoyment, as it also
includes elements relating to the subjective value of the interest object or involvement
in the activity [16].

1.2 Present Study

In this paper, we examine flow experience and situational interest in a math game that
includes adaptive scaffolding. One aim of game-based learning is to elicit situational
interest and flow experience, but to our knowledge, the relation of these constructs has
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not been examined in a game-based learning context yet. Further, it is of great inter-
est to game designers and learning material producers to understand how the level of
prior knowledge and in-game performance are related to situational interest and flow
experience in learning solutions that include adaptive scaffolding features, as this knowl-
edge might help to optimize the playing experience. Therefore, the aim of the present
study was to investigate relations between prior knowledge, game performance, flow
experience, and situational interest. Additionally, the implementation of the developed
adaptive scaffolding system, and in-game self-report measures was evaluated.

To investigate the associations of flow with prior knowledge, game performance,
and situational interest, we had three hypotheses. (H1) As flow and situational interest
constructs share several common characteristics, we did expect that flow experience and
situational interest have a positive relation. (H2) As subjective flow experience should be
associated with high performance [12], we did expect that in-game performance and the
level of flow are positively related. According to the knowledge-deprivation hypothesis,
perceived lack of knowledge leads to situational interest [17]. (H3) Thus, we did expect
that situational interest and prior knowledge are negatively related.

2 Method

2.1 Participants

This study included 52 fifth graders (age approx. 10–11 years) from eight schools in
Helsinki, Finland. The study was approved by the city of Helsinki’s ethical board and all
students had parental permission. Originally, over 200 students had permission to partic-
ipate, but as the study was held in spring 2020, the COVID-19 pandemic, unfortunately,
forced the schools into a lockdown, which greatly affected our data gathering.

2.2 Description of the Game

We used our math game research environment, an extended version of the Semideus
game engine [e.g. 11], to create a Number Trace fraction game for this study. The basic
mechanic of the game is based on a number line estimation task, which requires users
to indicate the position of a given number on a horizontal line with only its endpoints
specified (e.g., where goes 4/5 on a number line ranging from 0–1). Ample research
indicates that the number line estimation task can be used to assess, as well as train,
students’ understanding of number magnitude (for a review, see [18]).

The player controls a dog character and tries to locate bones hidden in the forest. The
location of the bone is displayed as a symbolic fraction, visual representation, or mixed
number. The player has to estimate the location and walk the dog to it. On some tasks,
the walking is replaced with sequential jumping where the jump length is fixed to some
mathematically meaningful sequence (usually unit fraction of the task). For example, if
the estimated value is 3/7, the dog would need three jumps (3 * 1/7) to move from the
left side of the number to the bone. Some tasks also included enemies that had to be
avoided or destroyed. The number line ranged either from 0 to 1 or from 0 to 5.
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Adaptive scaffolding was based on players’ competences on three categories: frac-
tions on a number line from 0 to 1, fractions on a number line from 0 to 5, and mixed
numbers. The competence level of the category was the mean of student’s five most
recent answers to tasks relevant to the category. Adaptive scaffolding was triggered to
assist the player based on their competence levels. That is, if the system identified that
a player had minor difficulties with a certain competence, in subsequent tasks dealing
with the same competence, scaffolding would trigger and assist the player if the ini-
tial answer was incorrect. If the player had more severe difficulties, the assistance was
provided immediately at the beginning of the task.

The scaffolds included in the game:

• Shows the improper fraction as a mixed number. For example: 5/2 → 2 ½
• Shows the fraction number as a pie graph to provide visual representation.
• Subtracts the fraction to the smallest common factor. For example: 4/8 → 1/2
• Summons birds to divide the number line into equal sections based on the denominator
of the fraction to be estimated. For example: 3/8 → divide into eight sections

• Summons worms to visualize improper fractions or mixed numbers (see Fig. 1).
• Jumping shoes activates the jump movement (as described above).

Fig. 1. On the left: A game task on a number line ranging from 0 to 5. The player has to estimate
a mixed number 2 ¾. A scaffold “Worm” has been activated, which fills the number line with
worms thus dividing it into five sections. On the right: A task from the flow questionnaire level.
The answer is given on a continuous scale from 1 to 7 with the exact value shown.

The game also supports text-based questions that were used to implement in-game
questionnaires (self-report measures). Instead of an estimation task, the student would
see a question. The answering is still done using the number line by walking the dog
character to a position that reflects the wanted value. The exact value is clearly visible
above the dog, so the student knows exactly what he/she is about to answer. The number
line range defines the used answer scale. For example, range from 1 to 5 means the
question has a continuous scale from 1 to 5.
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2.3 Measures

Prior knowledgewasmeasured with a pretest that was conducted using a browser-based,
non-gamified platform, developed by the authors. It contained eight number line items,
where the student estimated the location of a fraction by dragging a marker on a number
line. The answer was deemed correct if its accuracy was at least 92% for number lines
ranging from 0–1. For number lines ranging from 0–5, an accuracy of 90% was enough
for the answer to be considered correct. In addition, there were six ordering items, where
the student had to drag boxes (3 or 4 per task), each containing a fraction or a mixed
number, into an ascending order based on given values. Prior knowledge was calculated
by taking the percent of correct answers.

Game performance in the Number Trace game was measured using the estimation
accuracy percent of the initial answer on each task in levels 10–18 (see procedure). If the
student answered incorrectly, the game offered another attempt, but the latter answer was
not taken into account in our performance measurements. Scaffold count was calculated
by tracking the number of tasks, where the student was scaffolded.

Situational interest was measured with a question “The tasks of this game level were
interesting”, which was asked at three different stages of the levels included in this study.
Flow experience was measured with a slightly modified version of the Flow Short Scale
[12] using a total of 10 items (6 items for fluency of performance; 4 items for absorption
by activity). The statements were changed to past tense and made the activity to refer to
game playing (see Appendix A).

2.4 Procedure

The teachers were supposed to hold five school classes (45 min each) within a four-
week period, in which the students would complete the pretest, and play the Number
Trace game. During this period, the teachers were instructed not to teach fractions in
any other way. But, as mentioned, school lockdowns interrupted the intervention, which
forced us to re-evaluate our participant inclusion criteria for this study. Some teachers
decided not to continue playing, but with the classes that continued the playing at home,
we faced another issue: as different classes had progressed at different schedules, there
were some variations on how far the students had progressed on the game content before
the lockdown that we had to take into account.

Fig. 2. The planned procedure of the study, which was interrupted by distance learning due to
COVID-19. The parts marked with “Excluded” were not included in the data used in the study.
We were unable to conduct the posttest. Situational interest item in levels: 10, 13 and 16.
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Every student had completed the pretest at school. As Fig. 2 shows, we included
levels 10–18 and the subsequent flow questionnaire level in the data. The levels 1–9 had
too much variance in had those been played at school or at home and therefore had to be
omitted. Levels 19–24 were excluded because too many students had not reached those
during the intervention. Each level contained 10 fraction estimation tasks, meaning there
were a total of 90 tasks included in this study. Of these tasks, 60 had potential scaffolding
available. We were unable to conduct the planned posttest.

Situational interest was measured in levels 10, 13 and 16 using an in-game question
(see Sect. 2.2). After level 18, the students completed a level that included the modified
Flow Short Scale. The level started with one training item, which was not included in the
data, to remind students how to answer the in-game questionnaire items, and to clarify
that tasks in this level are not like the previous level’s mathematical tasks.

3 Results

The descriptive statistics and reliabilities of the used scales for the measured variables
are listed in Table 1. The modified Flow Short Scale (and its subscales), the situational
interest items, and the pretest’s prior knowledge questions all had at least good internal
consistency (Cronbach’s alpha). Additionally, we explored the data for anomalies, such
as answering patterns and too short answer durations. As a result, we identified two
students, who both had very short answering durations and all their answers were at
default value. They were omitted from the flow experience measurements. It seems that
our in-game self-reportingmeasuresworkedwell, aswe had to exclude only two students
and the internal consistency of the measures were good.

Table 1. Descriptive statistics and reliabilities of the used scales for the measured variables.

Mean SD Median Scale
Flow experience 4.44 1.23 4.44 1-7 (α = .870)

Fluency of performance 4.72 1.23 4.85 1-7 (α = .852)

Absorption by activity 3.87 1.52 4.04 1-7 (α = .765)

Situational Interest 3.36 1.08 3.55 1-5 (α = .773)

Prior Knowledge 52.3 25.8 50.0 0-100% (α = .836)

Game Performance 93.9 2.04 93.9 0-100%
Scaffold Count 5.85 6.07 4.00 -
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The combined average of all flow items wasM = 4.44 (SD= 1.23). This was slightly
below the overall Flow Short Scale mean (4.7) attained with various activities and across
various previous studies [12]. Fluency of performance subscale (M = 4.72, SD = 1.23)
scored above the overall mean, while absorption by activity subscale (M = 3.87, SD =
1.52) scored below. The correlation between the subscales was large (r = .60, p< .001)
that is consistent with [12].

In this study, the correlation between several variables, such as flow experience, was
studied (see Table 2). In line with Hypothesis 1, we found that flow experience was
related to situational interest (r = .41, p = .003). In order to get a deeper understanding
of this relation, we ran a multiple regression analysis with situational interest as a depen-
dent variable and the two subscales of flow - i.e. fluency of performance and absorption
by activity - as predictors. The results of the forced-entry multiple regression indicated
that absorption by activity (standardized Beta = 0.59, p < .001) explained 27.2% of
the variance [F(2, 49) = 9.15, p < .001; adjusted R2 = .24]. Fluency of performance,
however, did not account for a unique part of the variance in situational interest (stan-
dardized Beta = −0.13, p = .41). In line with Hypothesis 2, we found a correlation,
albeit only a small one, between experienced flow and in-game performance (r = .33, p
= .016). This suggests that the students with better in-game performance, had a higher
experience of flow.

Table 2. Correlations (Pearson’s r †) between the measured variables.

1 2 3 4 5
1   Flow Experience 1
2   Situational Interest .414** 1
3   Prior Knowledge .092 -.380** 1
4   Game Performance .329* .016 .368** 1
5   Scaffold Count -.176 .065 -.386** -.659*** 1

   Note. * p < .05, ** p < .01, *** p < .001 
† The same analysis with Spearman’s  correlation did not change the results substantially. 

Addressing Hypothesis 3, we found a medium negative correlation (r = −.38, p =
.002) between prior knowledge and experienced situational interest. Students with less
prior knowledge were more likely to experience higher situational interest than students
with higher prior knowledge. However, there was no correlation (r = .02, p = .909)
between situational interest and in-game performance.

Out of the 90 total tasks included in the study’s game level, 60 tasks included scaf-
folding features. The best players completed the game without seeing any scaffolds,
while the most struggling student saw scaffolds on 23 tasks (M = 5.85, SD = 6.07). As
designed for, the adaptive scaffolding system provided more scaffolds to students with
weaker prior knowledge as indicated by the medium negative correlation (r = −.39, p
= .005) between scaffold count and prior knowledge. The large negative correlation (r
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= −.66, p < .001) between scaffold count and in-game performance was also expected
as the scaffolds were targeted for low performing players.

Finally, a paired-samples t-test was conducted to compare estimation accuracy in the
pretest and in the game levels (10–16) that included similar estimation tasks. Only the
first answer for each task was included. The answers affected by scaffolds (0.5% of all
answers) were excluded. The accuracy was significantly higher in the game (M = 94.1,
SD = 1.82) than in the pre-test (M = 84.3, SD = 7.18), t(51) = 10.6, p < .001, d =
1.47.

4 Discussion and Conclusion

Player enjoyment is a crucial goal of games and game-based learning. If players do not
enjoy the game, they will not play the game at all or they will play the game only super-
ficially without investing cognitive resources to consider the challenges and the content
of the game deeply enough. The purpose of the current study was to build a better under-
standing of engagement in game-based learning. Particularly, we investigated students’
playing experience in an adaptive math game through flow experience and situational
interest and reflected these findings in relation to students’ prior knowledge and in-game
performance.

In line with Hypothesis 1, we found a positive relation between flow experience and
situational interest, indicating that these constructs are partly parallel. Importantly, a
more detailed analysis revealed that the flow subscale, absorption by activity, explained
situational interest, while the fluency of performance subscale did not contribute to it. As
expected inHypothesis 2, we found that students who performed better in the game also
experienced more flow, which is in line with previous research [12]. This would support
the use of adaptive scaffolds as they may help the students with less competence to
perform better and thus, presumably, experience higher flow aswell. In contrast, in-game
performance was not related to situational interest. In fact, this can partly explain why
fluency of performance subscale did not predict situational interest. Although flow was
not related to prior knowledge, it seems that flow is more competence-oriented construct
than situational interest. With respect to Hypothesis 3, our finding that prior knowledge
was inversely related with situational interest further supports our inference about the
meaning of competence in flow and situational interest. The results are in accordance
with Rotgans and Schmidt’s [17] study indicating that knowledge accumulation tends to
be inversely related to situational interest. Further, their study indicates that perceived
lack of knowledge leads to situational interest, which in turn leads to learning. Thus, it is
important that the game provides immediate feedback on players’ competences, which
helps to trigger and maintain situational interest.

In the current study, learning analytics of the game was successfully used to identify
students that needed assistance. Consequently, weaker students were scaffolded, which
balanced the game’s challenge for them. Asmentioned, students with lower prior knowl-
edge experienced higher situational interest, which we, in addition to lack of knowledge,
attribute to the additional game mechanics offered to them through adaptive scaffolding.
Likely, the used scaffold mechanics have triggered situational interest in players as they
may have perceived the scaffolds as novel and personally relevant events that have also
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helped them to identify the existing knowledge gaps. The downside of scaffolding is
that it only supports students who need assistance. We believe that flow and situational
interest could have been facilitated with adaptive features that consider also the needs
of well-performing students. In the current implementation, better-performing students
missed some of the game features as the scaffolds were not shown to them. This could
be compensated by including features that increase the difficulty, like extra enemies to
make playing harder, or ways to increase the mathematical difficulty. For example, one
of the scaffolds subtracts the fraction number to the lowest common factor. This could
be reversed by expanding the original fraction number into “larger” and more difficult
factors. With respect to better-performing students, the increased difficulty would prob-
ably facilitate flow as the challenge would be better balanced with skills, and the novel
features and possibly aroused knowledge gaps would facilitate also situational interest.

We used in-game questions to measure flow and situational interest. The study
demonstrated that we managed to successfully utilize the game’s core mechanics to
embed self-report items into the game. The answering was fluid and did not distract
the students or disrupt the playing experience. Only the answers of two students had to
be removed from the analyses, as they were clearly invalid. That is, the results suggest
that such in-game self-report measures do not encourage careless responding. In fact,
our approach was an effective way to collect the students’ experiences during game-
play as answering the questions was mandatory in order to progress in the game. The
in-game approach works well to measure especially situational interest, as it allows an
easy and non-distracting way to collect repeated measures providing more exhaustive
insights in what happens during the gameplay compared to common before or after game
measurement approaches.

The limitations of this study revolve much around the pandemic-enforced school
lockdowns, which altered the research design quite a bit from the original. First of all,
it greatly reduced the sample size (N = 52), reducing the statistical power of the study.
It also forced us to exclude some early game levels from our analyses that complicates
the interpretation of the results. We were also unable to conduct the planned posttest,
so we had to evaluate learning outcomes by comparing the estimation accuracy of the
pretest to an “ad-hoc posttest”, i.e. estimation accuracy of the selected levels of the
game. This comparison indicated that playing the Number Trace game significantly
improved students’ conceptual fraction knowledge. However, the large improvement
needs to be interpreted cautiously as the tasks of the pretest and game were not entirely
comparable. Further, the lack of a proper posttest also meant that we could not include
a control group in the analyses. Even though we did manage the difference in playing
surroundings by making sure that the measured game content was not played partly at
school and partly at home, but only at home, we expect that there were variations at
students’ home surroundings. Things like distractions, technical issues, or parental help
during the play might have affected the results.
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To conclude, the current study advances the game-based learning field by shedding
light on the unaddressed relationship between situational interest and flow experience.
The results indicated that although these constructs are positively related, there are
also differences. It seems that the immersive aspects of flow experience, rather than
the competence related aspects, are associated with situational interest. Unlike flow,
situational interest seems to be inversely related to knowledge accumulation and is
triggered by perceived lack of knowledge. Thus, adaptation of feedback (ensuring that
player perceives knowledge gaps) should facilitate situational interest, and challenge
adaptation (balancing challenge to player’s skills) should facilitate flow. On the practical
side, as both the flow and situational interest constructs aim to explainwhy people engage
in activities, they are useful measures for game design that can be used to evaluate
playing experience as well as the quality of game-based learning solutions. Further, the
results provide some validation for the proposed use of game’s core mechanics to collect
self-reported playing experience data.

Acknowledgments. Research was funded by the Academy of Finland (grant numbers: 326618
and 310338).

Appendix

Appendix A. Modified flow short scale questions

Question Fluency of 
performance

Absorption 
by activity

1 The game provided just the right amount of 
challenge.

x

2 My thoughts/activities ran fluidly and 
smoothly.

x

3 I didn’t notice time passing. x
4 I could concentrate on playing. x
5 My mind was completely clear. x
6 I was totally absorbed in playing. x
7 The right thoughts/movements occurred of 

their own accord.
x

8 I knew what I had to do in the game. x
9 I felt that I had everything under control. x
10 I was completely lost in thought. x
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Abstract. The present paper describes the design and evaluation of an adventure
videogame developed to cover the mathematics primary school curriculum. The
narrative of the game is based in the history of mathematics and, to win, the player
needs to travel through time, starting from the ancient Egypt and finishing at the
modern world. To achieve that, the player interacts with real-life characters, such
as Pythagoras of Samos, learning about their contributions to the field and using
this knowledge to solve puzzles. The aim of the research presented in this paper
is to understand the effects of the game on students’ mathematics performance
and levels of mathematics anxiety, a clinical condition where feelings of tension
emerge during the manipulation of numbers. The game was tested by children
from the first and second classes of Irish primary schools (n = 88). Students
played the game for 3 weeks on weekly sessions of 45 min to 1 h. The experiment
had a pre post-test design and students answered the Modified Abbreviated Math
Anxiety Scale (mAMAS), and amathematics test designed based on the content of
the game. Statistical analysis suggested the game significantly improves students’
mathematics performance. However, it increases the levels ofmathematics anxiety
on female students, opening discussion for considering what aspects of game
design influences the levels of mathematics anxiety for this specific group.

Keywords: Mathematics anxiety · Primary school · History of mathematics

1 Introduction

International concerns about mathematics education involve factors related to children’s
poor level of understanding abstract concepts and their application to real life [1]. Tra-
ditional educational tends to focus on procedural and inflexible knowledge, leading
students to look at mathematics as a cold-blooded subject that cannot be mastered by
everybody. A research proposed 1,496 students from primary and secondary schools
to write an essay with the theme “Me and Maths” [2]. The results suggest many of
the essays are characterized by failures and unease, and students show a low perceived
competence joint to the instrumental vision of mathematics. This is, according to the
authors, reinforced by repeated experiences perceived as failures, when students feel
they do not control their performance and conclude to be useless to work on it. Besides,
students described they used to have a positive relationship with mathematics during
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I. Marfisi-Schottman et al. (Eds.): GALA 2020, LNCS 12517, pp. 232–241, 2020.
https://doi.org/10.1007/978-3-030-63464-3_22

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-63464-3_22&domain=pdf
https://doi.org/10.1007/978-3-030-63464-3_22


Design and Evaluation of an Adventure Videogame 233

primary school, but it became negative in secondary school. This can be related with
the development of a clinical condition known as maths anxiety, a collection of negative
feelings associated with activities that involve the manipulation of numbers and calcu-
lations [3, 4]. This condition can lead to poor performance at school and at work [5].
Different interventions are proposed to overcome or prevent mathematics anxiety, such
as the adoption of a game-based learning approach. Educational games can bring maths
to a context of problem-solving, making it more recognizable and less frightening. This
paper contributes to exploring the impact of a mathematics videogame on learning out-
comes and levels of anxiety. The game’s narrative is based in the history of mathematics
and allows the player learns mathematics while using it to solve problems.

2 Background

2.1 Learning Mathematics Through a Historical Perspective

Using the history as a teaching tool allows pupils to experience mathematics as a field
that is constantly in development [6], avoiding them to think about mathematics as a
given science ready to be used. Learning through history is not a new approach. In 1899,
the Italian historian Gino Loria advocated for the use of a historical perspective in maths
education, indicating teachers should adopt it to revisit elementary concepts. This helps
students to understand that mathematics results of a contribution from different cultures,
connects with other disciplines, and stimulates scientific, technical, artist and social
development [7]. Other researchers consider using history as a tool to teach mathemat-
ics may motivate students while sustaining their interests and excitement [8]. Moreover,
a historical approach humanizes mathematics, making it less frightening, and students
may find comfort in knowing that concepts they find hard to learn took thousands of years
to shape into their final form [9]. Today, the use of history to teach mathematics is part of
initiatives from established organizations and is subject of conferences, papers and inter-
national discussions [10], such the History and Pedagogy of mathematics, a study group
affiliated to the International Commission on Mathematical Instruction (ICMI) created
in the 1970s. Still, teachers face some challenges while implementing this approach in
their classroom. The time is already limited to the curriculum coverage and the addition
of the history of mathematics may be time-consuming; besides, teachers find it hard to
locate material about this topic [11]. This paper describes a game designed considering
these and other challenges involved in the integration of history to mathematics.

2.2 Mathematics Anxiety and the Challenges Behind It

Due to a lack of understanding of how mathematics can be useful in daily life, students
can feel frustrated and develop low confidence during the learning process. This can lead
to the development of mathematics anxiety, a condition that can cause adverse effects
on career choice and professional success [12]. A longitudinal study with 413 middle-
school students showed that there is a significant growth of mathematics anxiety at the
end of sixth grade, highlighting the importance of early interventions [13]. A variety of
strategies have been studied in an attempt to prevent mathematics anxiety, such as guided
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imagery sessions [14], cognitive tutoring [15],mindfulness sessions [16], and games [17,
18]. Still, more research is needed to better comprehend how these interventions act and
when they should be implemented. Researchers have identified that student’s gender
plays an important role in the levels of this condition. Female students tend to have
higher levels of anxiety than male students [19, 20]. Besides, a study with second-grade
students showed that the levels of mathematics anxiety only moderated mathematics
performance in girls [21]. Therefore, early school interventions to reduce mathematics
anxiety should also consider gender-specific aspects.

2.3 Learning Mathematics During the Primary School

The primary school level is essential for children’s cognitive development. What a stu-
dent learns during this phase of school can be crucial for later mathematics. For example,
if a child cannot understand fractions during primary school, there are few chances of
understanding simple algebraic equations in the future. This is shown by a longitudinal
study designed and implemented by [22]. The study had two samples. The first sample
had 3,677 students from the United Kingdom that had their mathematics proficiency
assessed when they were 10 years old, followed by another test when they were 16 years
old. The second sample had 599 students from the United States that had their math-
ematics proficiency tested when they were 10–12 years old and again when they were
15–17 years old. Both samples tested revealed that primary school students’ knowledge
about fractions and division uniquely predicted their knowledge and achievements in
high school. Thus, it is important to invest in looking for strategies and solutions that
can improve a better education in mathematics during the primary school.

3 Research Design

3.1 Description of the Game Design

The game designed and tested during this research is entitled Once Upon a Maths, a
free adaptation of the historical facts as an attempt to give a meaningful background to
mathematics. The game is composed of different phases containing short minigames.
This allows teachers to adopt the game in the classroom even if they do not have a lot of
time available. The player assumes the role of a time traveler protagonist, who decides
to go back in time. To achieve that, the player should interact with ancient characters
by watching animations where those characters describe how mathematics was used to
solve daily life problems during their times. The animation not only ignites the narrative
but also works as a brief tutorial to make clear to the player what is the aim of the
minigame that follows that animation. The character then challenges the player to solve
a challenge using what s/he just learned. If the player succeeds, the character gives
him/her a passport stamp, allowing the player to move to the next phase of the game.
The game can be accessed by any device with an internet connection and the child can
play by opening a browser and typing the address to the game website. When accessing
the game, the player finds a landing page where s/he can insert his/her details to log
into the system. After that, the user has access to the page that shows 9 islands, each
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Fig. 1. Landing page and phases page of Once Upon a Maths.

representing one of the challenges according to the historical period (Fig. 1). If the player
is accessing the game for the first time, all levels will be locked except for the first one.

The first phase of the game presents the mathematics from ancient Egypt (3100
B.C.E – 30 B.C.E). It is hosted by Nebamun, a sculptor who invites the player to visit
his house and presents the large collection of vases designed by himself. This phase
contains 3 minigames and each one covers one concept from the Ancient Egyptian
mathematics: the use of parts of the body to measure objects (Fig. 2), the use of maps,
and the implementation of pieces of metal to weigh animals and food.

Fig. 2. In this minigame, student must measure the vase using parts of the body.

The second phase of the game comprises the mathematics from the ancient Greece
period (1100 BC – 600 AD), presented by the philosopher Pythagoras of Samos, who
describes the connection between mathematics and music. The animation was inspired
by the registers that describe a moment where, while Pythagoras heard hammers in a
blacksmith’s forge and discovered that a balance between the hammers’ weight resulted
on a pleasant sound. This episode resulted on Pythagoras creating what is now known
as music harmony. The 3 minigames of this phase challenges the player to play a song
considering the relation between numbers and musical notes (Fig. 3).

The third phase of the game focuses on the mathematics concepts discovered in
the Modern era (from the 19th century until nowadays), and the three minigames are
open by an animation of the character Ada Lovelace, an English mathematician that is
considered by many researchers the first computer programmer [23]. Lovelace explains
what an algorithm is and tells a story from her childhood, when she was fascinated
about the idea of flying [24]. The player is then challenged to use algorithms to teach an
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Fig. 3. The student has to play the piano according to the numerical music sheet.

animal how to fly. The minigames in this phase consist of dragging and dropping pieces
of instruction to teach the animal how to fly among the clouds (Fig. 4).

Fig. 4. One of the minigames from phase 3, where the player learns about algorithms.

3.2 Empirical Experiment

This research is motivated by the following research question (RQ):
RQ: What are the effects of a digital game based on the history of mathematics on

the learning outcomes and anxiety in the primary school level?
Irish schools were recruited to be part of the experiment, which lasted 5 weeks.

Each participant class was visited once per week and the visit had a duration between
45 min and one hour. The first visit consisted in a pre-test phase when students answered
two questionnaires. The first is the modified Abbreviated Mathematics Anxiety Scale
(mAMAS) [25], a reliable and validated questionnaire that measures the levels of math-
ematics anxiety in students from primary school. The second questionnaire consisted of
a list of mathematics questions related to the content covered by the game, measuring
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students’ performance on those topics. The mAMAS is based on the Abbreviated Math
Anxiety Scale (AMAS) [26], and consists of a self-report questionnaire with nine items.
Children use a 5-point Likert scale to indicate how anxious they feel when dealing with
certain situations that involve maths, being 1 equal to low anxiety and 5 equals to hight
anxiety. The higher is the result, the more anxious the child is. Both questionnaires were
formatted so that it was more readable for young children, printed with large font size.
The mAMAS included sad and happy emoticons at the endpoints of the Likert-scale
to aid students in their responses. Each item of the mAMAS questionnaire was read
out loud and the students answered the questions by themselves. The next three visits
consisted of letting the students play each one of the three main phases of the game.
In Ireland, the average class size is around 25 students [27]. Therefore, 30 tablets com-
puters were brought to the classrooms for the game playing sessions. Students received
printed passports with their username and password to access the game. The passport
had three pages for students to get three different stickers as a reward for finishing each
phase of the game, besides a page where they could get stickers for each colleague they
helped. There was also a collection of pages for students to draw/register their adventure
through the history of mathematics. Then, in the final fifth visit, students answered the
mAMAS questionnaire again, and a modified version of the mathematics questionnaire.
As participation was anonymous, researchers did not have access to students’ names,
only their game usernames. Teachers were responsible for filling a spreadsheet linking
those details to students’ usernames in the games, so researchers could link students’
demographic data to their game performance and questionnaire results. The results were
collected and inputted in a database and the analysis was carried out through statistics
techniques using the software IBM SPSS Statistics 21. Statistics methods were applied
to evaluate if OnceUpon aMaths had any effect on the levels of maths anxiety of primary
school students. First, Wilcoxon signed-rank test was conducted to evaluate if there was
a significant difference between the pre and post-mAMAS test. Mann-Whitney U Test
was used to evaluate if students’ gender had an impact on the level of maths anxiety
considering both pre and post-mAMAS tests. We also aimed to identify if Once Upon a
Maths had any effect on students maths learning outcomes. The Wilcoxon signed-rank
test was applied considering the pre and post-Maths test.

4 Results

Once Upon a Maths was tested by users in three different classrooms from two schools
(Fig. 5). The first school is a catholic rural co-educational (mixed gender) school located
in county Kildare, Ireland. It is a primary level school and has around 200 students
registered currently. The game was played by 28 students from the second class of this
school. The second school is also a catholic co-educational school. Located in Dublin,
Ireland, this primary school has almost a thousand students enrolled currently. Two first
class classrooms of this school played the game, in a total of 60 students. Therefore, a
total of 88 students played Once Upon a Maths. From those students, 43 were females
and 45 males.
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Fig. 5. Students testing Once Upon a Maths.

4.1 Effects on the Game on Mathematics Performance

The Wilcoxon signed-rank test was also used to identify if Once Upon a Maths had
any effect on students’ performance in mathematics considering the pre and post-maths
test. The test revealed a significant increase in maths performance after playing Once
Upon a Maths (z = –4.407, p < .001, r = .5), with a medium effect. When evaluating
if this increase of performance was significantly different considering gender (male and
female) and maths performance group (low, medium and high), no significance was
found (gender: F (1, 67) = .953 and p > 0.05; maths performance: F (2, 67) = 2.699
and p > 0.05).

4.2 Effects of the Game on Mathematics Anxiety

We evaluated students’ levels of mathematics anxiety through mAMAS, a validated test
designed for primary school students. The maximum score is 45, which results from
the high level of mathematics anxiety, and the minimum is 1, resulting in a low level of
mathematics anxiety. To identify if Once Upon a Maths has any effect on the levels of
maths anxiety, statistical analysis was conducted to compare the pre and post-mAMAS
test answered by the students. The test revealed no reduction inmathematics anxiety after
playing Once Upon a Maths (z = –1.242, p = .214). However, considering the gender,
there was a significant increase in the level of mathematics anxiety for the female group
of students, with F (1, 71) = 12.480 and p = 0.001.

5 Conclusions

The novelty of this research consists of evaluating the use of a game based on the history
of maths as a tool to improve learning outcomes and reduce anxiety. Games, in general,
are a great way to approach the development of deep thinking and, if there is a good
narrative behind them, to show how certain puzzles represent real-life challenges. Once
Upon a Maths significantly increased the learning outcomes, which might be related to
the fact narrative-based learning leads students to connect the concepts learned to the
human experience [28], which can result in making abstract concepts more meaningful.
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OnceUpon aMaths did not affect the levels ofmaths anxiety considering thewhole group
of students but seems to increase those levels for female students. The gender differences
about maths anxiety are already well described [29] and it is known that girls tend to be
more anxious than boys, even when they have similar levels of performance [21]. Once
Upon a Maths considered design principles that make the game more attractive to girls,
like high use of visual learning approach [30], storytelling elements [31], and reduction
of competitiveness [32]. Many reasons should be considered to explain why girls tend
to have a higher level of mathematics anxiety than boys. Exposure to negative attitudes
about maths by role models like parents and teachers, a higher possibility of feeling
anxious when seeing another child with anxiety, and exposure to gender stereotypes are
only a few reasons that might lead girls to have higher anxiety than boys [21, 33, 34].
The way students build their social relationships plays huge importance in their learning
outcomes [35], further studies should evaluate the role social aspects play on the levels
of maths anxiety.
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Abstract. Leaderboards are a popular way to implement competition, trigger
social comparison, increase participation, and provide goals and performance-
based feedback to the players. Even though game-based learning has becomemore
common in education, relatively little is known about the motivational power of
leaderboards in team-based educational settings. This paper aims to contribute to
this gap by exploring to what extent leaderboards motivate players in collabora-
tive and competitive game-based learning context. The meaning of leaderboards
was studied in a team-based math game competition relying on intra-classroom
collaboration and inter-classroom competition. The findings suggest that the team
rank, team commitment, and enjoyment of the game predicted leaderboard moti-
vation. The results revealed that even though leaderboards were motivating in
general, players whose team did not succeed well in the competition were less
motivated. It seems that leaderboards may facilitated collaboration but the col-
laborative element of the competition did not totally reduce the negative effects
of the used infinite leaderboard. These findings disclose some drawbacks of an
infinite leaderboard design. To overcome this problem, we suggest some ways to
redesign leaderboards for educational use. Finally, we discuss implications of the
research for using leaderboards in game-based learning settings, factors affecting
leaderboard motivation, and leaderboard design in general.

Keywords: Leaderboards · Game-based learning ·Mathematics · Team
competition · Collaboration

1 Introduction

Game-based learning and gamification of learning is utilized to motivate learners by
using game elements to enhance learners’ interest and engagement in learning content
[1]. Several meta-analyses have provided evidence that digital game-based learning can
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produce better learning outcomes than conventional learning approaches [2–4], but the
subject domain as well as study design can remarkably influence the outcomes [3].
Accordingly, a meta-analysis of game-based mathematics learning reported statistically
significant learning effects, however, the overall effect sizewas rather small [5].Although
several studies have indicated that game-based learning engages learners more than con-
ventional instructional methods, the results of a meta-analyses by [3] did not support
this common belief. The quality of digital game-based learning solutions tends to vary
a lot that may partly explain these mixed results. Recent research has suggested that
the effectiveness of different game features such as feedback, adaptivity, collaboration,
competition, etc. should be more exhaustively studied with respect to learning and moti-
vation [6]. This study contributes to this open question by exploring the motivational
power of leaderboards included in a team-based math game competition.

1.1 Background

Competition is a common game element in which players compete with one another
or with the game system. Previous results on the usefulness of competitive elements in
game-based learning are mixed. Some studies have shown that competition can enhance
engagement and playing performance (e.g., [7, 8]). For example, [7] found that leader-
boards in a game enhanced students’ motivation and performance. On the other hand, the
competitive game element did not have such a positive effect in several other studies (e.g.,
[9, 10]). Competitive elements have been reported to result even in detrimental effects
on learning outcomes (e.g. [11]). For instance, [11] found that competitive play in amath
game resulted in the dominance of high achievers, which, in turn, decreased participation
of low achievers. Furthermore, the study revealed that competition negatively affected
collaborative learning for below-average students and positively for above-average stu-
dents. A recent meta-analysis further revealed that competition in digital game-based
learning was effective for math, science, and language, but not for social science and
other subjects [12]. In general, the previous research has shown that competition is a
multifaceted phenomenon, and the implementation, as well as contextual factors of the
competition, can influence learning and motivational outcomes.

The use of a leaderboard is one popular way to implement competition, which seems
to offer several advantages in game-based learning environments [13]. For instance,
leaderboards may increase participation, provide specific goals for the learner, and pro-
videmeans to evaluate learning progress. Accordingly, leaderboards provide feedback to
the learner on their performance. Even though feedback has consistently been shown to
positively affect students [14], it has also been demonstrated that the position in leader-
boards affects its impact [15]. In particular, learners’ reaction to receiving rather negative
feedback (i.e. their performance is below a standard or below many other learners) can
vary. Learners could increase their effort, reject the provided feedback or even abandon
the activity (e.g., [15, 16]).

Leaderboards are also one of the simplest forms to facilitate social interaction (e.g.,
[15, 17]). In context of the self-determination theory, both collaboration and competition
are factors addressing relatedness as well as the feeling of competence [18]. Enabling
collaboration allows learners, for instance, to compete in teams to master challenges
rather than overcoming them alone. Importantly, according to a recent meta-analysis on
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the effects of gamification competition combined with collaboration rather than com-
petition alone seems to be particularly effective for improving behavioural learning
outcomes as well as motivation [2]. Accordingly, the authors argued that competition
alone might be suboptimal for at least some learners under certain circumstances. Uti-
lizing a combination of collaboration and competition might help to reduce negative
effects of leaderboards. Importantly though, collaboration can take many forms and to
harness the potential of collaboration the task should require team members to share a
common team goal and the success of reaching this goal should depend on all members
of the group (e.g., [19, 20]).

Besides these reported specific effects of leaderboards, general learning related con-
structs such as learners’ self-efficacy or the feeling of competence, respectively, and
learning domain specific anxiety (e.g., math anxiety) have been considered as crucial
factors in educational settings (e.g., [21]). In the domain of mathematics learning, it has
been repeatedly demonstrated that low self-efficacy and high math anxiety negatively
affects performance and motivation in traditional learning scenarios (e.g., [22–25]).

1.2 Present Study

In the present study, we applied the ‘Teams-Game-Tournament’ (TGT) model [11]. The
TGT model is one of the most well-known competitive collaborative models in which
students both collaborate in teams as well as play individually to compete as a team
against other teams. In particular, we organized a math game competition in Finland to
support rational number instruction. The game utilized the so-called number line estima-
tion task [26], which is an establishedway to assess and train students numbermagnitude
understanding (e.g., [27–29]). In this task, students have to estimate the position of a
target number (e.g. 1/4) on a horizontal line with only its endpoints specified (e.g. where
goes 1/4 on a number line ranging from 0 to 1). Students were organized in teams or
classes, respectively, and competed across the country in a math game. Students’ (team)
scores and the respective rankings were shown on a dedicated competition webpage and
in the game. Accordingly, the design of the math game competition aimed at facilitat-
ing inter-classroom competition as well as intra-classroom collaboration. The overall
objective of the current study was to exploratively examine factors that contribute to
the motivational potential of the provided leaderboards. In particular, we were inter-
ested to investigate whether the rank of the team affects the perceived motivation of the
leaderboard, as it is the case for individual competition settings (e.g., [15]). Motivation
experienced by the provided leaderboards might also depend on the commitment (e.g.,
[8, 19, 20]). Besides that, we examined whether motivation is also driven by the overall
enjoyment with the game as well as other more general learning related constructs such
as math anxiety and self-efficacy (e.g., [21–25]).

2 Methods

We organized a nation-wide game competition in which we utilized a mathematics game
designed to foster rational number knowledge. The competition for elementary school
students, allowed students from Finland to climb the ladders of online team-based and
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individual leaderboards to rehearse and improve their mathematics skills. The current
study is part of a larger project investigating the use ofmath game competitions to support
rational number instruction. Using the same sample but different research questions and
partly different variables, a previous study explored the educational potential of the math
game competition and demonstrated that students increased their performance over the
course of the competition (see [30]). The current study, focused on the motivational
potential of the competition and leaderboards, respectively.

2.1 Participants

The competition was open for all Finnish 3–6 graders. Approximately 1,500 students
from 35 different municipalities around Finland participated in the game competition.
Participation was voluntary but students needed approval from their parents. From these
1,500 students 271 students (mean age = 11.62 years; SD = 1.03 years) filled in a
questionnaire about the game competition and thus were considered for analyses in the
current study. Of these 271 participants 116 were females and 155 were males. The
median of self-reported mathematics grade was 9. In the Finnish classification scheme,
10 reflects the best and 4 the lowest grade. Most of the participants were experienced
players as 62% of the participants reported that they play digital games at least a couple
of times per week and 78% of the participants reported that they usually do well or
extremely well in digital games.

2.2 Description of the Game-Based Math Competition

The competition was based on the Semideus game [28] which utilizes number line
estimation task mechanics and it was organised around one randomized game level that
can be completed in a couple of minutes. In each task participants had to estimate the
position of a target rational number (fraction or decimal) on a number line (see Fig. 1).
The tasks could include visual hints, mathematical traps, enemies, and player-activatable
in-game skills that reduced the task demands (see details in [30]). The educational
goal of the game was to foster students’ rational number knowledge. To support social
interaction, each participating class formed a team that competed against other classes.
Furthermore, municipalities competed with each other. The web page of the competition
included leaderboards for both teams and municipalities. We used the classic infinite
leaderboard design in which positions are presented as an ordered ranking. Additionally,
students could check their individual and team high scores and rankings through the
game. Thus, the design of the competition included inter-classroom competition as well
as intra-classroom cooperation to facilitate social interaction, which might counteract
potential negative side effects of competition within a classroom.

Participants received feedback on their personal performance in several ways. The
success of each task of the game was immediately communicated through points. More
accurate estimates yielded more points. Moreover, after every estimation the correct
location was shown by a green marker on the number line and in case of successful
estimation (accuracy >= 92%) the respective accuracy percentage was shown. For
inaccurate estimates (i.e., estimates more than±8% away from the correct location) the
avatar was struck by lightning and the player lost virtual energy. The points earned in
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Fig. 1. The player had to estimate the position of the target number 3/4 on a number line from
0-1. In this particular instance, the player activated the in-game bird skill that divided the number
line into four equal sized parts. (Color figure online)

the level formed an individual high score. Number line estimation accuracy formed 70%
of the level score and 30% of the score was given by remaining energy (energy bonus)
when player completed the level. The player could lose energy by inaccurate estimates,
stepping on traps (locations shown with rational numbers) and being hit by enemies.
That is, the game score reflected player’s conceptual understanding of rational numbers
quite well and thus provided clear feedback about player’s skill-level (maximum score
was 100 points). After completing a level, the player received additional feedback via
a star rating system: one star for completing the level, one star for collecting enough
points, and one star for completing the level within the set energy loss limit. On the other
hand, leaderboards were used to provide feedback on a team level. The team rankings
were based on the average value of each team member’s highest game score. That is,
every member of the team contributed to the team score/ranking.

2.3 Measures

Math self-efficacy was measured using three items on a Likert scale from 1 (Strongly
disagree) – 5 (Strongly agree): (i) “I believe I will receive an excellent grade inmath”; (ii)
“I am certain I can understand difficult material presented in math”; (iii) “I am confident
I can learn the basic concepts taught in math”.

Maths anxiety was measured on a Likert with scale from 1 (Not at all anxious) – 5
(Very anxious) using three items: (i) “When I think about doing math, I feel …”; (ii)
“When the teacher calls on me to answer a math problem, I feel …”; (iii) “When I make
a mistake in math, I feel …”.

As the competition heavily revolved around the integrated leaderboards we assessed
whether players were motivated by them [leaderboard motivation: “Leaderboards were
very motivating”. Likert scale from 1(strongly disagree) – 5 (strongly agree)]. Related
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to this, players had to rate how much they enjoyed the game [game enjoyment: “I liked
the game”. Likert scale from 1(strongly disagree) – 5 (strongly agree)].

Moreover, to better understand whether teams worked together well, we developed
a questionnaire to assess team commitment, which was measured using four items on
a Likert scale from 1 (Strongly disagree) – 5 (Strongly agree): (i) “Our team had clear
goals during the competition”; (ii) “We thought it was important to reach the team’s
goals.”; (iii) “We had a good team spirit.”; (iv) “We wanted to perform well in the math
game competition as a team.”.

2.4 Procedure and Data Collection

Participants had the opportunity to play the game as much as they wanted during a three-
week period. Participants could play the game in school or in their free time. During the
competition participants were allowed to share tips with their teammates and they were
allowed to ask for help from their teacher. After the three-week period of the competition
participants were asked to fill in a questionnaire.

3 Results

On average students played through 210 (SD = 312, Median = 122) number line
estimation tasks. Table 1 shows descriptive statistics about student’s performance and
self-reported measures.

Table 1. Means and standard deviations of variables and construct reliabilities (n = 271)

Variable M SD Scale

Math self-efficacy 3.74 1.10 1–5 (α = .86)

Math anxiety 2.04 0.92 1–5 (α = .79)

Team commitment 3.77 0.98 1-–5 (α = .86)

Individual rank 360.06 270.56 In this data set 1-891

Team rank 27.81 22.98 In this data set 1-74

Leaderboard motivation 3.25 1.28 1–5

Game enjoyment 3.41 1.14 1–5

By usingmultiple regression analyses, we aimed at investigating which self-reported
measures and leaderboard metrics predicted students’ perceived motivation caused by
leaderboards. Accordingly, we used the leaderboard motivation score as dependent vari-
able and following variables as potential predictors in a multiple regression analysis: i)
math self-efficacy, ii) math anxiety, iii) team rank, iv) personal rank, v) team commit-
ment, and vi) overall enjoyment of the game. The forced-entrymultiple regressionmodel
explained 38.49% of variation in perceived leaderboard motivation [F(6,264) = 27.99,
p < .001, adj. R2 = .37]. When inspecting the beta weights math anxiety (standardized
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β = −0.04, n.s.) and self-efficacy (standardized β = 0.05, n.s.) did not account unique
parts of the variance in leaderboard motivation. However, a lower/better team rank (stan-
dardized β =−0.18, p< .01) and higher enjoyment of the game (standardized β = 0.32,
p < .001) as well as higher team commitment (standardized β = 0.29, p < .001) were
predictive for higher leaderboard motivation. Personal rank did not explain additional
unique parts of the variance in leaderboard motivation (standardized β = −0.05, n.s.;
see Fig. 2).

Fig. 2. Standardized beta weights of predictors of leaderboard motivation

4 Discussion

The current study utilized a nation-wide math game competition to realize inter-
classroomcompetition aswell as intra-classroomcollaboration. Current results indicated
that even though leaderboards in the competition were motivating, students with worse
team-rank were less motivated. Students personal rank, however, did not contribute
additionally to the perceived motivation by the leaderboards but team commitment and
overall game enjoyment did. In the following, we will discuss these results in greater
detail and provide practical implications.

The leaderboards used in the current math game competition were only partially
successful in motivating students. In particular, we observed that students in teams with
better team rank were motivated by the leaderboards used. This seemed to be not the
case for students in poorly performing teams. Students personal rank did not additionally
contribute to leaderboard motivation. Even though this is somewhat in line with previous
research on the effects of individual competition [9, 11]. Contrary to our expectations, the
integrated collaborative element did not reduce negative effects of leaderboards enough
as initially assumed and suggested by previous results on the combination of collabo-
ration and competition [2]. Importantly, team commitment did significantly contribute
to perceived leaderboard motivation – even more so than team rank. This is in line with
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previous research indicating that collaboration is only successful when individuals in
teammembers work in concert and share common goals (e.g., [8, 19, 20]). Additionally,
we found overall enjoyment with the game itself to be another contributing factor to
the perceived motivation gained from the leaderboards. In contrast, math anxiety and
math self-efficacy did not explain additional variance of leaderboard motivation. This
might indicate, that leaderboards can motivate players despite of individual differences
on these learning related math anxiety and self-efficacy constructs. However, it is not
clear whether this can be attributed to the leaderboards itself. For instance, this effect
might be related to the general use of games as instructional tools. Because previous
studies demonstrated that math anxiety can be lower in game-based than in conventional
instructional tools (i.e. paper-based assessment: e.g. [31]).

Implications: Although personal rank or performance, respectively, was not a crucial
predictor of leaderboard motivation, results of the current study emphasized some of the
downsides of an infinite leaderboard design. Results clearly indicated that a worse team-
rank negatively affected motivational power of the leaderboard. In its current implemen-
tation, leaderboard feedback mechanisms are a double-edged sword offering advantages
for well performing teams, but not for teams who are struggling. Leaderboards pro-
vide a summative way to provide feedback about players’ and teams performance and
may facilitate collaboration. However, it is clear that the traditional infinite leaderboard
approach – team based or personal – does not motivate all users in the same way.

To overcome this problem, the infinite leaderboards should be redesigned in the
way that the position in the leaderboard does not demotivate even the weakest players
or teams. That is, that all players or teams could be engaged by showing manipulated
(sliced) leaderboards where they are performing relatively well and reaching the top 10
or top 20 does not seem totally impossible. The similar design is sometimes utilized
in entertainment games. Further, in social gaming platforms this design is boosted by
positioning player’s friends just above and below the player. Generally, these kinds of
manipulated leaderboardsmight support the feeling of competence and social interaction
more than static infinite leaderboards. Moreover, leaderboards might utilize more and
different metrics and thereby provide different goals for the players, such as persistence
(e.g. most tasks completed) or gained experience points in a game (see Fig. 3).

Fig. 3. Redesign of the leaderboard with personalized feedback and different metrics, i.e.
highscore and experience points.
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Additionally, the limited information that traditional leaderboards provide do not
facilitate optimal learning or provide support for struggling learners/teams. Therefore,
leaderboards or games in general should also provide feedback on players’ actions that
facilitate reflective thinking on players’ conceptions and strategies towards increasing
self-efficacy in the learning process [32]. Leaderboards can come with personalized
feedback, which has the potential to influence players’ performance. For example, a
leaderboard could provide details about what a player could improve on and how they
could do this (see Fig. 3). Next-generation leaderboards should provide feedback that
goes beyond evaluative feedback (e.g. interpretive and supportive). Moreover, future
studies need also to consider personality traits of learners as it has been shown, for
instance, that introverts and extroverts might experience leaderboards and other game
elements differently [33, 34].

Conclusion: Taken together, leaderboards motivated participating students, however,
only when the teams of the students were performing well. Importantly, overall game
enjoyment as well as team commitment were additional crucial factors contributing to
the perceived motivation by the leaderboards. This suggests that in such team-based
competitions team commitment needs to be fostered to benefit motivation but even with
the collaborative aspect of having teams’ negative side-effects of infinite leaderboards
cannot be mitigated in its current form.
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Abstract. At patient intake in emergency departments, triage is a key step in
ensuring optimal patient care and good use of hospital resources. Triage nurses
must be able to make correct clinical judgements and triage decisions despite
extremely stressfulworking conditions including noise and task interruptions. This
article presents a new serious game designed to closely reproduce the conditions
of a typical emergency department. Its purpose is to provide a generic testbed
both for teaching and for research, notably in order to enable studying the impact
of stressors on the quality of decisions made. A study involving 49 professional
triage nurses shows that, despite its relatively modest technological requirements,
this serious game is considered by the participants as highly attractive and very
close to their professional experience.

Keywords: Decision making · Triage · Emergency · Nursing · Serious game ·
Simulation

1 Introduction

Clinical decision making is an essential competency within nursing practice, especially
in emergency departments (ED) [1]. The ability of nurses to make optimal decisions
is the end result of a complex cognitive process and is one of the main factors affect-
ing quality of patient care [2]. When a nurse makes a decision, the outcomes may be
positive (improved quality of life or reduced symptoms) or negative (medication errors,
inadequate prioritization of patients in the waiting room) [3]. Nevertheless, ED profes-
sionals are seeing an intensification of their activity and an increase in the complexity
of the clinical situations they encounter [4]. Besides these heavy responsibilities, triage
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nurses must be able to make correct triage decisions in the middle of difficult working
conditions, which include pervasive background noise and task interruptions.

Currently, the training of triage nurses and the evaluation of their competences are
mainly based on printed clinical vignettes1, personal coaching and observational meth-
ods [5–7]. The triage process can also be reproduced using classical simulation with
standardized patients or high-fidelity manikins. But these solutions are very costly and
difficult to integrate in a resource-strained ED environment. Therefore, considering the
limited realism of the first approaches, the cost of the latter and the stakes involved in
decision making at EDs, we decided to explore the use of a simulation-based serious
game as a training and research tool.

Serious games are already widely used for training and evaluating healthcare pro-
fessionals in specific technical procedures such as surgery or the development of the
cognitive process involved in the evaluation of a patient [8, 9]. However, few serious
games are suitable for post-graduate nursing education, particularly in the field of ED
[9]. Also, surveys of serious games in health professions [9, 10] show that triage games
seem to mostly focus on specific disaster responses, not on day to day ED operations.

This article presents a new serious game designed to closely reproduce the condi-
tions of a typical emergency department by means of an affordable and easy-to-deploy
2D HTML technology. Its purpose is to provide a flexible infrastructure both for teach-
ing/training and for research. Thus, we needed not only to validate this approach, by
having its realism and acceptability assessed by a panel of triage nurses, but also to use
it as a research tool, by conducting a pre-study on the impact of stressors such as noise
and task interruptions on the quality of decisions made by triage nurses.

This work was carried out in Switzerland, following a multidisciplinary co-
development process including emergency specialists from four hospitals, nursing
sciences and stress specialists, statisticians and serious games developers.

The next section presents project objectives andmethods, thenwe describe the result-
ing game. In the following section we present a field test with experienced triage nurses
and the analysis of their answers to various questionnaires. Finallywe discuss the success
factors before concluding.

2 Objectives and Methods

Some authors point out that the nurse’s decisionmaking at the intake of an ED is different
from other care contexts because: 1) it requires a high level of continuous concentration
in an environment with many environmental distractors (noise, task interruptions or
random workload), which may affect the quality of the decision-making; 2) it must
be carried out in an extremely short time (often less than 5 min) and 3) it is often
carried out autonomously and with a limited amount of information available [2, 11].
Task interruptions, for example, lead to delays in the execution of an activity, loss of
information and reduced concentration leading to impaired decision making [12].

The objective of this project was to design and develop a serious game that would
constitute a valid basis for teaching/training as well as for research. To validate this

1 Clinical vignettes are patient-related cases and scenarios with educational value.
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approach, we had to define a research methodology and organize a small-scale user test
before presenting the game to a full group of participating nurses. The methodological
framework chosen for this study is a 2×2 factorial trial to verify the impact of stressors on
the nurses’ decisionmaking. Four equally-sized groups (a control group, a group exposed
to noise, a group subject to task interruptions, and a group with an equal combination
of noise and task interruptions) were formed randomly at each participating ED. The
nurses needed to be active as intake and triage professionals in a hospital using the Swiss
Emergency Triage Scale (SETS®) [13] and to consent to participate in the study. The
following variables were collected by the game:

1. At the beginning of the game, sociodemographic data related to the nurses’
professional background and experience.

2. During the game, the correctness of the emergency levels attributed by the nurses
to the vignettes (data not disclosed to the participants). The durations of different
phases and medical acts were also collected for future analysis.

3. After each vignette, the nurses’ level of confidence in their own evaluation, bymeans
of a visual analog scale from 0 to 10 (this data has not yet been analyzed at this
writing).

4. At the end of the game, the AttrakDiffTM usability questionnaire, in order to deter-
mine its acceptability, and the perceived realism, by means of a visual analog scale
from 0 to 10.

In the following section, we describe the resulting simulation-based serious game.

3 The Triage Serious Game

Triage is a dynamic activity based on patient-nurse interactions. To reproduce this activ-
ity, our starting point was an existing interactive simulator enabling simple question-
answer interactions based on clinical vignettes [13]. Then, to create a more realistic
simulator, we added a dynamic 2D virtual environment replicating an ED waiting room
(see Fig. 1). We created 20 clinical vignettes, the accuracy and consistency of which
were tested by nurse experts. The vignettes were brought to life with a number of 2D
figures reproducing patient arrival on foot, stretcher or wheelchair, with or without
accompanying persons.

We integrated 10 task interruptions and 10 sound effects representing stressors fre-
quently found in an ED. They were programmed to interfere in a reproducible way with
specific player actions such as anamnesis or vital sign measurement. Game players have
to wear a well-defined model of headphones to ensure consistent sound playback levels.

A permanent background noise with air conditioning and sounds of doors, footsteps
and voices is played back at a level varying between 40 dB and 50 dB, depending on the
occupancy of the waiting room. The above-mentioned intermittent sound effects, played
at levels up to 80 dB, consist of phone calls, drilling, helicopter landing, baby cries,
medical equipment alarm and thunderclaps. Finally, task interruptions are implemented
using modal pop-ups with an image of the disturbing person or phone, whose request
is displayed textually. The player then has to think of an answer to be typed into a text
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Fig. 1. Waiting room in the serious game (© 2020 Archives Fondation La Source)

input field (the relevance of this answer is not analyzed by the game). It is allowed to
dismiss a phone call, but it will then occur again a minute later.

The serious game was developed on Wegas2 and is hosted on the same platform.
Wegas is a web-based game authoring and execution platform, which supports the gen-
eration of trace data, in order to systematically log all choices made by the player. This
feature opens the door to highly refined learning analytics [14], e.g. for eliciting and
comparing problem-solving strategies developed by the players [15].

The Triage Serious Game records the nurse’s anamnesis, vital sign measurements
and their entry into the SETS input form, the attributed level of emergency and presenting
complaint (i.e. the actual reasonwhy the patient came to the ED) according to the SETS®
scale. This data is collected in a way that preserves player anonymity and is stored in a
database according to the Experience API (xAPI) specification [16].

Since the game is web-based, some technological constraints apply. It requires a
relatively recent web browser and a steady network connection for saving trace data
and periodically persisting game variables. Specific measures had to be implemented
for detecting accidental page reloads inside the browser, which might invalidate some
measurements. Moreover, sound management is complicated by the browser, whose
security rules prevent the playback of sound at random moments, independently of user
activity. The volume was calibrated and its consistency monitored using a sound level
meter.

Figure 2 shows the patient examination screen,which is divided into two parts. On the
left, the interaction with the virtual patient (keyword-driven anamnesis questions, mea-
surement of vital parameters) and a glimpse of the waiting room (in case another patient
should fail). On the right, in the blue area, the input form of the SETS® scale, where

2 Project homepage: www.albasim.ch.

http://www.albasim.ch
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the nurse is to enter measured vital parameters, answers to recommended anamnesis
questions, and finally the chosen presenting complaints and emergency degree.

Fig. 2. Patient examination screenwith sample vital parametermeasurement (texts are in French).
(© 2020 Archives Fondation La Source)

On top of the blue zone in Fig. 2, there is a pop-up window showing a vital param-
eter measurement in progress. The measurement of vital parameters is unfortunately a
repetitive and tedious task in this setting where all phases are supposed to have realistic
durations, since the nurse then has an entirely passive role, as opposed to the same situ-
ation in real life. In order to mitigate this, we added some simple animations (progress
bar, slideshow of a real measurement) and shortened somewhat the durations.

4 Project Outcomes and Discussion

The Triage Serious Game was tested by a group of experienced nurses. The main goal
of this study was to evaluate the feasibility and acceptability of the serious game, as
follows:

– acceptability was measured using the AttrakDiffTM scale;
– realismwas rated using a visual analogic scale,where nurses evaluated their perception
of this simulation of triage activities;

– the research team used a research diary to note all technical difficulties during the
sessions while nurses were playing the serious game on their on-loan laptops.

4.1 Preparations

Four equally-sized participant groups were created randomly at each ED: the control
group, the “Interruption” group, the “Noise” group, and the “Interruption+Noise” (I+N)
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group. A set of identical laptops and headphones was prepared before each session. Each
participant had two test vignettes to get acquainted with the game, while a member of
the research team was available for additional explanations and technical support.

4.2 Demographics

Forty-nine triage nurses recruited from four Swiss EDs participated in the study. Their
mean± SD age was 37.7± 8.9 years; 73% (n= 36) were female, and 78% (n= 38) had
followed a specific training in triage. Their employment activity rate was greater than or
equal to 80% for 69.3% (34 nurses), their experience in emergency medicine 8.3 ± 6.1
years (min= 0.3, max= 30.0, median= 7.0, IQR= 7.0), and their experience in triage
7.9 ± 5.1 years (min = 0.3, max = 20.0, median = 7.0, IQR = 8.0).

We would like to emphasize that 80 participants from six EDs are actually scheduled
to participate, but our study was suspended in February 2020 due to the coronavirus
crisis. This may have an impact on the preliminary conclusions of Sect. 4.4.

4.3 Triage Performance

All groups combined, the emergency levels attributed by the participants were correct
in 91.4% of the situations. The rate of undertriage was 3.9% (underestimation of the
emergency level) and the rate of overtriage was 4.7% (overestimation of the emergency
level). The frequency of correct level attributions is quite high and shows that the SETS®
scale is strongly prescriptive: the probability of making errors remains low unless one
ignores certain vital parameters recommended by the scale.

4.4 Comparing Error Rates Between Groups

When applied to the respective error rates, the Wilcoxon signed-rank test indicates that
there are no significant differences between the control group and the three groups
exposed to noise and/or interruptions, nor between any of the latter groups. To this
end, we computed the odds ratio of correctly estimating the emergency level for a
participant of each group relatively to a participant of any other group. Considering that
participants came from different sites, that each participant evaluated several vignettes,
and that each vignette was evaluated by several participants, we adjusted odds ratios for
these variables. The outcome is that no difference in attributed emergency levels can be
demonstrated between any groups at this stage. We found a similar result concerning
attributed presenting complaints.

This preliminary result suggests that the stressors implemented in the serious game
did not have any significant impact. If confirmed after participation of all enlisted nurses,
it could be attributed to at least two factors. First, that the SETS® scale is very prescrip-
tive and leaves little room for errors of judgement, even in presence of environmental
stressors. Second, that we slightly underestimated the frequency and intensity of real-life
stressors, a fact that was already pointed out by participants during debriefing sessions.
It should be noted that we were very concerned about not exceeding legal sound levels
inside the game. The difficulty of the vignettes, although reviewed by professional triage
nurses, might also be revised upwards.
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This result could lead to another interesting research question: at what threshold will
hardened triage nurses start making more frequent errors?

4.5 Realism

At the end of each session, participants were asked to evaluate the realism of the simu-
lation as compared to their own experience of a real-world ED. On a scale from 0 to 10,
we obtained a global mean value of 8.08 (SD: 1.79). We give in Table 1 and Table 2 the
respective results for the four participating ED sites and the four groups.

Table 1. Comparing perceived realism among ED sites

Site 1 Site 2 Site 3 Site 4

Mean value 8.27 7.86 8.00 8.16

SD 0.89 2.51 1.54 1.80

Table 2. Comparing perceived realism among participant groups

Control Interruption Noise I+N

Mean value 8.08 7.76 8.26 8.17

SD 2.58 2.06 1.40 1.03

These tables show that there are no significant differences among sites and among
groups. This positive result confirmspreviousworkon the notionoffidelity in simulation-
based serious games [17, 18], i.e. that depending on the application domain, players will
feel immersed even without advanced technologies such as virtual reality devices. The
present serious game seems to be doing its job with simple stereo headphones and 2D
graphics without animations. This choice was also led by the need to limit development
costs and to simplify the organization of field tests and, later, of classrooms.

4.6 Acceptability

Participants were asked to fill out the AttrakDiffTM questionnaire [19] regarding their
user experience inside the game. This questionnaire is a reference tool forUX researchers
and is used to assess the hedonic and pragmatic qualities of interactive systems. AttrakD-
iff has 4 subscales of 7 questions each, for a total of 28 questions presented as Likert
scales. Answers receive values from −3 to +3.

According to Table 3, the serious game is perceived in a clearly positive way by its
users.With a global attractiveness of 1.75we conclude that the game is highly acceptable
to its target audience. This is good news, as it means that it constitutes a good testbed
for further research questions and does not need any fundamental redesign.
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Table 3. Results of the AttrakDiff questionnaire

Subscale Mean SD

Pragmatic 1.04 0.72

Hedonic-stimulation 1.90 0.80

Hedonic-identity 0.99 0.67

Global attractiveness 1.75 0.83

4.7 Success Factors

We believe that the perceived quality of the serious game is largely due to the collab-
orative work of the development team. This work was indeed carried out following a
multidisciplinary co-development approach including emergency specialists from four
hospitals, nursing sciences and stress specialists, statisticians and serious games devel-
opers. This serious game therefore results from the combination of several fields of
expertise:

• Clinical expertise: the SETS® scale, clinical vignettes, competences in triage and
stress factors.

• Research expertise: methodological approach, human factors theory, creation of a
realistic ED environment with stressors.

• Technological expertise: serious games development, a tried and tested execution
platform, collection of execution traces.

Each step of the triage process was specified and implemented to be as similar
as possible to real life: this was ensured by the participation of several ED and triage
professionals (nurses and doctors). All participant actions were logged for later analysis:
the research methodology was designed in collaboration with two statisticians. The
agreement on the right emergency level for each vignette was based on a “gold standard”
previously defined by four emergency medicine and nursing experts.

In the end, as reported by one field test participant, even if the game still needs to
increase the level of stressors, it is very respectful of the nurse’s professional mindset.
Moreover, its attractiveness is high even though few specific accommodations have been
made to increase the playing pleasure.

5 Conclusion

This article presented an innovative serious game designed as a flexible tool for training
triage nurses and for studying the performance of triage nurses in realistic conditions. As
a research tool, it should help improving the quality of the triage process, i.e. the accuracy
of the attributed emergency levels andpresenting complaints. Further research is planned,
which consists of quantifying perceived emotions and adding clinical reasoning analysis.
A study with 49 professional triage nurses shows that the game already is considered as
realistic and acceptable in its current version. It has thus become a promising generic
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testbed for exploring and analyzing complex triage activities, and should become a
valuable teaching and training tool without substantial redesign.
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Abstract. Serious games have been developed in recent years as an
essential tool for the improvement of students’ decision-making skills
and performance. They evolved in various domains, especially in the
healthcare field. Healthcare professional experts and trainers indicate
the importance of designing educational environments and educational
programs in order to reproduce with high fidelity the professional con-
text. Therefore, data gained through gaming is explored and exploited
to extract information about the learning strategies. In this work, we
explore data that was collected during courses in which students used a
simulation game called CLONE (Clinical Organizer Nurse Education).
This serious game has been designed to train nursing students in work
organizations. With the implementation of statistical approaches, we
intended to study factors that impact on the success of the game. Consid-
ering game sessions from 3 different angles, we try to answer the follow-
ing questions: 1) Does the duration of the game session has an impact
on gaming outcomes? 2) Which errors do students commit during the
game? 3) Do students achieve learning progress by repeating the game?
Eventually, we discussed obtained results and future work.

Keywords: Serious game · Simulations · Nurse training · Performance

1 Introduction

Serious games help to teach people about a certain subject, expand concepts,
reinforce development, or assist students in skills acquisition or change their
behavior. They are expected to contribute to deeper and more active education,
through which students learn from their own experiences [1,19]. Thus, serious
games are essential tools for delivering a message, teaching a lesson, or gaining
knowledge supported by interactivity, motivation, and engagement.
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In recent years, many reports and experts point the importance to design edu-
cational environments and educational programs to reproduce with high fidelity
the professional environment [6,12,23]. Thus, Flin et al. [9] emphasize the signifi-
cance of non-technical skills that are not directly linked to anesthetist’s technical
expertise. Non-technical skills are divided into interpersonal and cognitive. Inter-
personal skills as communication, leadership, coordination are skills that make
teamwork effective to reach a common goal [18]. Cognitive skills include task
management, situation awareness, and decision making.

Hence, elaborating inter-professional simulations in the healthcare field is a
perfect way to train medical specialists. Simulation is a technique that enables
to replace or amplify real experiences with guided experiences that evoke or
replicate substantial aspects of the real world in a fully interactive manner [11].
A simulation, in terms of healthcare training, is used to provide a safe environ-
ment for education without any real risk of accident or disease for the patient.
Practically, modern simulation in healthcare education corresponds to using
equipment, sometimes a computer software, a mixed reality system “which is
a combination of both real and virtual” or a standardized patient for replicating
a medical environment and/or a clinic situation and/or a specific pathology.

In this work, we consider dataset which was collected from game-based simu-
lation for students from Nursing Schools, which is called Clinical Organizer Nurse
Education (CLONE). The game aims at training students to organize their daily
schedule, to delegate specific tasks to the nurse assistant, in order to educate pro-
fessional nurses on scheduling skills, situation awareness, and decision-making
[20]. The study demonstrates the analysis of data with implementation of sta-
tistical tools. We intended to find out factors that might help to predict game
success or to display in-game feedback through analysis of game sessions dura-
tion, errors which students committed, and characteristics of repeated sessions.

2 Research Frameworks

2.1 Related Work

As many benefits of using games as an educational environment exist, a vast vari-
ety of applications were developed in past decades [5]. Serious games have various
shapes, such as simulations or queries, and domains, such as well-being, cultural
heritage, and even healthcare [17]. The importance of designing educational envi-
ronments and educational program is marked by healthcare professional experts
and trainers. Therefore, they intend to create an experiential learning environ-
ment, which helps students to develop inter-professional skills [6]. The majority
of digital training in healthcare is designed for medical specialists and focused
on technical skills and surgery [13]. Some of them are designed to train caregiv-
ing teams to improve coordination and efficiency at their operative unit [7,16].
Others simulate an operating room to train the inter-professional team activity
[14,21].

The interaction students with virtual training environments gathers data,
that might reflect important information about the learning process. Therefore,



Factors Affecting Success in a Digital Simulation Game for Nurse Training 265

the methods of Game Learning Analytics (GLA) has been evolved in recent
years. The game system usually represents data in a form of log files that deter-
mine records of events in the system. Extraction and prepossessing of mean-
ingful data for further analysis is a challenging task related to the purpose of
the research. Depending on the application purpose GLA methods study perfor-
mance [2,15], in-game players behaviors [4], student profiles [8], and motivation
[10,24]. Another challenging task is to find appropriate techniques for data anal-
ysis. In this context, GLA can be considered as an area which exploits a set
of various methods such as machine learning, information retrieval, statistics,
sequential mining, and visualization, in order to enhance learning experiences
[3].

This work represents an analysis of data gathered from the virtual train-
ing environment CLONE, which is designed to support teachers in the Nursing
Schools. We implement the methods of GLA to examine features of game ses-
sions, which were played by students.

2.2 CLONE

The project CLONE (Clinical Organizer Nurse Education) is a Real-time Digital
Virtual Environment for Training of nursing students in real-life-like professional
situations. It proposes a large library of educational cases where a nurse-student
plays the role of a regular nurse. This digital environment includes game mech-
anisms and interactive features such as a scheduling system, a task shifting, and
a decision-making system.

The player chooses a game scenario from the library of educational cases,
which proposes a brief description of the actual and expected situation. A sce-
nario provides interactions that allow the players to complete the mission, it
is composed of locks (educational locks or playful locks) to prevent the player
to succeed. Hence, outcomes are compared to expected objectives, and results
of the game are immediately displayed at the dashboard. Each proposed sce-
nario contains a certain set of patients, unpredictable events, medical dynamic
events, and the actors involved in the medical process. The player has to deal
with patients’ diseases (to provide care) and to deal with the nurse assistant (to
share the work). To complete the mission, the medical staff (nurse and nurse
assistant) has to provide the required care for each patient according to their
medical profiles. The designing process of CLONE contained three steps: (i) the
domain analysis, (ii) the human activity modeling, and (iii) the scenario. A more
detailed description of the designing process is exposed in [22]. The graphical
user interface is presented in Fig. 1.

The game process contains the following steps: the briefing, the communica-
tion with the night shift, the scheduling, the activity, and the communication
with the afternoon shift with debriefing. Firstly, a student reads information
about the mission of the game; then at the communication step a student receives
information from the night shift about the current situation when they shift at
6:30 am; afterward, a student inspects patients’ records and organizes the daily
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Fig. 1. The graphical user interface

activity; at the activity step a student provides care, organizes medical examina-
tion, professional phone calls, patient discharge or arrival; and finally - informs
the next staff about the current situation when they shift at 1:30 pm.

2.3 Research Questions

To investigate the factors affecting the game success, this study addresses the
following research questions:

RQ1: Does the duration of the game session impact on gaming outcomes?
RQ2: Which errors do students commit during the game?
RQ3: Do students achieve learning progress by repeating the game?

In responding to these research questions we aim at helping domain experts
to understand learners and improve the learning process by provision data-based
decision-making.

3 Methodology

To explore stated above research questions empirically, we gathered data for 353
game sessions which were played by 222 students from 11 Nursing Schools dur-
ing the 2018–2020 time period. Students played according to the same scenario,
which includes 5 patients, who require a low-level of care. The game proposes
short storytelling of what is the actual situation and what is the expected situ-
ation at the end. The current situation starts at 6:30 am and stops at 2:00 pm.
The main goal aims at elaborating a care plan for all the patients, delivering
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care and managing potentially hazardous situations. Students should carefully
inspect patients’ profiles, doctor prescriptions, and develop personalized care
plan for all patients (except one, who is expected to arrive later in the morn-
ing). Then, CLONE provides interactions that allow the players to complete the
mission avoiding locks (educational locks or playful locks), which prevent the
player to succeed. Eventually, outcomes are compared to expected objectives,
and performance indicators are immediately displayed at the end of a game
session.

A list of established constraints (e.g. delivering drug, and taking blood sam-
ple) is attached to each patient. To complete a mission students have to respect to
them. In case of discrepancy, the student accumulates errors: risk errors – break
of soft constraints which do not have an important impact on the patient’s
health, and critical errors - break of hard constraints that strongly affect the
patient’s health. If the student exceeds the maximal number of allowed critical
errors at least for one patient - the game is over.

4 Results

4.1 RQ1: Does the Duration of the Game Session Impact
on Gaming Outcomes?

Answering RQ1, we investigated both the time of game sessions and the number
of actions committed per session. The average duration of the game session
according to the scenario with 5 patients is 46 min, while the average number
of actions per game session is 175. Hereby, we compared these game session
features depending on their results. Among 353 game sessions, 261 are lost and
92 are successful. In order to find out the difference between them we examined
2 hypotheses:

H1. The success of the session depends on the duration of the session.
H2. The success of the session depends on the number of actions, which were
made by the player during the session.

To check these hypotheses, we applied non-parametric test due to a signifi-
cant difference between analyzed indicators and normal distribution. According
to Mann-Whitney U test for independent variables, the duration of the success-
ful sessions is significantly higher (p< 0,0005) than the duration of lost games
(Left panel in Fig. 2). Meanwhile, the number of actions for successful sessions
is significantly higher (p< 0,0005) than the number of actions for lost games
(Right panel in Fig. 2). Therefore, the assumed hypothesis can be accepted.

4.2 RQ2: Which Errors Do Students Commit During the Game?

Each patient has a list of constraints that have to be respected during the game
session. In the considered scenario, 7 hard constraints are attached to Patient 1
and Patient 2, 3 hard constraints are attached to Patient 3 and Patient 4, and 4
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Fig. 2. Left panel: Boxplots of time distribution for lost/successful game sessions.
Right panel: Boxplots of N of actions distribution for lost/successful game sessions.
A box corresponds to the distribution of values according to 25%–75% confidence
interval. The line at the center is the median. Here, L denotes lost sessions and S
denotes successful sessions.

hard constraints are attached to Patient 5. In case of breaking hard constraints,
student accumulates critical errors that lead to the fail of the game.

The distribution of critical errors according to their type shows that the
majority of critical errors is related to omitting the delivery of medicines (e.g. a
patient did not get paracetamol) as well as missing cares (e.g. a patient did not
get a meal) (Left panel in Fig. 3). Meanwhile, less frequent errors were committed
due to not following prescription (e.g. a patient overdosed with inappropriate
medicine), missing procedures (e.g. missing an injection), and lack of monitoring
parameters.

The distribution of the critical errors according to patients shows strong
dependence on the number of constraints (Right panel in Fig. 3). Herein the
majority of the errors corresponds to Patient 1 and Patient 2, while the minority
corresponds to Patient 3, which requires less attention.

Fig. 3. Left panel: Distribution of critical errors by the type. Right panel: Distribu-
tion of errors by the patient. Here numbers on the bars denote number of constraints
for each patient.
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4.3 RQ3: Do Students Achieve Learning Progress by Repeating
the Game?

Finally, in order to investigate the playing progress, the repeated sessions were
examined. Among 222 students, who played a game, 81 students played more
than one session (Table 1). During the first session 94% of students failed, while
the percentage of failed games during the second session is 75% and during
the third session is 76%. Furthermore, with increasing session order the average
number of actions made per session is decreasing as well as the average time.
This can be caused by the following reasons:

1. When a student launches a new session and restarts a scenario, the game
saves modifications of schedule from previous sessions and a student continues
playing. This simplifies the game process and cuts time during the second and
further sessions due to the absence of necessity to plan.

2. Knowledge, gained during first sessions, helps some students to achieve a
better result in the next session.

Table 1. Characteristics of repeated sessions.

Feature 1st session 2nd session 3rd session

N of sessions 81 81 29

Average time for session, min 50 23 14

Average N of actions per session 232 59 35

Lost sessions 94% 75% 76%

Successful sessions 6% 25% 24%

5 Discussion

In our study, we analyzed data gathered from game-based simulation for stu-
dents from Nursing Schools CLONE. The game aims at training nurses to orga-
nize their daily schedule, to delegate specific tasks to the nurse assistant, in
order to educate professional nurses on scheduling skills, situation awareness,
and decision-making. With the implementation of statistical approaches such as
non-parametric criteria and distribution analysis, we examined factors that have
impact on the success of the game.

Comparing duration of lost and successful games, we found out that time
and number of committed actions for successful sessions are significantly higher
than for lost sessions (RQ1). Along with scheduling and delegating, students
may inspect additional information, such as medical reports or patients’ profiles.
Likewise, they may set and modify schedule panel without any restriction. This
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activity requires time and numerous interactions. Consequently, students, who
devoted more attention to these details, achieved better results.

Responding to the RQ2, we considered the distribution of critical errors that
lead to the fail of the game. The most frequent committed errors are related to
missing the delivery of medicines or cares. At the same time the less frequent
errors were made by the reason of not following prescription, missing procedures,
and lack of monitoring parameters. The distribution of critical errors by patients
is strongly depends on the number of hard constraints, where Patient 1 and
Patient 2 require more attention and Patient 3 less.

Finally, repeated sessions were examined in order to analyze learning progress
during the game (RQ3). The percentage of won games is growing with the
increase of session order, while the duration and number of committed actions
are decreasing. This can be caused either by simplifying the game process dur-
ing the second and further sessions due to the absence of necessity to work with
schedule either by gaining knowledge and experience from the first sessions that
help some students to improve the performance.

The obtained results point that students’ learnability and acquisition can be
improved in part through involvement and repetitions in game process. Indeed,
the student’s success progresses until it reaches a critical threshold of stability.
It means that the students did not acquire totally the expected skills thanks to
the repetitions and involvement. It highlights the need to add complementary
theoretical courses to the serious game.

6 Conclusion and Future Work

A game-based simulation CLONE enables to train of professional skills of stu-
dents from Nursing Schools. The analysis of collected data from the gaming
sessions might help domain experts to understand learners’ strategies and behav-
ior. It should help to improve the educational process by providing data-based
decision-making. For instance, it may be useful for an indication of struggling
students and maybe even offer specific remediation actions for them.

The use of GLA techniques can be applied in order to evaluate student per-
formance, determine their in-game behavior as well as to enhance the design of
other serious games. Therefore, in future work, we will focus on student profiling
through analysis of action sequences that students commit during the game.
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Abstract. Nowadays medical errors are one of incidents and death causes involv-
ing nurses with poor clinical reasoning skills. Teachers in nursing schools need to
improve these skills. Existing researchworks show the role of game-based learning
to increase the students’ learning. Furthermore, many game design software exist,
they are available and easy-to-use even by students without any technical knowl-
edge. Game-based learning includes gameplay-based learning and game design-
based learning. This paper studies existing gamedesign-based learning approaches
and identifies amethodology to co-design a learning game in the clinical reasoning
field by nursing students themselves. This methodology is composed of 11 steps
starting from the specification of pedagogical objectives until the game evaluation.
This research work is dedicated to Technology Enhanced Learning community
and more specifically to pedagogical engineers, game designers, researchers, and
teachers in nursing schools who encounter difficulties in improving the clinical
reasoning learning.

Keywords: Learning · Clinical reasoning ·Motivation · Co-design · Learning
game · Nursing student

1 Introduction

Patient safety is a major concern of healthcare facilities. Between 44 000 and 98 000
Americans die each year as a result ofmedical errors [1]. Deaths due tomedical errors are
the 8th leading cause of death [1]. More people die as a result of medical errors than from
motor vehicle accidents, breast cancer or AIDS [1]. These preventable adverse events
sustained by patients are an international major public healthcare problem [2]. Medical
errors can be classified into 4 types of errors [1]: diagnostic, treatment, preventive and
other errors (like failure of communication). Furthermore, clinical reasoning is a complex
process including, among others, data collection, problem identification (diagnostic),
implementation of actions (treatment and preventive) and assessment of these actions’
effectiveness. [3]. These adverse events, cited above, are clearly related to a very low
level of clinical reasoning skills [2].Medical errors do not involve only doctors but nurses
too. Indeed, critical patient incidents often involve nurses with poor clinical reasoning
skills [2]. 70% of nurses in the USA have an unsafe level of clinical reasoning skills [2].
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Therefore, patient safety depends on nurses’ clinical reasoning skills. So, there is a need
to improve clinical reasoning skills in nursing education.

Moreover,motivation is a problem that teachers try to solve in all educational settings.
Teachers often associate motivation to academic success with the idea that the more
learners are motivated, better their outcomes would be [4]. Therefore, teachers seek to
develop attractive learning tools, arousing learners’ curiosity.

According to Kafai [5], there are 2 different game-based learning methods: instruc-
tionism (gameplay-based learning) and constructionism (game design-based learning).
In the instructionist approach, learners play a serious game to learn. Whereas, in the
constructionist approach, students learn by designing their own game. That is why this
research work is in the game-based learning field.

In this paper, we are focusing on the game co-design-based learning in nursing
education. Particularly, we are interested in important steps in game co-design-based
learning and the evaluation of students’ motivation and learning through this co-design.

This paper is structured as follow. Section 2 presents existingmethodologies of game
design and details research works in the game design-based learning. Section 3 presents
learning games in nursing and more specifically in the clinical reasoning field and their
evaluation. Section 4 concludes this research work and presents its perspectives.

2 Game Design-Based Learning

This paper seeks to identify a methodology to design a learning game in the clinical
reasoning field by nursing students themselves. First, we review existing methodologies
of game design. Second, we study existing game design works in order to identify the
co-design steps used in these research works.

2.1 Methodologies of Game Design

The content-centric development process model is a methodology which places the
experts in the content domain in the center of the process [15]. Indeed, the storyboard,
which is the experts in the content domain’s main activity, drives the game development.
This methodology requires collaboration between experts in the content domain and
the programmers. Indeed, without any developer’s supervision, the game risks of being
unsuccessful. However, if the developers spotlight first the technical limitations, the
creativity of the experts in the content domain risks of being restricted. Developers equip
experts in the content domain with a suitable language. This methodology is based on
an iterative cycle. At each step, a supervisor approves or rejects each game design step.
Each time the supervisor rejects one’s development step, an iteration is required.

Marfisi-Schottman [16] presents a detailed complete industrial circuit for creating
a serious game model. This methodology is composed of 7 steps: (1) client needs, (2)
specification of the learning objectives, (3) design, (4) quality control, (5) development,
(6) target audience test, and (7) use and maintenance. This model guides the different
actors in the game design and helps them collaborate. This model clearly identifies the
function of each one and the tasks they must do. This model leads the different actors to
fill and share computer-based standard documents.
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ARGILE (Architecture for Representations, Games, Interactions, and Learning
among Experts) is a methodology to co-design participatory and knowledge-intensive
serious games [17]. ARGILE is a methodology allowing addition, modification and
discussion of new objects, knowledge, and rules. In this methodology, there are two
communities: game designers and players. However, these communities are not totally
divided. Some experimented players, who have ideas of improvements could propose
modifications. These submissions are discussed by designers through a forum and then
voted to be applied or not.

2.2 Existing Works About Game Design-Based Learning

In our research work, we are interested in game design-based learning. So, we present
existing studies about this topic. According to [13], 4 key characteristics exist in design-
based learning: the project characteristics (open-ended, hands-on-experiences, real life
scenarios, multidisciplinary), the role of the teacher, the assessment methods (formative
and summative assessment), and the social context (collaborative learning). So, for each
study, we specify these relevant dimensions.

In [6], the game design was to create a game about nutrition. A class of ten children
of 5th grade have used GameMaker to design a game for them to learn and to teach first
graders about nutrition. Children have worked on their game design project for two 45-
min sessions a week for 8 weeks. Before children design their own game, teachers taught
them how to use GameMaker and they presented them some game examples designed
with GameMaker. In this research work, game design was individual. However, the
project promoted collaboration. First, children were encouraged to look at and to test
the other children’s games to give them feedback and to get ideas from the other games
for their own game. Then, children could ask for guidance and help at any time during
the sessions. The help which has been asked was about programming tasks and nutrition
content. Lastly, children have got feedback from first graders who have tested the games.
During the design process, scaffolding occurs by not only teachers but also peers. Even
though 10 children have participated to the game design project, the authors chose to
focus on 3 children during the game design evaluation. Results showed that designing
a game: (1) allowed students to represent their understanding of the concepts that they
introduced into the game, and (2) increased students’ motivation and engagement. For
example, one of the children has reported rarely to play games prior to the project.
However, he/she has continued designing games 6 months after the project.

In [7], the game design was to create a game about immunology and neurology.
Sixteen high school students and three college student mentors have participated to a
program called Game Design through Mentoring and Collaboration (GDTMC). In this
program, the students learned about Science, Technology, Engineering andMathematics
(STEM) through game design with GameMaker, while they simultaneously learn about
basic immunology and neurology. Students were assigned into 4 groups of 4 students.
First, students, who voluntarily enrolled in a training course, during the school year,
have learned 3-D computermodelling and animation, computer programming, and video
game design one 2-h session a week, on Saturdays, for 10 weeks. Then, students, who
wished to go on, have designed a game, during the summer, 4-h a day, for 4weeks.During
the first week, a science subject matter expert gave a brief overview on basic neurology.
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Then, students have worked on their game design project for 3 weeks. The class was
directed by an instructor with game programming knowledge and skills. The instructor
observed the students and kept students on task. Mentors, who were former GDTMC
participants and/or who were in college for technology-related fields, were hired to help
the students on technical aspects of the games. Before programming their game, students
have created an outline for the game. Results showed that game design-based learning
occurred through 3 processes. First, designing a game led student to highlight their
lack of knowledge and to seek to fill in the gaps. Then, designing a game contributed
to a high sense of ownership and responsibility to make the game attractive, engaging
and scientifically accurate. Lastly, students have been able to verbally articulate their
understandings of the concepts that they introduced into the game.

In [8], the game design was about creating a Mathematics game. Sixty-four mid-
dle school children have used Scratch to design a game to learn about mathematical
operations such as multiplication and division. Students were assigned into 10 groups
of 6–7 students. Before designing their games, students have played a collection of
computer Math games at their computer classes. Then, they received three 1-h training
sessions on using Scratch. Students were encouraged to play to the games available
on the developer community website, so they could discover Scratch functions and
potentials. Students have worked on their game design project for two 1-h sessions a
week, for 6 weeks. During the game design activity, five graduate students, who were
enrolled in an educational game design course, provided scaffolding to themiddle school
children. They have answered questions on Mathematics content and on game design;
they have given feedback and encouragement. The game making process included the
design of a paper prototype. During paper prototyping, students have worked together,
brainstormed, shared game design ideas, negotiated and explainedMathematics content.
Students could program their game once the paper prototype was finished. After paper
prototyping, team members have divided tasks. Coalitions have been created in sub-
groups where 2 students have usually worked together on their game design actions like
internet-based resource searching (such as images and music), game programming, and
game testing and refining. During the last game design session, each group has uploaded
its game on the developer community website, has presented it to the other students,
who gave feedbacks. 52% of students reported to have learned mathematical concepts
by designing the game. To assess students’ attitudes towards Mathematics, participants
have completed the Attitudes TowardsMath Inventory (ATMI) before and after the game
design activity. Results showed that ATMI post-test mean scores significantly increased
in comparison with pre-test mean scores (mean difference = +2.56; p = .01). p is for
p-value or probability value. p is used to quantify the idea of statistical significance of
evidence.

In [9], the game design was to create a game about Mathematics. Twenty-eight 8th

grade students have used BlockStudio to design a game to learn about mathematical
operations such as bases and exponents. During the previous school year, the authors
proposed a game design course, only for teachers, which has enabled to encourage
teachers to participate with their students in the research. The Math teacher and the
Portuguese teacher have accepted to involve with their students to the research. Students
were assigned into 10 groups of 2–3 students. First, students were given a preparatory
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session about game design, for three 45-min sessions to introduce the project, to explain
how to design a game and to present BlockStudio. Onemonth later, students have worked
on their game design project for eleven 45-min sessions. Each group had to design their
game by filling a Game Design Document (GDD). A GDD is a descriptive document
which is filled during the game design activity. It includes the game features as the game
world, the story of the game, the characters, the storyboard, the rules, the sounds and
the music, the user interface, the game controls, etc. In the last day, each team tested
the other students’ games and gave them feedbacks, so each team could modify and
improve its game. On a 4-points Likert scale, students reported to have understood the
mathematical concepts (M = 3.66; M represents mean value). Students were motivated
by the project. Indeed, they reported to have worked during their free time. Teachers
also reported that students were motivated (M = 3.5).

2.3 Discussion

Based on Sect. 2.1, we notice that no onemethodology is suitable for our context. Indeed,
all these threemethodologies of game design require experts in the content domain and in
design and development. Otherwise, in the content-centric development process model,
experts in the content domain are in the center of the process. In our research work, we
need a methodology of game design which would be student-centred.

All the research works reviewed on Sect. 2.2 allow us to identify 11 important steps
of game co-design: (1) Specify the pedagogical objectives, (2) Identify the game design
software, (3) Identify games with similar field, (4) Play games with similar field for
inspiration, (5) Deliver learning content to students, (6) Read, watch, listen, understand
the learning content, (7) Teach students and teachers about how to design a game,
(8) Teach students and teachers about how to use the game design software, (9) Co-
design the game, (10) Co-implement and co-develop the game, (11) Evaluate the game.
Table 1 details these 11 steps of methodology of game co-design. This methodology
involves different actors: the game designer, the researcher, teachers, and, obviously, the
nursing students. Each actor has different actions. First, in step 1, the teachers specify the
pedagogical objectives. In step 2, the game designer identifies the game design software.
In these 4 above-mentioned research works, 3 different game design software have been
used: GameMaker, Scratch, and BlockStudio. These 3 different game design software
are freeware (at least temporarily). One of the next steps of our research work will be to
lead a game design software review to describe their features and to identify the more
suitable game design software for our nursing students (19–20 years old). The game
design software will have to be user-friendly, easy, and rapid to use. In step 3, the game
designer identifies games with similar field. In our research work, the learning field is
about nursing and more specifically in the clinical reasoning field. Thus, the games will
be about this area. In step 4, the students play the games with similar field in order to
get ideas for their own game. In step 5, the teachers, who are the subject matter experts,
deliver pedagogical resources. In our research work, the nursing teachers will deliver the
learning content about clinical reasoning. In step 6, the students read, watch, and listen
to the pedagogical resources. They share their understanding of the learning content.
In step 7, the game designer teaches students how to design a game, overall. In step 8,
the game designer teaches students how to use the game design software which will be
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chosen by the game designer. For examples, the game designer explains the importance
to: (1) find a balance between serious content and playful feature to introduce into the
game or (2) give feedback. Indeed, immediate feedback fosters flow state [10]. The game
designer teaches students and teachers what kind of gameplay mechanics or reward can
be used, how to create a sprite or different levels with a progressive level of difficulty. In
our researchwork, the game designer will teach both students and teachers how to design
a game and how to use the game design software. In step 9, the students co-design the
game. In our researchwork, students will fill a GameDesignDocument (GDD). Students
will produce a paper prototype. In step 10, they implement their computer game. Lastly,
in step 11, the game designer, the researcher, the students, and the teachers assess the
game prototype. The students present their game to the other students. In our research
work, students will be asked to especially present the serious content introduced into the
game. So, it will help them to verbally articulate their understandings of the concepts
that they introduced into the game [7]. Moreover, the students test the games of the
other students and give them feedback. So, they can improve their game. Through the
students’ presentation and game prototypes, the teachers assess the accuracy of the
learning content introduced into the games.

Table 1. Methodology of game co-design

Steps Actions Actors

1 Specify the pedagogical objectives T

2 Identify the game design software GD

3 Identify games with similar field GD

4 Play games with similar field for inspiration S

5 Deliver learning content to students T

6 Read, watch, listen, understand the learning content S

7 Teach students and teachers about how to design a game GD

8 Teach students and teachers about how to use the game design software GD

9 Co-design the game S

10 Co-implement and co-develop the game S

11 Evaluate the game GD-R-S-T

GD: Game Designer/R: Researcher/S: Students/T: Teachers

Our research work aims to design and implement a game co-design-based learning
activity and to assess its efficacy on motivation and learning. Thus, in our research work,
the researcher will measure students’ motivation and learning to assess the relevance
and effectiveness of the learning activity. The game designer evaluates the gameplay
mechanics introduced into the game. Based on the existing works about game design-
based learning presented previously, collaboration and scaffolding are two essential
characteristics that can be found in different steps of the game design (6, 9, 10, and
11). Collaboration is “a process in which entities share information, resources, and



Towards a Methodology to Co-design a Learning Game by Nursing Students 279

responsibilities to jointly plan, implement, and evaluate a programof activities to achieve
a common goal” [14]. Scaffolding is a “support given by a teacher to a student when
performing a task that the student might otherwise not be able to accomplish” [18].
Scaffolding refers to support that is adapted to the student’s needs. Collaboration occurs
exclusively between students, while scaffolding occurs between students and teachers,
and between students and the game designer. In step 6, students discuss and share
their understanding of the learning content. They can search for additional learning
content (collaboration). Students can help each other to understand the learning content.
Teachers can help them too (scaffolding). In step 9 and 10, students brainstorm, share
ideas and negotiate during the paper prototyping and the computer game programming
(collaboration). Students help each other in learning content and programming. In the
same way, while teachers help students in learning content, the game designer helps
students in game programming. Furthermore, teachers and the game designer can also
give encouragement. In [7], the authors emphasize the need to support the students who
are discouraged for them not to drop out the game design project (scaffolding). In step
11, the students test the other games to get ideas for their own game. The teachers
and the game designer give feedbacks to students to help them to improve their game
(scaffolding).

3 Gameplay-Based Learning

In this section, we present studies in which serious games have been used by nursing
students for clinical reasoning learning: (1) to identify the games (step 3 in Table 1)
students could play for inspiration (step 4), and (2) investigate how games have been
assessed (step 11).

In [11], the author has designed a game simulation, a kind of role-playing game,
used for pharmacology learning. 4 nursing teachers have been recruited as actors for the
game simulation: the new nurse, being unsure with himself/herself and taking care of
the patient with hesitation; a preceptor helping the new nurse in caring for the patient; a
familymember pushing the Patient Controlled Analgesia (PCA) button; a rapid response
team nurse bringing the crash cart and administering the reversal agent. A high-fidelity
patient simulator was used as the patient. The game simulation has been played in the
hall lecture. The storyline starts when a family member pushes the PCA button, resulting
in a morphine overdose and the staff nurse begins taking care of the patient. 79 third-year
nursing students have participated to the study. During the game simulation, a bell rings
5 times and the actions stop each time. Students have been asked to determinate the
next priority action with 4 possible options. Students were given 2 min to discuss the
situation with the other students and share their opinions. Then, they have individually
answered each question on the Learning Management System (LMS). Actors restart
actions, according to the majority vote. After the game simulation, a debriefing was
conducted. To assess the effects of the game on pharmacology learning, students have
completed pre and post-tests, including 11 questions focusing on care for a postoper-
ative patient receiving morphine. Results show that post-test mean scores significantly
increased in comparison with pre-test mean scores (mean difference=+4.99; p< .01).
On a 5-points Likert scale, students reported a high level of self-confidence in learning
(M = 4.37).
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In [3], authors have designed a game called CareMe, used for clinical reasoning
learning. The game view represents a 3D character (a patient) in an immersive 3D
environment representing a hospital ward. The player takes the role of a nurse. The game
consists of 5 scenarios. The game sessions last 30 to 40 min. Each student played at its
own pace. Students played 2 to 5 scenarios. Some students played the scenarios once,
others played scenarios twice or more. The game is a single-player game. However,
students can compete against themselves (to improve his own score) or against other
students (to compare players scores). The game also has a fast-paced complication
mode in which students compete against time (to make more timely decision). The game
provides immediate feedback in terms of points, patient reactions, in-game facilitator’s
comments, and success or failure effects. 166 nursing students have participated to the
study. To assess the effects of the game on clinical reasoning learning, nursing students
self-filled a 5-points Likert scale, including 14 variables. Nursing students indicated,
between «not at all» to «very much», what they think they learned during the game. For
example, one of variables was «I learned to collect information by interviewing patient».
Results show that students learned mainly to collect information (M = 3.2) and to take
actions (M = 3.3).

In [12], authors have designed a game called e-Baby, used for preterm infant’s oxy-
genation evaluation learning. The study presents the learning game development based
on an emotional design model. Indeed, authors showed that positive emotions foster
learning, curiosity, and positive thinking [12]. The game view represents a simulated
incubator with a virtual preterm infant. The player had to evaluate the preterm infant
oxygenation: respiratory rate, pulmonary auscultation, respiratory tract permeability,
oxygen saturation, skin colour, breath sounds, etc. Seven real and validated cases of
preterm infants have been developed for the game. The opening screen of the game
shows a virtual nurse presenting the baby and his/her case. Each case consists of several
phases in which the level of difficulty gradually increases. In phase 1, the virtual preterm
infant presents less affected oxygenation. In phase 2, the virtual preterm infant presents
a worsening respiratory condition. In the last phase, the virtual preterm infant presents
a critically affected oxygenation. During the game, the player’s knowledge is tested via
questions. If the answer is correct, the baby laughs, and if the answer is wrong, the baby
cries. According to the student’s answers and actions, a blue points sidebar moves up or
down. Unfortunately, in this paper, this game has not been evaluated by the researchers.

These games cannot be used by students for inspiration because they are not avail-
able online. However, we can learn how researchers evaluate these games from learning
and motivation aspects. Based on studies about gameplay-based learning presented pre-
viously, learning has been evaluated twice and via pre and post-tests while motivation,
more precisely self-efficacy, has been assessed once only after playing the game.

In addition, we have to look to available games that students could play for free.
Even, these games have not been described in any scientific publication, they could be
used by students for inspiration.

4 Conclusion and Perspectives

In this paper, we identify a methodology to co-design a serious game in the clinical
reasoning field by the students. This methodology is composed of 11 steps and involves
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4 different actors (game designer, teachers, researcher, and students). It is based on 2
essential characteristics: collaboration and scaffolding. Existing serious games in the
field can be an inspiration in the co-design. That is why we review existing research
works about gameplay-based learning. In contrast, a further review should be led to
identify and describe learning games in the similar field for inspiration.

This proposed co-design methodology will be applied in IFsanté, a nursing school in
France. The first evaluation will concern approximately 135 second-year students. Stu-
dents will be divided into 3 groups. A first experimental group will co-design a game.
A second control group will receive a classical teaching approach. A third group will
play the developed game. Our aim is to assess the difference in learning and motiva-
tion between (1) students who co-design the game and students with classical learning
approach, and (2) students who co-design the game and students who play the game.
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Abstract. This paper introduces to Class-Card, a role-playing simulation allow-
ing pre-service teachers to experience a large part of the instructional process,
from planning, to post-active phases. The players first have to perform a cognitive
analysis of the learning tasks of a lesson, then they are faced with disruptive events
they react on, guided by theoretically-sound frameworks.We examined seven pre-
service teacher students using Class-Card on five simulations. The results show
that participants were engaged in rich decisions and verbal interactions about
the events they were faced to. We contend that Class-Card is a promising way
to attenuate the “reality-shock” novice teachers experience and help them build
professional knowledge.

Keywords: Role-play simulation · Teacher training · Teacher professional
development · Classroom assessment scoring system

1 Introduction

To teach is complex because it implies to make many decisions urgently. So, teachers
typically go daily through three intertwined phases [1]: pre-active, when they specify
learning objectives and content (design phase); interactive, when they introduce to the
content, manage classroom, and support students’ understanding; post-active, when they
assess the whole instructional session, students’ learning, and make adjustments for
further implementations.

Pre-service teachers usually encounter difficulties to understand and manage these
phases [2], as planning is an articulated process linking curriculum and taught knowledge
on one hand, and contextual features, like students or classroom context, influencing
these phases on the other [3].Also, pre-service teachers hardly handle interactive decision
making, classroom management or feedback-related information because they heavily
rely on numerous and complex cues [4].
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Even if internships are essential to experience teaching in authentic contexts, they
often are difficult to organize, manage, and mentor [5]. Building training devices
that would enable pre-service teachers to simulate simplified yet realistic instructional
situations would give them the opportunity to experience useful skills in university
settings.

2 Instructional Process and Teacher Training

Teacher education should certainly be strongly anchored in real-life practices. However,
training of pedagogical skills should not be entirely left to field experiences or internships
as it could lead, for teacher university, to loss of control of rich field-experience material
allowing to enhance pre-service teachers’ academic learning [6]. Simulations and role-
playing have been long used to that end in teacher education [7].

Micro-teaching [8] is an efficient way to simulate instructional events and to train
teachers. After a self-record of a short teaching session, the teacher, other peers, and
their trainer view the session and make feedback and comments. Also, video-displayed
events are used in teacher training in an efficient way [9]. On one side, micro-teaching,
as a collective role-play, is highly implicative, but makes students focus on improvised
turn-taking rather than deliberate participation. Video-based training, on the other side,
requires a large database of events, but may not always be adapted to participants’
concerns, since the videos are selected by the trainer. Besides, they also may focus
novice teachers on details rather than on more general features [10].

Even if micro-teaching and video-based training put risk-free time constraints on the
training, they do not address other professional facets like considering alternate teacher
behaviors [11], and ways to collaboratively design them and test their likely effects.

3 Learning Teaching Through Role-Play Simulations

The goal of instructional games, role-plays, or simulations is to expose pre-service
teachers to situations and help them develop and exercise their decision-making. Games
are focused on competition and entertainment, role-plays on fidelity of the players’
interactions, whereas simulations are more open-ended situations where some important
variables interact [12]. With a large positive overall effect (g = .85), simulations are
among the most effective means to facilitate learning of complex skills and scaffolding
types including feedback and reflection can enhance this effect [13]. The three main
features of simulations are the objects or situations they mimic, the tools they use, and
their fidelity [14]. Table 1 lists some instructional process simulations.

According to Gredler [12], simulations have to present: (a) an adequate model of
the complex real-world situation the participants have to cope with; (b) a defined role,
including responsibilities and constraints, for each participant; (c) a rich environment
allowing participants to execute strategies; (d) and, feedback for participants’ actions.
Incorporated in a teacher training simulation, these characteristics enable pre-service
teachers to undertake cognitions and behaviors close to those theywould be experiencing
in real-world teaching contexts.
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Table 1. Some simulations of instructional processes.

Simulation Simulated objects and
situation

Tool description Fidelity

Family Case Simulation
[15]

Group discussion on how
to help a dysfunctional
family

Teachers’ cases Low

Video Card Game [16] Solving pedagogical
problems collaboratively

Bank of short video
excerpts to be annotated

Mid

SimSchool [17] Learners with specific
needs behavior simulation

Web-based system Mid

Cook School District [18] Simulation of students’
engagement and
performance

Web-based system Mid

We designed a study to assess the usefulness, for teacher training, of Class-Card, a
role-play simulation of the teaching process phases. We address the following research
questions: Firstly, can Class-Card encompass the different phases of the instructional
process? How did the participants tackle with these phases? Did they understand their
roles easily? With which role-play flow? Secondly, what information type (e.g., from
the lesson plan, the events) do participants process across the simulation? Do the role’s
and participants’ expertise level affect the type of information they use?

4 Method

4.1 Class-Card Role-Play Phases

Class-Card is a paper-based role-playingboardwhich simulates the teachingphases (pre-
, inter-, and post-action). It is played by three players of whom two are in frontline: The
Teacher (role taken by a pre-service teacher) and thePlay master (a pre-service teacher or
a teacher trainer depending on the session form, see Sect. 4.3) interact according toClass-
Card’s lesson plan, see Sect. 4.2, and additional material. The Discussant (background
function taken by a teacher trainer) initializes the game and manages the discussion. So,
a Class-Card session has three phases preceded by an initialization phase.

– Initialization. The experimenter presents the simulation material and explains the
game’s purposes, rules, and phases. The Teacher reads the Lesson plan (see Sect. 4.2)
which is the focus of the Preparation phase.

– Preparation. This phase, during which the Discussant has the background role of
clarifying the rules and note taking for the Discussion phase, is composed of two
sub-phases. This phase corresponds to teaching’s pre-active phase.

• Examination. The Teacher analyzes the lesson plan to draw a best mental image of
it. Following this analysis, he selects the most appropriate pupil action cards [PAC]
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and teacher action counters [TAC] to define, as accurately as possible, respectively
pupils’ cognitive activity during the lesson sub-sections and how he would con-
cretely implement them. Short notes can be written on sticky notes to detail the
situation and help remembering some important points. The result is a sort of a
coded lesson shape the Teacher has to implement in the simulation phase.

• Explanation. The Teacher explains what are the main points of his Examination
to the Play master who can request more details. Then, the Play master randomly
picks between 3 or 5 Disruptive events cards [DEC] to be used in the next phase
during which the Teacher can only refer to the coded lesson.

– Simulation. During this phase, which represents the interactive teaching phase, the
Teacher simulates a real-time role-play of the lesson, as if he were in front of pupils.
The Play master observes and can interrupt, at any moment, with playing one of the
DEC’s front-side to simulate a situation the Teacher has to react spontaneously on.
Then, both Teacher and Play master read its backside, to assess the soundness of
Teacher’s reaction. The backside’s content ensures a form of theory-grounded lesson
assessment. This phase is iterated until the lesson plan is fulfilled.

– Discussion.During this phase corresponding to teaching’s post-action, theDiscussant
manages a debate between Teacher and Play master who express their feelings or
opinions, discuss the decisions, formulate alternative actions, etc., of the preceding
Class-Card phases. The following questions serve as a framework to the discussion:
“Which problems appeared? Which decisions did you make to solve them? Which
oneswere difficult to solve?What would youmodify if you had to perform this session
again? What did you learn during the simulation session?”.

4.2 Material

Material of Class-Card simulation game comprises a lesson plan and the role-playing
material described hereafter.

Lesson Plan. The participants get a lesson plan including 6 phases of a French language
lesson on adjective agreement (3rd Grade). Its goal is to deeper characterize illustrated
monsters in a problem-solving session.

1. Problem (5 min). Students read a monster’s description to guess which monster
picture, among plenty, matches the description.

2. Work Phase (10 min). Students improve the monster’s description.
3. Collective Discussion (10 min). Some students’ descriptions are read out loud,

insisting on adjectives, to the whole class; students guess which monster matches
them.

4. Synthesis (15 min). A collective synthesis is produced: adding adjectives specifies
more accurately the nominal group; adjectives are a useful description means.

5. Transfer task (10 min). The students write a chosen monster’s picture description.
6. Assessment. The students play a game consisting in matching their portraits and

descriptions.
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Role-Playing Material. Alongside the simulation session, theoretically-sound peda-
gogical information is delivered to scaffold the gameplay. Three kinds of material exist.
Pupil action cards [PAC] (see Fig. 1a) are selected by the Teacher during the preparation
phase to define learners’ cognitive activity, relying on Bloom et al.’s cognitive taxon-
omy [19]. Teacher action counters [TAC] are taken from Merrill’s [20] classification of
instructional activities (tell, show, ask, help, supervise) and are selected by the Teacher
during the preparation phase to define his teaching acts. Disruptive event cards [DEC]
(see Fig. 1b), which were randomly picked by the Play master during the Teacher’s
explanation, are used during the simulation phase to represent a plausible disruption
in the lessons’ progression. Their front-side introduce to a disruption, its dimension
according to the Classroom Assessment Scoring System (CLASS) manual [21], and a
question the Teachers has to reflect on. Their back-side present a CLASS-based analytic
elaboration, to help ground the soundness of players’ assessment decisions and stimulate
a reflexive practice, rather than to propose unquestionable tips.

a b Front side b Back-side

Fig. 1. a: Pupil Action Card b: Disruptive Event Card

4.3 Participants

We recruited 7 participants and 1 teacher trainer (author 2, experimenter) from the
Grenoble Teacher Training Institute. They played a Class-Card simulation adopting two
different forms depending on the roles’ distribution among participants (see Sect. 4.1).
All the sessions were audio-recorded upon participants’ agreement.

The first form is teacher trainer-led as the experimenter played the role of the Play
master but also that of Discussant during sessions 1, 2 and 3, within which a pre-service
teacher took the Teacher’s role. The second form is pre-service teacher-led as two pre-
service teachers played respectively the Teacher’s or the Play master’s roles (sessions
4 and 5). Here, the teacher trainer initializes the simulation and discreetly observes the
preparation and the simulation phases; for 2 sessions he also took the Discussant’s role
to undertake a debriefing of the simulation session. This results in five sessions as shown
in Table 2 which also details some participants’ basic characteristics.
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Table 2. Basic information on participants.

Sessions Roles Degree Participants work experience as teachers

Teacher trainer-led sessions

1 Teacher Undergraduate Kindergarten

2 Teacher Kindergarten, elementary

3 Teacher 2nd-year Master 50 + days kindergarten and elementary

Pre-service teacher-led sessions

4 Teacher 1st-year Master 40 + days kindergarten and elementary

Play master 1st-year Master Kindergarten, elementary, and high schools

5 Teacher 1st-year Master Kindergarten and elementary

Play master 1st-year Master Kindergarten and elementary

4.4 Data Collection and Treatment

Each session (duration, about 90 min) was audio-recorded and transcribed. To begin,
the experimenter introduced the two players to the overall goal of the experiment, and
explained the simulation rules, which were handed in print format for further reading
(Initialization phase; see Sect. 4.1).

The transcription of the participants’ utterances during the simulation sessions was
content-analyzed: propositions about similar ideas were counted and ranged in mean-
ingful categories and differentiated by the kind ofClass-Card material that stimulated its
appearance (e.g., lesson plan, pupil action cards and teacher action counters, sticky notes,
reaction to disruptive event cards, and its assessment with its backside; see Sect. 4.2).
Actions or decisions declared during the lesson’s pre-active, interactive and post-active
phases were coded and counted using the categories named after Class-Card material,
and the preparation phase’s sticky notes. Actions or decisions independent of Class-
Card’s stimulation were coded as “built ideas”. The discussion was neither processed
nor analyzed for paper length purposes.

5 Results

5.1 Qualitative Results: Overall Simulation Activity Flow

Table 3 reports thematerial types’ use frequencies during each session.We note a similar
use of the material across session forms (χ2

(3) = 2, 36; p = 0,50). However, even if the
distribution of the material type adopts a similar shape (more PAC and TAC then sticky
notes and reactions to DEC), the teacher trainer-led sessions present about the double of
PACs and TACs compared to the pre-service teacher-led ones, which can be an expertise
effect. The rest of this section qualitatively analyzes the different phases.

Preparation: Examination Sub-phase. Teachers formulated additional examples and
remarks about the content; they elicited expected students’ answers andproductions (e.g.,
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Table 3. Class-Card use descriptive data during the whole simulations. Read: During the first
session, 15 Pupil Action Cards were used during the examination sub-phase.

Session
Form

Teacher trainer-led Pre-service
teacher-led

Session
ID

1 2 3 Total 4 5 Total

Pupil
Action
Card

15 20 10 45 6 11 17

Teacher
Action
Counter

14 20 13 47 14 9 23

Sticky
Notes

2 7 12 21 6 9 15

Reaction
to DEC

3 3 5 11 4 3 7

Session 3: “Why did you eliminate this monster? How did you do?”). They described
actions they might be engaged in (e.g., Session 3: “The teacher walks from student to
student to gather some students’ productions to be displayed on the board”).

Preparation: Explanation Sub-phase. Teachers mentioned likely students’ cognitive
activities according to Bloom’s taxonomy (e.g., Session 3: “I gonna ask her some ques-
tions to check if she’s actually reflecting on the task by herself, instead of simply waiting
to me.”). Thus, they accounted for possible events and facts which were not mentioned
in the Lesson plan, sometimes further exploring the consequences of a decision (e.g.,
Session 2: “If no student answers ‘qualificative adjective’, I should give one myself,
unless I have to explain it because students have usually to elaborate on that idea.”).

Simulation Phase. Two different kinds of elaborations were given. Firstly, before any
disruption appearance (DEC), verbalized thoughts were mainly about preparation phase
(e.g., Session 3: “If the monster’s description lacks information, I’m expecting that
students make several suggestions. If we realize that we’re lacking answers, then infor-
mation about monsters may lack”). Secondly, after a disruption, Teachers often focus
on novel elaborations from scratch to bring real-world details that would fit the event
better. Expectedly, in both cases, they thought syllogically (“if … then …”), and explored
alternatives to actions partly based on the CLASS-based information available on the
DEC’s back-sides.

Discussion Phase. This phase varied across sessions: some Teachers used it to perform
a deeper analysis of the simulation session while others used it to reflect on their own
activity. Three main points were reviewed: – the degree of likeliness or authenticity of
the proposed situation or undertaken actions (e.g., Session 4: “Just keep in mind that
during a lesson nothing goes as planned and we’ve always to adapt to situations… So
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events make us see exactly how we adapt.”; Session 3: “I think our reaction to events
during the game is close to those in real-life, we can’t actually turn things in our head, we
decide on-the-fly”); – the relevance of the simulation acts performed during the session
(e.g., Session 3: “I found it more interesting to plan a lesson and simultaneously think
about what pupils would do, because I tend to leave this behind”); – the efficiency of
their own player’s role as Teacher (e.g., Session 3: “Just when I was explaining the tasks,
I was realizing that they were not so clear”).

5.2 Quantitative Results: Verbalizations Source References

About the information type used and the effect of role definition and players’ expertise
level, Table 4 shows each Class-Card phase and the source material originating the
players’ discourse to typify the simulated lesson.

Table 4. Verbalizations’ sources as percentages of the overall explanation, per phase and play
form. Read: In Examination sub-phase, 48.1% of players’ talk in the Teacher trainer-led condition
referred to the lesson plan.

Source/phase Teacher trainer-led Pre-service teacher-led Statistical test

Prep.–Examination

Lesson Plan 48.1 41.1

PAC & TAC 11.9 9.7

Built Ideas 40.0 49.3 χ2
(2) = 1.74

Reaction to DEC – – p = 0.42

Preparation – –

Prep.–Explanation

Lesson Plan 24.6 60.1

PAC & TAC 31.4 15.3 χ2
(2) = 25.92

Built Ideas 44.0 24.6 p < 0.01

Reaction to DEC – –

Preparation – – Vc = 0.36

Simulation

Lesson Plan 22.2 25.9

PAC & TAC 0.8 0.4 χ2
(4) = 1.87

Built Ideas 61.7 63.7 p = 0.76

Reaction to DEC 2.6 0.9

Preparation 12.7 9.1
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Typically, after their lesson plan reading, the Teacher engaged in the Examination
phase equally referring toLesson plan or expressing new ideas. Then, duringExplanation
phase,where amore theory-grounded codingof the lessonwas supposed to be stimulated,
references to the sources adopted a significant and moderate difference according to
the session forms: the focus on lesson plan remained for the pre-service teacher-led
form, whereas in Teacher trainer-led sessions PACs and TACs quotations and built ideas
formulations were more frequent. So, a sort of expertise ensured that Explanation’s talks
are closer to Class-Card’s underlying objectives.

During Simulation phase, even if the reference to DECs was very low, the CLASS-
based back-sides of these cards let participants reflect on the pedagogical consequences
of events and reactions to them by expressing a growing amount of Built ideas (about
60%), demonstrating a sort of adaptability by giving novel alternatives as well of a
“percolation” of the ideas elicited in the previous phases. PACs and TACs information
were not mentioned, while references to the Preparation sub-phases were cited (about
10%). These reflections were in line with the Lesson’s objectives as the plan still stays a
reference (about 25%). There was no statistical difference according to the session form
but, as in previous phase Play master’s expertise permitted a closer appropriateness
to Class-Card design objectives, the distance of the Built ideas to theory-based and
effective pedagogy should be examined.

6 Discussion

Class-Card is designed to simulate, at small cost, the teaching phases to permit pre-
service teachers’ engagement and adaptation in a reflective analysis of their upcoming
daily activities – planning (pre-active), teaching (interactive), and assessing their instruc-
tion (post-active). Class-Card creatively enhances the grounding of a two-fold process:
the coding and reflective analysis of instruction based on theoretically-sound material
(Bloom’s pupil cognitive activities,Merrill’s teacher activities, CLASS-based events and
teaching classification). This material is pedagogically agnostic and allows the coding
of a large diversity of lessons. Results show Class-Card’s successful design as it ensures
an understanding of a shared vocabulary and an increasing verbalization of alternative
teaching acts as many novel ideas were built during its simulation phase.

More specifically, the Preparation phase enabled the Teacher to make strong con-
nections between teaching and learning, in precisely defining both his actions by lesson
coding, and students’ cognitive activities during teaching. This permitted pre-service
teachers to surpass possible self-centered concerns. Simulation phase let the Teacher
act according to his planning and improvise when facing prototypical disruption. The
Teacher’s reflection was enriched by CLASS dimensions and fostered explanations of
pupil behavior and their likely causes, and of Teacher’s own reactions’ nature and degree
of effectiveness. However, this game ismost efficient if thePlay Master has a certain ped-
agogical expertise to scaffold players’ thoughts, notably in the Explanation sub-phase.
Unfortunately, it was impossible to examine precisely the effect of this expertise in the
discussion phases on talk quality as results present material use frequencies and not the
theory or meta-analysis basement of players’ talk.

This explorative study has two limitations. The amount of sessions is low and the
roles’ distribution across sessions is unequal. Class-Card simulation’s rules are complex
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and need a time-consuming understanding effort. This leads to the suggestion of next
research perspectives: increase the sample’s size, equally balance participants among
the experimental groups, develop cards and counters relying on meta-analytic results
on teacher effectiveness, refine the talks’ categorization system (adding a dichotomized
category: meta-analysis or theory-based). We also plan to measure the effect of multiple
Class-Card sessions involving multiple lesson plans, likely built from scratch, about
various content and/or disciplines, on pre-service teacher’s reflective analysis of his own
teaching practice during internships. This would allow to gauge its consequences on the
“reality shock” novice teachers often experience [22].
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Abstract. For this study, the authors designed a serious game to increase leisure
reading engagement in H. C. Andersen’s fairy tale, The LittleMermaid. The objec-
tives were to increase leisure reading engagement among young Danish adults and
to familiarize the group with original version as a supplement to the Disney ver-
sion. The novelty within this study is the focus on leisure reading engagement
and having participants read a story in its original 1837 language. 25 participants
were included in a formative evaluation. The evaluation was based on three ques-
tionnaires at various stages of the game play, and six participants were selected
for in-depth interviews. The findings reveal increased engagement and interest
in the story throughout the game. There was a very high level of interest in the
story and some good indicators that the users read the entire story. In conclusion,
when designing a serious game to promote increased leisure reading engagement,
intrinsic motivation is of high importance. Telling the original story of The Little
Mermaid in a serious game is, to a large extent, about transforming the fairy tale
into a digital storytelling with meaningful skills and knowledge for the users.

Keywords: Reading engagement · Digital storytelling · Intrinsic motivation ·
Formative evaluation

1 Introduction

The Danish author Hans Christian Andersen (1805–1875), usually called H.C. Ander-
sen, is recognized around the world for his fairy tales and stories. From the very first
publication, it was H.C. Andersen’s intension to target not only children, but also to
activate the adult consciousness, and the childlike imagination. His fairy tales are with
high complexity of language and contains complicated philosophical, psychological,
existential and social issues with life experiences and lost. For the same reason, H.C.
Andersen’s collection of fairy tales are commonly used as presents for young adults in
Denmark, but are rarely read.

The aim of this study was to implement a serious game to achieve leisure reading
engagement for H.C. Andersen’s fairy tale, The Little Mermaid. The story follows the

© Springer Nature Switzerland AG 2020
I. Marfisi-Schottman et al. (Eds.): GALA 2020, LNCS 12517, pp. 294–303, 2020.
https://doi.org/10.1007/978-3-030-63464-3_28

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-63464-3_28&domain=pdf
http://orcid.org/0000-0001-9071-7168
https://doi.org/10.1007/978-3-030-63464-3_28


How to Engage Young Adults in Reading H. C. Andersen’s Fairy Tale 295

journey of a young mermaid who is willing to give up her life in the sea to gain a human
soul. The tale was first published in 1837 and was later adapted to various versions,
including musical theatre, ballet, opera, and Disney’s well-known animated film [1].
The research question of this study was: How can young Danish adults be engaged in
reading H. C. Andersen’s fairy tale, The Little Mermaid, through a serious game? The
background and objectives behind the research question were twofold:

1. To increase reading engagement among young adults aged 18 to 25.Over the past few
decades, young adults have changed their habits, reading fewer novels and fairy tales
but spending more time reading online than before [2–4]. In Demark, 20% of young
adults do not read fiction [13], which is equivalent to other international reporting
[4, 14]. On average, across OECD countries, 37% of young adults (students) report
that they do not read for enjoyment at all [14]. Reading has always been encouraged
through complex and diverse practices. However, there is a huge concern that young
adults do not read well enough to cope with the increasing literacy demands of
an information society [3–5]. Reading fiction among young adults appears to be
positively associated with higher performance on reading assessments [14]. Reading
is a skill with many graduations of proficiency, and reading a rather complex tale
from 1837 requires a different level of reading ability (compared to, e.g., a newspaper
or subtitles on Netflix), which is challenging for many young adults [3–5].

2. To let young adults understand H. C. Andersen’s fairy tale, The Little Mermaid, as
a supplement to the Disney version. The Disney version of The Little Mermaid is
widely known and has been a bestseller [6], whereas few young adults have read
the original fairy tale the Disney version is based on. In both versions, an evil sea
witch takes the little mermaid’s voice in a trade that allows the mermaid to walk
on land. There is also a storm, and the little mermaid must save the prince from
drowning. However, there are also major differences. In the original version, there is
a narratively influential grandmother, and the little mermaid does not have a name;
she is only referred to as the little mermaid. In Disney’s version, her name is Ariel.
In the Disney version, the sea witch (called Ursula) is killed, and Ariel and Prince
Eric live happily after. In the original version, the prince never discovers that the
little mermaid actually saved him. In Disney’s version, Ariel will belong to the sea
witch if she does not complete the task; in the original, she will die if she does not
complete the task. The original tale is far more complex than the movie fromDisney,
as well as far more dystopian, melancholic, and gloomy.

2 Previous Research and Theoretical Framework

Reading engagement is amultidimensional construct including behavioral, affective, and
cognitive dimensions [15]. It can be defined as the interest and attitude towards reading
and the time used to read a diversity of material for pleasure [7]. Reading engagement
for enjoyment is multidimensional and used from various perspectives in various fields;
it is also complex, with many variables, including motivation, frequency, emotional
engagement, gender preferences, and storytelling.
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a) Motivation. Engaging in leisure reading, both in serious games and in other media
(analogue included), requires the reader to bemotivated [9]. This involves, e.g., important
elements within the text’s content, comprehending the text, gaining new knowledge, and
social interactions with used knowledge and/or lessons learned from the text [8, 9].
Furthermore, to design a motivating reading experience in a serious game, scholars
have already emphasized aspects of intrinsic motivation, such as curiosity, a desire for
challenge, and involvement [9, 19–23].However, the success of a serious game for leisure
reading purposes depends on players’ motivation to start playing the game and spend
their time, effort, and energy.Hence, players’ intention to interactwith the game is crucial
[17]. It is assumed that the experiences of flow [18] and enjoyment [19] are crucial in this
process. When players have mastered specific challenges, they develop a greater level
of skills that can be used and improved with more complex challenges in other levels
or games [17, 18]; this can have a positive influence on intrinsic motivation in serious
games [20]. Serious games outside a traditional learning context may need to focus
more on intrinsic motivation [17, 20–22] in the possible absence of extrinsic motivation
from a teacher or learning progression. This means that the learning materials need to
invoke curiosity, flow (interplay between challenges and skills), be fun and enjoyable,
and eventually allow the player to gain new knowledge.

b) Frequency. The frequency of leisure and educational reading can contribute to
one’s engagement in reading [7, 10]. Reading engagement and practice allow for more
and/or better reading achievements [14] and more motivation towards reading [3, 7,
14]. Better readers tend to be more motivated to read and therefore read more, which
leads to improvements in vocabulary and comprehension skills, whereas poor readers
experience a decline in skill level [7, 10]. Frequent reading activities also enable readers
to discuss an array of topics and comprehend various viewpoints in social groups [11]. In
applied approaches, previous research has demonstrated how reading in serious games
with self-directed work increases the frequency of reading practice [9, 23].

c) Emotional engagement. Reading engagement in serious games incorporates other
forms of engagement in terms of emotional engagement to positively (interest) and
negatively (boredom) affect the engagement of the reader. Emotional engagement can
be part of cognitive engagement in terms of a reader exerting their mental effort to
comprehend the text-based element of a game [7–11]. However, other cognitive activities
that distract the reader (media or contextual disturbances) can negatively affect the
amount of information the reader can gain or recall [12]. The definition of emotional
engagement varies across literature, as it is used within many contexts. However, there
is a common understanding that it involves interest, motivation, happiness, fun, anger,
empathy, tension, anxiety, and other affective states, any of which could affect gamers’
involvement or effort to continue playing [16].

d) Gender preferences. There are no reported gender differences related to reading
engagement and reading achievements [10, 13]. However, there are some specific gender
differences in terms of motivation for reading. Girls favor narrative and/or continuous
texts, whereas boys’ reading ability is more affected by their attitude, enjoyment, and
interest in the text’s content [10].

e) Storytelling. One way to motivate reading engagement is to include a text-based
story in a serious gamevia digital storytelling (DS). This opens an interactive story/world,
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including both text and game,with the potential to engage a user in the digital storytelling
experience and make them focus on the story itself instead of the text or gameplay
alone. Digital storytelling is well covered and discussed within serious gaming [24–26].
However, digital storytelling is much more than telling a story in a digital format; in a
serious game, it ismainly aboutmaking stories engaging and interactive,withmeaningful
skills and knowledge for the users.

3 Methods

3.1 Participants and Ethical Issues

25 participants were included in a formative evaluation. The participants were young
Danish adults aged 18-24 (mean: 21.5) with 20 males and five females. All participants
were enrolled in different study programs; 13 were enrolled in IT and design programs,
four in humanities, four in engineering, three inmedicine, and one from a nursing school.
Within the last three months, 18 of the participants had not read any fiction, whereas
six participants had read fiction for leisure purposes (reading 1–2 novels each). One
participant had read four novels over the last three months. Twenty-two participants
had played computer games within the last three months; three participants estimated
having played more than 30 h per week. Twelve participants estimated playing 11–20 h
per week, five participants played 1–10 h per week, and 3 participants did not play any
computer games during the last three months.

All participants gave informed consent and were informed that they could withdraw
from the study at any time. We provided all participants with anonymized ID numbers,
and all the data were labeled with these IDs. Furthermore, we applied special consid-
erations when recruiting to inform the participants that we respected each individual’s
reading speed—there was no hurry or judgement based on speed.

3.2 Data Collection, Procedure, and Data Analysis

The 25 participants were recruited by a combination of convenience and snowball sam-
pling via Discord or Facebook. The only criteria for being included in the study was
being a young Danish (holding a Danish passport) adult between the ages of 18–30. Due
to this study being performed during the outbreak of COVID-19, the data collection and
procedure were carried out online.

After giving informed consent and background information, the participants were
provided with a link to play the game based on The Little Mermaid. The evaluation
was divided into three questionnaires provided at various stages of game play. The first
(provided after the first level was finalized) and second (provided after finalizing the
second level of the game) consisted of three options: a) I would like to continue playing
this game; b) I would like to know what is going to happen next in the story; and c)
Please write any comments you have regarding what you have experienced until now.
We provided only these three options so as not to lose potential user engagement or game
flow [18, 19]. After the gamewas completed, therewas a final questionnairewith 9 Likert
scale items based on the participants’ understanding (knowledge check of the reading)
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and engagement. The final questionnaire was inspired by the User Engagement Scale,
short form (UES-SF) [27], and items from the Narrative Engagement Scale [28]. The
rating scale was a 5-point Likert scale (raging from completely disagree to completely
agree). Furthermore, six participants were selected for in-depth interviews following a
semi-structured interview guide.

The questionnaires were analyzed by cumulative frequency—the total number of
answers to specific questions. The interviews were analyzed by traditional coding [29]
following four steps: organizing, recognizing, coding, and interpretation. The inter-
views were transcribed verbatim to be organized and prepared for data analysis. The
transcriptions were read several times by two researchers to recognize the concepts
and themes, which also included a general sense of the information and an opportu-
nity to reflect on its overall meaning. Researchers then coded and labelled the data in
categories/subcategories, followed by interpretation.

4 Design and Implementation

The game was designed in Unity 3D using C# and playable on Mac and PC. The level
design is based on four main scenes. The assets used for all the scenes were gathered
mainly from the Unity Asset store and Turbosquid. We designed the models and ani-
mations of the player and non-player characters (NPCs) using Blender. We used assets
to follow a low-polygon aesthetic and implemented a progression system to ensure that
the player did not miss any of the story and experienced it chronologically.

The first scene (Fig. 1, left) is under the sea in a water castle and designed mainly
to introduce the atmosphere and the premise of the story. Interaction with the little
mermaid’s sisters.

Fig. 1. Water castle (left) and grandmother’s house (right). Top left corner guiding the player of
what to do.

The second scene (Fig. 1, right) is under the sea at the witch’s house, and it covers
the part of the story in which the little mermaid interacts with the witch to get her legs.
In the scene, the player needs to speak to the witch, who sets the goal of collecting skulls
and passing through rings in order to make the potion.
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The third scene (Fig. 2, left) is on the surface near the prince’s castle. In this scene, the
player needs to interact with the prince and the sisters. In each scene, the player’s main
goal is to interact with NPCs to get to know (read) the story. Besides those objectives,
minor challenges (like gathering oysters or swimming through hoops) were designed to
get the players used to the movement of the character, keep them focused, and avoid
boredom. The fourth scene (Fig. 2, right) provides some contextual information about
the fairy tale.

Fig. 2. The prince’s castle (left) and contextual information (right).

To ensure that players are able to experience asmuch of the story as possible, they can
engage with NPCs throughout the game via dialogue-based interactions (implemented
as “Press E to start dialogue”). The dialogue bolsters players’ perceptions of being part
of the game world. This mechanic is introduced early in the game, so the player knows
that they can engage in dialogue with various NPCs (Fig. 3). Figure 3 also shows an
example of the provided text, which is an old (1837) wording.

5 Findings

5.1 Game Engagement

As seen in Fig. 4, there was a slight increase (mean 3.36 to 3.52) in engagement from
“Mid-Game 01” (after the first level) to “Mid-Game 02” (after the second level) based
on responses to the statement “I would like to continue playing this game.” The engage-
ment was high in general (based on 5-point Likert items, from completely disagree to
completely agree). There was also a slight increase (mean 3.96 to 4.08) in interest in
the story based on the statement, “I would like to know what is going to happen next
in the story.” A rather high number of participants reported wanting to read the rest of
the story (mean: 3.96). The findings indicate some narrative engagement in this serious
game, indicating perceived suspense and relationships between exposure and acceptance
of story-related beliefs [28].
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Fig. 3. Example of the text (in Danish) from the fairy tale. Grandmother: Now that you are 15
years old, you need to be tested. Go through 7 rings, collect 3 oysters, and then return here.

Fig. 4. Engagement levels in various stages of the game; means and standard error. Rating scale
0–5, n = 25.

Even though the number of distracted participants is not very high (mean: 2.84), these
data need further investigation. Ten participants answered “neutral” to the statement “I
was easily distracted while following the story.” Nine participants were not distracted,
answering either “completely disagree” or “disagree,” while seven participants were
distracted. The interviews, based on the question of distractions and boredom, revealed
that the game had many positive elements but also some minor issues to be improved
upon. Especially, several participants suggested minimizing overly monotonous game
elements to maintain flow; they also suggested customizing the text speed, which could
be implemented via dynamic difficulty adjustment.
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5.2 Story Engagement

The participants read the story throughout the game, as revealed both in time spent on
the game (an average of 18min and 23 s) and the very high percentage of correct answers
to the multiple-choice knowledge test (Table 1).

Table 1. Questions, correct and incorrect answers. Based on 5 multiple choice answers, n = 25

Question. The correct answer in the parentheses. Based
on 5 multiple-choice answers

Correct answers Incorrect answers

How old was the little mermaid when she was allowed
to swim to the surface? (15)

100% 0

What was the first thing the little mermaid saw after
coming to the surface?
(a ship)

96% 4%

What did the little mermaid have to sacrifice to get her
legs? (her tongue)

96% 4%

How did the witch describe the feeling of wailing with
the little mermaid? (as if she were stepping on a knife)

80% 20%

How did the prince see the little mermaid? (as a
foundling/little child)

80% 20%

Why did the little mermaid not get the prince? (he was
promised to someone else)

92% 8%

The multiple-choice questions were designed to be increasingly difficult to test
whether the participants actually read the story or skimmed parts of it. Only one ques-
tion had 100% correct answers, but all questions had a vast majority of correct answers,
meaning that the participants most likely read the story thoroughly enough to answer. It
is also very interesting that in the interviews, seven participants mentioned that the story
was interesting due the differences from the Disney version.

I’ve always thought it was a cool story, or a nice story, but I know most about
Disney’s version of it. But I still want to learn the original story because it tells
more. It is just as interesting, if not more interesting. (ID4, female, aged 20 years,
nursing school studies).

6 Conclusion

This study was carried out during COVID-19 and the subsequent lockdown, meaning
it was difficult to establish a gender-balanced high number of participants and a con-
trolled environment for evaluation—the participants might have experienced various
disturbances. In spite of this, our study reveals that it is possible to engage young Danish
adults in leisure reading by introducing the text within a serious game. We conclude that
the participants read and enjoyed the story via the serious game. There was high intrinsic
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motivation to read H. C. Andersen’s version compared to what most participants were
familiar with; namely, theDisney version. It can also be concluded that game progression
is very important, and elements to guide the readers to their next action are a prerequisite
for success. When developing a serious game focusing on reading engagement, it is very
important to focus on narrative engagement [16]. Narrative engagement is related to the
story experienced while playing a game and may result in imaginative immersion, nar-
rative involvement, or narrative immersion. The desire to know how the story about the
little mermaid unfolds created curiosity, suspense, and excitement, making the players
want to continue playing.

As many other scholars have realized when designing serious games, it is a special
challenge to find the right balance between skills and challenges, keeping the players in
the flow channel [18]. Some of the participants in this studywould have liked the game to
be a bitmore challenging, lessmonotonous/tedious, andwith better links/clues/semiotics
to story-specific elements (e.g., making game a bit darker), as well as customizable
reading speed to provide dynamic difficulty adjustment.
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Abstract. Acquired brain injuries (ABI) affect over 40 million people each year.
Improving social functioning by training the skills needed for success in social
interactions is an important, although often underrepresented part, of rehabilita-
tion after ABI. Those who lack social functioning abilities are at risk of becoming
socially isolated and typically have high levels of depression and anxiety. Ther-
apy for social functioning after an ABI is limited, with opportunities for practise
decreasing as individuals return home from in-patient care facilities. Additionally,
training for social functioning is proportionally less focused on than cognitive or
physical functioning.

Interactive technology could offer unchartered opportunities for administering
parts of this training in an efficient way. Several successful research studies have
evaluated rehabilitation of ABI using games and interactive systems. However,
these studies are generally focused on the rehabilitation of cognitive and physical
functioning rather than the skills needed for social functioning.

This paper presents the research carried out to design and preliminary validate
a gameful application known as SocialMe. The findings of this research contribute
to the area of rehabilitation of social functioning following ABI and the use of
gameful intervention technology. The empirically researched design requirements,
including interviews and collaboration with domain experts, presented in this
paper could be a starting point for interventions for individuals with ABI as well
as individuals with a need to learn or improve skills for full social functioning.

Future research will need to be carried out to develop the concept further
and evaluate its clinical significance in a randomised controlled trial to see if the
use of SocialMe can lead to improvements in the social skills needed for social
functioning, and to support the social reintegration of individuals with ABI.

Keywords: Social skills · Social functioning · Acquired brain injury · Stroke ·
Traumatic brain injury · Rehabilitation · Technology · Interactive tool · Gameful
application

1 Introduction

Acquired brain injuries (ABI) are debilitating conditions which leave many individuals
with ongoing difficulties in undertaking activities of daily living (ADL’s). They usually
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result in physical and cognitive difficulties, and can often cause difficulties with social
functioning [1].

Social functioning is defined as the ability of a person to interact successfully with
other people in various environments such as at work, during social activities and in
relationships with partners, family and friends [2]. Social skills are defined as the skills
involved in being able to have successful social interactions, achieve one’s goals, collab-
orate with others and control emotions [3]. Deficits to these skills are a common result of
ABI and can have severe negative outcomes for individuals. Deficits to the skills needed
for social functioning commonly lead to loss of relationships and friendships, as suc-
cessful communication is integral in the maintaining of relationships and participation
in social activities [4]. The deterioration of interpersonal connections also creates an
increased risk of depression in individuals with ABI [5].

Physical and cognitive therapy in the context of ABI rehabilitation are both
researched and addressed. There are several examples of literature describing
technology-based interventions that aim to improve cognitive abilities after ABI such
as memory, attention and orientation [6–8], and physical abilities after ABI such as
balance, mobility and motor skills [9–11]. Many of these therapy interventions assist
in improving one’s social functioning implicitly, however only a few studies explicitly
address the issue of impairment to social functioning after an ABI. This gap in the
research is the primary focus of this research: designing an interactive tool that aims to
improve/rehabilitate social functioning in individuals with ABI.

A range of technologies that could be used for interventions are available. They
range from tablet-based interventions, to those that make use of video conferencing, to
VR-based and videogame-based interventions. In general, studies presented in the liter-
ature report positive outcomes for participants. For example tablet-based interventions,
showed significant improvements in linguistic, functional and quality of life measures
and generally high usage and retention rates. However, some studies also report low
retention rates, dislike of app content and difficulty of use. Tablet-based intervention
studies commented on the increase of accessibility tablets provide and the opportu-
nity that they create for independent, home-based therapy practice - and the ability for
therapists to monitor this remotely.

Videogame-based interventions andmulti-touch device-based interventions can pro-
vide highly interactive opportunities for rehabilitating these skills. Reported outcomes
of videogame- based interventions included improved communication skills and high
acceptance rates. Interventions that made use of multi-touch technologies enabled par-
ticipants to acquire new communication and language skills and helped them to cope
with difficult social situations.

A limitation that was identified is that many of the studies presented in the literature
were either pilot or preliminary studies and some did not base the design of the appli-
cation on an empirical and user centred approach. This could explain the low retention
rates reported in some studies as well as suggest that more research to establish design
recommendation is required. The research presented in this paper aims to combine user-
centred design with a therapeutic intervention, to design a gameful application that is
both effective as well as engaging.
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2 Methods/Framework

2.1 Design and Research Frameworks

Design methodologies were identified and used to research and develop the design of
an interactive tool. These included goal-directed design which includes a process of
research, design and evaluation of an intervention [12], user-centred design which has
a procedure of identifying and understanding a context of use, specifying user require-
ments, iterative development of an intervention and evaluation against the user require-
ments [13] and participatory action research which involves a reflective cycle of explo-
ration of needs, design, implementation in the ‘real world’, monitoring and analysis, and
evaluation [14].

2.2 Semi-structured Interviews

Semi-structured interviews were conducted with domain experts to gather data to inform
the design of the interactive tool. Domain experts were health professionals involved in
forms of ABI rehabilitation related to social functioning. 8 participants were interviewed
in total, including speech and language therapists (n = 5), occupational therapists (n =
1) and neuropsychologists (n = 2). Interview questions were based on three categories:
current practices foeABI rehabilitation specific to social functioning, patient experiences
and use of technology-based interventions. Results of the interviews were categorised
into nine main themes that emerged: the importance of social functioning rehabilitation,
current practises in rehabilitating social functioning, funding of rehabilitation (in New
Zealand), social success, common motivations of clients, common obstacles faced by
clients, targeted skills for social functioning, usability challenges faced by clients, and
health professional training for an intervention.

2.3 Structured Brainstorming

The relevant studies identified in the literature as well as data gathered from background
research and the primary data from the semi-structured interviews, were referred to
during structured brainstorming sessions. In total, three structured brain storming ses-
sions were conducted with secondary researchers, and several structured brain storming
sessions were conducted where the primary researcher brainstormed independently.

The basic procedure followed in structured brain storming sessions involved the
following steps:

1. Defining the aim/goal of the brainstorming session.
2. Giving some background information (if a secondary researcher was involved).
3. Re-iterating the problem space (from the aim/goal).
4. Individually creating ideas.
5. After some time individually brainstorming, sharing ideas.
6. Evaluating ideas.
7. Repeat from step 4 until a range of ideas are produced.
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Structured brainstorming resulted in the development of personas based on Coopers
Personas [12], problem spaces and design requirements including design constraints and
essential features. Figure 1 shows Peter, one of our patient personas. Peter was used as
the primary persona in brainstorming and concept development.

Fig. 1. Primary Persona

Specific problem spaces were chosen based on the most common social functioning
deficits seen in individuals with ABI – identified in the semi structured interviews with
health professionals. An example of a chosen problem space is turn taking, when individ-
uals with ABI are either, overbearing in a conversation and do not let the conversational
partner contribute, or they are unassertive in conversation and do not contribute enough.

The design constraints for the interactive tool design were:

• Slow information processing and/or retention.
• Visual deficits.
• Poor precision/dexterity due to motor skill impairments.
• Fatigue.
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The essential features to be included in the interactive tool design were:

• A simple, straightforward user interface and short game play. For ease of use if infor-
mation processing is difficult, and to make sure the interaction is not too long for users
who suffer fatigue.

• Help assists throughout the game play and clear instructions that are accessible when-
ever needed. For ease of use if information processing and/or retention is difficult.
Users may need to review current objectives to make progress.

• ‘Undo’ options throughout the game play. For users who may need to undo decisions
or mistakes made due to poor precision.

• Havingno timepressurewithin thegameplay. For ease of use if informationprocessing
and/or retention is difficult.

• Clear text and contrasting background/foreground colours. To ensure readability for
those with visual deficits. Auditory playback options for those who are not able to
read text.

• Multiple options for text input when needed. For users with poor motor precision who
may find it difficult typing.

3 Concept

3.1 SocialMe

The interactive tool design SocialMe, is an application designed for mobile devices with
touchscreen interaction and camera access such as smartphones or tablets. A design
prototype was created using Adobe XD, a user experience design tool for web or mobile
apps. The SocialMe app was developed to make use of elements from applied gaming
including goals, and feedback with the aim of increasing engagement for its users.
The app has been gamified and the interaction has been adapted to the needs of its
targeted users, individuals with ABI. The user interface (UI) of SocialMe was designed
considering the design requirements and the targeted user group, individuals with ABI.

SocialMe prompts self-reflection of social skills used for interactions, in the aim of
improving self-awareness of deficits that effect these social skills and creating an oppor-
tunity to improve them. The app is presented in the context of a self-reflective journal,
which includes social simulation through a personalised avatar. To ensure maximum
accessibility, the journal aspect of the SocialMe interactive tool is designed for users
to have either a physical book-based journal or a digital app-based journal. This is to
account for some targeted users not having access to devices, or targeted users preferring
the use of a physical notebook and pen throughout the day.

Features of the app include: a goal-setting page, where a user can set goals based
on their social functioning, and a journal entry process (see Fig. 2), which should be
completed several times throughout a day, where users answer simple questions based
on social interactions that they have had, their goals and their challenges (Fig. 3). The
app also includes a daily ‘walkthrough’ (see Fig. 4), where at the end of each day the user
can view the compiled data from that day via a virtual ‘walkthrough’ with their avatar.
This ‘walkthrough’ provides follow up questions for further reflection, and is designed
to give the user the effect of having a conversation with their avatar.
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Fig. 2. Flowchart of the SocialMe Journal Entry Process

Fig. 3. Paper based journal entry
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The avatar provides positive interaction and feedback, and may motivate the user to
continuewith their social practise. Customisation of an avatar is important to give a sense
of personalisationwithin the interactive tool, increasing themotivation of an individual to
use it [15]. Ondrejka [15] reports that customisationmaymake gamesmore ‘meaningful’
to users and lead them to ‘take ownership’ over them. Birk, Atkins, Bowey, andMandryk
[16] also show that customisation of an avatar stimulates identification with that avatar
and that this identification can lead to higher levels of immersion andmore invested effort.
The avatar is interacted with throughout the entire app experience providing feedback
and encouragement through social simulations.

Users are able to view past data either daily or monthly via a graph (see Fig. 4). These
data can also be shared with a health professional and integrated into their rehabilitation
process, keeping in mind the importance of this relationship between patient and health
professional.

Fig. 4. Daily “Walkthrough” and “Monthly Overview” (rightmost image)

4 Validation of the Concept

4.1 Preliminary Validation

Validation of the design of SocialMe, included interviews with health professionals
involved in ABI rehabilitation and former patients of ABI. We recruited two former
patients of ABI and two health professionals involved in ABI rehabilitation for these
preliminary validation interviews. These participants were asked for general feedback on
the SocialMe intervention, and to complete perceived ease-of-use (PEU) and perceived
usefulness (PU) questionnaires [17, 18].

The results of the general feedback, and PEU and PU questionnaires were analysed
by the primary researcher and data were extrapolated for the purpose of validating
the design concept. The results of the preliminary validation interviews were positive.
Health professionals that were interviewed expressed their interest in using SocialMe
clinically if it were to be developed further and made into a fully working application.
The results of the PU and PEU questionnaires revealed highly positive responses to the
SocialMe design prototype. Both the perceived usefulness (Med = 6.0, IQR = 1.0) and
the perceived ease of use (Med = 6.0, IQR = 1.0) had medians that were well above
the neutral midpoint of 4.0. This suggests that the participants found that the SocialMe
intervention has the potential to be both useful and easy to use for individuals with ABI.
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5 Conclusion

This researchproject found that the rehabilitationof social functioning in individualswith
ABI is generally identified as a highly important area of rehabilitation, but that research
of the use of technology-based interventions, which offer unchartered opportunities, for
the rehabilitation of social functioning following ABI is limited. Scientific literature
presents a few technology-based interventions that aim to rehabilitate social functioning
in individuals with ABI, however more research is needed to form strong conclusions
that will aid in the development of future technology-based interventions for this type
of rehabilitation.

The research presented in this paper contributes to the area of social functioning
rehabilitation following ABI and the use of technology-based interventions. We intro-
duce a concept for an interactive tool SocialMe, as well as a design prototype that was
created. SocialMe is an app designed for use on personal device platforms, the app is
presented in the context of a self- reflective journal, which includes social simulation
through a personalised avatar. The app aims to prompt self-reflection through a process
of setting goals, making journal entries and then reflecting on the data collected over
time. To the best of our knowledge no intervention similar to SocialMe has previously
been designed and researched for use of individuals with stroke or TBI.

SocialMe was developed through a process of background research, primary
research, structured brainstorming, prototype creation and validation. The design of
SocialMe was based on empirically researched design requirements which are presented
in this thesis and could be used as a starting point for other technology-based interven-
tions that may be designed for individuals with ABI in the future. The design concept
SocialMe may also have the potential to be used by people other than individuals with
ABI for the purpose of supporting skills needed for full social functioning.

Through the preliminary validation of this interactive tool concept, we found
that SocialMe has considerable potential for helping to improve social functioning in
individuals with ABI.
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Abstract. Programmable toys present interesting tools for the creation and facil-
itation of learning experiences through gaming and robotics. In order though for
educators and game designers to use these tools to their full potential and provide
pedagogical opportunities to support problem-solving activities, we should iden-
tify and characterise artifactual affordances in playful robotics. In problem-solving
activities, supported by educational robotics artifacts, learners need to identify the
artifactual affordances through their interaction with the artifact. This study aims
to identify artifactual affordances through the analysis of 15 participants’ engage-
ment in the CreaCube task. In this playful problem-solving activity, based on the
use of modular robotics, players need to manipulate and assemble robotic cubes
in order to create independently moving vehicles. This study aims at providing
an initial analysis for the study of artifactual affordances in playful educational
robotics.

Keywords: Game based learning · Educational robotics · Affordances · Human
computer interaction

1 Introduction

The impact of gaming in educational contexts has been in the spotlight of the indus-
try and academia. Without doubt, research interest focuses on the impact of play and
games on learning outcomes and experiences [1] but also on approaches and methodolo-
gies around educational game design [2] and the design process [3]. The technological
resources for DGBL have been diversified recently with the emergence of IoT connected
devices, helping facilitate playful experiences that surpass the static screen of the last
century. Within these emergent devices and technologies, a growing corpus or research
is developed around Educational Robotics (ER) in playful learning contexts [4]. ER
supports GBL through their tangible attributes, their aesthetics and visual appearance
[5], their use in simulation contexts [6] and their intrinsically motivating aspect [7].

Educational games have been also examined as problem-solving activities [2]. In
order however for players to be able to understand and get acquainted with the contexts
around which they are asked to engage in problem-solving, they need to identify what
each element and component potentially can help them achieve [8]. Educational games
can be considered as artifactswhen they havematerial support and aremade intentionally
with a certain purpose [9]. The ability of objects (games as artifacts) to convey what they
afford to players is called affordance [10].When considering the artifactual affordances,
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we should consider the material properties which are perceived “as features that provide
opportunities for, or constraints on, actions” [12, p.162]. The interactional model of
Piaget [12] considers that children construct knowledge through actions taken in the
world, influenced not only by socio-cultural factors but also the artifactual features of
the subject’s environment, including tools, objects and artifacts (made with a certain
purpose).

The aim of this study is the identification and analysis of the artifactual affordances
in a playful problem-solving task supported by educational robotic artifacts. For this
objective, the study examines the participants’ interactions while playing CreaCube with
Cubelets modular robotics in order to characterize the artifactual affordances supporting
the problem-solving activity.

1.1 Problem-Solving in GBL and Playful ER

During the previous years, there has been an increasing attention over the field of Game
Based Learning (GBL). Different studies have examined GBL’s potential on facilitating
active learning [13] and supporting the development of computational thinking skills
[14]. This study takes root on the existing corpus on problem-solving in GBL [15] with
a specific focus on playful ER engaging the player-learner in problem-solving.

Problem-solving has been identified as an important aspect of GBL, since players
are frequently asked to solve problems in gaming contexts [16]. The connection between
game playing and problem-solving has also guided research towards the examination
of the connection between game making and mathematical problem posing [17]. GBL
analysis and creation have also been addressed through a variety of frameworks and
models, focusing on various aspects, such as the connection between learning and game
mechanics [18], the use of game design strategies [19], didactical situations [20] and
exploratory learning [21]. Problem-solving in playful ER tasks engages learners in a cre-
ative behaviour which requires them to explore and exploit the ER components through
an interactionist approach [22]. When using unfamiliar technologies such ER in playful
problem-solving tasks, player-learners are confrontedwithwhatNorman [23] designates
as the gulf of execution, the distance between the user’s goals (game objective in the ER
task) and the means of achieving them through the ER components available. The gulf
of execution should be crossed through the exploration of the robotic components avail-
able in order to solve the playful problem-situation (execution bridge) and evaluating
the effect of player-learners’ actions on the ER components (evaluation bridge). Within
the gulf of execution, affordances of the ER components are one of the key aspects that
learner-players need to explore and conceptualise to solve the problems they face.

1.2 Affordances: From HCI to GBL

The term affordance, even if frequently encountered in Human-Computer Interaction
and educational research bibliography, tends to be approached differently by different
researchers [24]. A term initially proposed by Gibson [25], affordances initially referred
to the characteristics of objects to be perceived both in terms of their form and spatial
arrangements but also through one’s (animals’ or humans’) interaction with them. This
definition approaches affordances as intrinsic characteristics of objects, whether they are
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perceived or not by animals or humans. A toy for instance may “afford” play, whether
a child understands it or not. The notion of affordances was also impacted by the work
of Norman [10], who applied in technology and design contexts. Instead of focusing on
the intrinsic attributes of objects, Norman focuses on these object aspects that can be
perceived by users. Even if Norman makes a distinction between perceived affordances
(meaning affordances of objects that are perceived by users) and real affordances (refer-
ring to intrinsic object affordances, which may not necessarily be noticed by users), he
pays greater emphasis on the perceivable elements of the field of design [26].

In learning contexts, affordances play an important role in helping both educators and
students understand and use the tools they have in their possession [24]. From an educa-
tor’s standpoint, there are several resources, not originally designed to be used in learning
contexts, the application of which could prove interesting for their needs [27]. Studies
identifying affordances for educators have been conducted for contexts like wearables
[24], handheld devices [28], theWeb 2.0 [29], and 3D virtual environments [30]. Regard-
ing affordances for students or players, there have been several studies, some of which
come from the “maker” movement on topics that include games, robots and biology edu-
cation [31, 32]. In addition to this, Kirschner and colleagues [33] point out a potential
distinction between technological affordances and social and educational ones. Accord-
ing to them, educational affordances refer to resource attributes that would indicate how
they could be used in a learning context. Social affordances on the other hand offer some
socio-cultural interaction, relevant to the learning context. In the context of game based
learning, Deterding [34] establishes a difference among situational affordances and the
artifact in its situation-specific meaning and use (artifactual affordances). For Deterding
situated motivational affordances are the opportunities of achieving a goal, which are
“provided by the relation between the features of an artifact and the abilities of a subject
in a given situation” [p. 3].

In playful ER tasks, the game elements of robots provide artifactual affordances,
which have a situated meaning in playful activities that players engage in. In ER, artifac-
tual affordances include the different perceived characteristics of robots that can be used
to achieve ER playful problem-solving tasks. In visuo-spatial constructive play objects,
Ness and Farenga [35] observe that the more perceivable the affordances of a construc-
tive play object are, the less they contribute to creative processes. Solving creatively a
constructive play activity is then better supported by affordances which requires to be
discovered through the task.

In their research on artifactual affordances in maker education contexts, Peppler and
colleagues [36] identified the following types of affordances: (a) Tinkerability, describ-
ing object attributes that allow learners to play, experiment iteratively and continuously
reassess their goals exploring new opportunities, (b) Perceptibility, describing ways that
objects can provide learners with feedback on their actions, (c) Expressivity, describing
objects’ ability to be used and adapted to the individual needs for expression or commu-
nication of learners, creating an intrinsically motivating aspect, (d) Usability, describing
how easily objects can be used to fulfil the tasks that users want to. Despite the fact
that Peppler and colleagues focus on affordances in maker education contexts, the trans-
fer of their model into ER is also relevant to the develop, examination and analysis of
artifactual affordances in playful ER tasks. Maker education and ER are both based on
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tangible technological artifacts, which allows for the consideration of the categorisation
of affordances proposed by Peppler and colleagues [36].

2 Methodology

The aim of this study is the identification and analysis of artifactual affordances in the
scope of a playful problem-solving task. For this objective, the study a set of playful
problem-solving sessions were conducted in which the CreaCube playful robotic task
[37] was proposed to the participants. Each session featured one individual participant
andone facilitator. The role of the facilitatorwas to arrange thedifferent tangible elements
on the desk when necessary, while the instructions were provided by an audio message
to all participants (“build a vehicle made of four pieces moving autonomously from the
red point to the black point”). Players were asked to build a self-moving construction that
would be able to arrive from a point A (red point on the table) to a point B (black point on
the table), using four different modular robotic cubes. Participants were provided with
no further clarifications or instructions, apart for the ones delivered through the audio
recorded instructions. The gulf of execution [23] or problem distance is perceived as
important by the participants: from one side, students are asked to create a self-moving
vehicle, while on the other side of the gulf, they have four cubes on a table the potential
affordances of which they do not know yet. The playful challenge in the CreaCube task
requires participant to explore the different cubes and find the relevant affordances to
achieve the goal to create a self-moving vehicle.

2.1 Participants

For the scope of this study, the recordings of 15 participants were analysed. Partici-
pants were from 25–50 years old. All participants heard the same recorded instructions
message and were presented with the same set of four different robotic modular cubes.
All participants provided their informed consent for their participation in the task. The
sessions were audio and video recorded.

2.2 CreaCube, a Playful Activity with Modular Robotics

The CreaCube activity aims to engage players in a playful problem-solving challenge
[38]. The task presents the player-learner with a set of four robotic modular cubes. The
materials and their capabilities are unknown to the player-learner. As a result, players
need to engage in the exploration of the artifactual affordances. These affordances are
related to the features of each robotic cube, the identification and understanding of which
features on each of the cube is required to solve the playful challenge. The white cube
has a set of wheels and presents drive affordance, the black cube offers a distance sensor
affordance, the blue cube presents an energy activated by a switch button and the red
cube an inverter signal affordance (Fig. 1).

Since affordances are not initially known to player-learners, they are required to
engage in the playful activity of exploration (trial and error interactions) as a key
behaviour in perceiving the affordances [39]. This exploratory behaviour allows the
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Fig. 1. Four robotic cubes proposed to solve the CreaCube task. (Color figure online)

emergence of relevant knowledge on the cube materials (the artifactual affordances),
which will potentially lead to using and combining materials in ways that allow task
accomplishment (Fig. 2).

Fig. 2. Exploration of the white cube and its affordances.

Learner-players should interact with all robotic cubes to discover the artifactual
affordances they offer, and then assemble the four cubes into a figure which will allow
them to succeed in the playful challenge. Figure 3, presents combination leading to task
success always (in green), sometimes (orange) and rarely (black).

The CreaCube playful challenge is solved when the player-user succeeds in assem-
bling the four cubes by taking into account the artifactual affordances of each one of
them: the activation of the switch button on the blue cube which provides energy to
the system, the wheel position on the floor, the red cube placement before the distance
sensor in order to invert the signal and provide movement to the vehicle. The game is
complete when the gulf of execution [23] can be crossed by the reduction of the distance
between the user’s goals and the means of achieving them through the system. When
using technologies that players are unfamiliar with to achieve certain tasks, participants
need directly or indirectly bridge the gap between their objectives and their perception
of the affordances of the resources in their disposal.

2.3 Data Collection and Analysis

All participants of the study participated in a game-based learning session, where they
engaged in the CreaCube task and its feedback. Participants were asked to manipulate
and assemble the cubes, in order to create a self-moving vehicle going from an initial
point to a final point.
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Fig. 3. In green, cubes assembled into a figure allowing to solve the CreaCube task. (Color figure
online)

The recordings of the sessions were later analyzed to identify what types of affor-
dances were perceived by participants during the sessions. In this study, the actions,
behavior and speech were analyzed in order to identify affordance types during the ses-
sions. A qualitative research methodology was applied, where the analysis took place in
an iterative manner in two passes, including an open coding phase, where preliminary
thematic categories were proposed and an axial coding phase [40], where the recordings
and existing categories were re-examined in terms of categorization and connection. The
initial analysis occurred by one coder, while the different produced labels were reviewed
by another coder for triangulation purposes at the end of each phase.

Through the continuous revision of data after each recording analysis, every new
observation would reinforce or remove existing categories.

3 Results – Affordances in Playful Robotics

The session analysis has led to the proposal of the following types of affordances in the
scope of the CreaCube playful robotics sessions: tinkerability, usability (consisting of
perceptibility, operability, understandability), aesthetics, playability and feedback.

3.1 Tinkerability

All participants engaged in an exploratory behavior (trial and error) to solve the presented
problem with the resources they possessed. During each session, they tried different
configurations using the different types of cubes in their disposal, aiming to create a self-
driving vehicle. Even if they didn’t necessarily understand the logic behind the different
combinations they performed, when noticing that specific combinations actually lead to
moving structures, they tried to see how they could achieve the intended state of arriving
from point A to point B. The affordance of being able to tinker, hence experimenting
through a divergent way of problem solving, is defined as tinkering. When dealing
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with unknown materials, tinkering is a required exploratory divergent thinking behavior
permitting the discovery of artifactual affordances.

3.2 Usability

Usability refers to the intuitiveness and ease of use of different objects. In the scope of
this study, usability is studied through three sub-categories, which are:

3.2.1 Perceptibility

Perceptibility describes how easily the individual characteristics and elements of cubes
are perceived by players. Perceptibility describes for instance users’ noticing switches,
colors, sensors, wheels and so on. The fact that attributes are perceived however didn’t
necessarily mean that they are understood by the participants. The analysis of the videos
shows that the participants have a better perceptibility of the wheels (white cube), which
are the fastest to be detected (M = 42.52 s, SD = 17.17), followed by the on/off switch
blue cube (M = 56.78, SD = 34.15).

3.2.2 Operability

Operability refers to objects’ ability to be operable in the context which they need to be
used and by the players that use them. For instance, glossy surfaces and smaller desk
sizes did impact cubes’ ability to operate under the context of this activity. Operability
acquires a special importance in case players have some type of permanent or temporary
disability for instance. Additionally, while the sessions took place on a flat desk surface,
the possibility of running the same experiment under other situations might potentially
impact the operability of CreaCube.

3.2.3 Understandability

Even if the majority of participants noticed the different switches and sensors on the
provided cubes, their use was not necessarily understood even if they managed to suc-
cessfully solve the given problem. This suggests that even if object attributes may be
perceived, they may not necessarily be understood. This is the case for the distance
sensor and the inverter, which were identified as object attributes but were not correctly
understood. The distance sensor was identified later (M= 65.68, SD= 45.49). However,
the participants conceptualized the distance sensor as “two eyes” or “camera”, without
understanding the existence and functionality of the distance sensor feature when their
firstly noticed the “two eyes” or “camera”. The red cube has not been correctly con-
ceptualized by any of the participants, which used them to solve the task but without
understanding the inverting role it plays on the system.

3.3 Aesthetics

Different objects provide a different perception on how they can be used. CreaCube cubes
had different colors and object attributes, each of which gave a hint to players. Even if
the object attributes were noticed (“two eyes”), they were not necessarily understood by
players (distance sensor).
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3.4 Playability

The fact that an item can afford play is not always obvious to players if they engage in
the CreaCube task with a performance goal instead of a playful attitude. Even if it was
not explicitly asked, the analysis of recordings suggests that some players focused more
on the problem-solving aspect of CreaCube during these specific sessions rather than its
playful aspect.

3.5 Feedback

The use of the audio recording message as well as the lack of hints on behalf of the facil-
itator show that feedback, in any way given, plays a key role in playful problem-solving
processes involving tangible robotic components. Debriefing after the play activity is of
key importance for ensuring the consolidation of the knowledge expected to be developed
during the task [41]. A debriefing activity is proposed after the CreaCube playful chal-
lenge in order to make sure that players understand the different artifactual affordances,
not only within the context of playful tasks, but also in other technological systems. A
discussion on exploratory activities (trial and error) and exploitation (developing and
testing a hypothesis) is also suggested to support the metacognitive awareness on the
different modes of reasoning in creative problem-solving.

4 Discussion

In this study we identified the affordances supporting educational robotics within a play-
ful problem-solving task. In the CreaCube task we observe that players are confronted
with a considerable gulf of execution, the distance between the user’s goals (game objec-
tive in the ER task) and the means of achieving them through the ER components avail-
able (four robotic cubes). We observed that some object attributes such the wheels and
the switch button have a better usability in terms of perceptibility and understandability.
On the other hand, distance sensors are not perceived as such at the first task problem-
solving stages, which result to players’ misconception of the “two eyes” component of
the cubes. Despite the misconceptions on the artifactual affordances, the exploration at
a component and system level (building the four cubes into a figure) allows players to
cross the gulf of execution [23] and succeed in the CreaCube playful challenge. Despite
that the gulf of execution is “crossed” and the playful problem-solving is completed,
there is still the need to organize and facilitate a debriefing session to ensure [41] the
correct conceptualisation and understanding of the knowledge acquired by players dur-
ing the task as well as helping them engage the metacognitive awareness of their modes
of reasoning during the problem-solving task (exploration vs exploitation) while help-
ing them demystify robotics and develop self-confidence in the use of technologies they
are un familiar with. The artifactual affordances in playful tangible artifacts should be
considered to help better understand game based learning processes from a cognitive
and ergonomic perspective.
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Abstract. Today, access to daily news is easier than ever. Online misinformation
is increasing and is making our societies face great challenges. Our goal aims at
providing a support for media education programs, which can help raise young
adults’ conscientiousness of the dangers related to fake news. Following on from
this idea, we designed a board game, called UNISON in partnership with an
academic library. The board game has been tested in real conditions. First results
show that the majority of participants learnt new knowledge about fake news and
media.

Keywords: Serious game · Fake news · Board game · Digital media education ·
Misinformation

1 Context

Over the last decade, the number of sources of information has exploded and we have
information overload. As it has become easier and easier to spread fake news through
the internet and social media, it is necessary to decipher real news from fake news. Fake
news is, according to the Cambridge English Dictionary, “false stories that appear to be
news, spread on the internet or using other media, usually created to influence political
views or as a joke” [1]. Over 79% of American adults are on Facebook [1] and 62% got
news on social media in 2016, while in 2012, only 49% reported seeing news on social
media [2]. 71% of young French adults (15–34 years old) consult the daily news via the
social networks. For this generation, social networks are the first media to access to the
news (83% use Facebook, 35% Twitter, 32% Youtube). However, social media create
the basis for developing fake news and misinformation [3]. Bots on social media are
dedicated to spread political fake news especially during political campaigns [4, 5].

Recent events have shown how fake news can impact our daily lives. They can have a
serious impact on evidence-baseddecisionmaking such as consumer purchasing, societal
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issues, behaviors about climate change or vaccinations [6–8]. Facing this challenge,
authorities recommend a board spectrum of solutions. One of them concerns Education
and proposes to include digital media literacy in the school curricula [9].

Serious games can be used as a support formedia education programs,which can help
to raise young people’s conscientiousness of the dangers related to fake news. Following
on from this idea, we designed a board game to help young adults to defend themselves
against these phenomena and inform them of the threat from declining quality news.

This board game called UNISON (United Nations’ Intervention Squad on Online
Networks) aims at helping people develop more resistance against fake news.

Staff from a FrenchAcademic Library helped us to design the content, which focuses
on Digital Citizenship and Media Education. In order to distribute the game to a wide
audience, all the game components have been designed to be printable from whatever
location.

In this paper, we present the board game in Sect. 3. Sections 5 and 6 present the
experiment carried out in two academic libraries and the analysis of students’ perceptions
about knowledge and skills related to misinformation and fake news.

2 Related Work

2.1 Existing Serious Games About Fake News

Some studies focus on misinformation and fake news. This is the case of Roozenbeek
et al. [7] who developed an interactive choice-based adventure game. They aims at con-
ferring cognitive resistance against fake news strategies. The game called “Bad News”
proposes to take the role of a fake news creator. The mission consists of attracting as
many followers as possible while also maximizing your credibility

The more your article is credible the more followers you get. You get an explanation
of the consequences of your articles and the different kinds of subjects in the fake news
genre. They provide evidence that people’s ability to spot and resist misinformation
improves after gameplay, irrespective of education, age, political ideology, and cognitive
style. In the field of entertainment, Fake News (©Breaking Games) is a board game
based on the famous card game “Cards Against Humanity” [8]. In this game, players
must complete gaps in a sentence by choosing the correct word or phrase. The goal aims
at creating the most appropriate headline. Three categories of headlines allow the player
to classify headlines, one of them is “fake news”. The goal in this game is really how
to create clickbait head titles and to understand why it affects people’s choices. Another
example concerns a generator of fake news, you can break your own news by choosing
your own headline, picture and ticker [9]. A French National Report [10] mentions that
Education on media and information has a positive impact on young adults from 15 to
34 years old. Sixty-five percent of young adults who followed the courses on Media and
Information check the news.

2.2 A Conflict to Provoke a Debate

Situational awareness is the perception of elements in the environment within a volume
of time and space, the comprehension of their meaning, and the projection of their status
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into the near future. Kaber et Endsley [11] consider the situation awareness as “the
sum of operator perception and comprehension of process information and the ability
to make projections of system states on this basis”. Communication and debate help
individuals to build their own representation of the world and make their own decisions.
In our case, the first point is to create a context that is likely to launch a debate. It
consists of providing the team with a conflictual problem to solve. The implicit rules of
a group decision-making is composed of different elements: (1) identifying a topic, (2)
identifying who is responsible for the decision, (3) identifying who has the best expertise
for the discussion topic, (4) identifying and ranking the different alternatives and their
consequences. Some research develops digital applications for learning purposes which
support debate [10–12]. This is the case of Tong et al. [10] who developed a digital
learning environment which supports the decision-making process. They use both a
tactile tabletop and tablets. The tabletop presents the context and the possible alternatives
whereas the tablets supports the data browsing. They follow the analytical process of
the decision-making activity, which involves four broad categories of decision-making
behaviors: exploring, discussing, awareness and regulation. Their system helps students
to develop their own ideas and make reasonable decisions providing justifications to
support them. In our study, we decide to structure the educational scenario on a set of
problems to solve in order to involve students in the group decision-making process. To
that end, we follow the model of two famous existing board games to involve a team of
players in a collaborative task and use the game to launch a debate.

3 UNISON: A Board Game Against Fake News

UNISON (United Nations’ Intervention Squad on Online Networks) is a serious and
cooperative board game where a team of players (between 3 and 6 players) is expected
to fulfill a mission that aims at solving a mystery in a near future. UNISON has been
inspired by two board games: The Dungeon of Naheulbeuk [13] & Times‘Up! [14].

3.1 Materials

The board game is composed of (see Fig. 1):

– a set of playing cards, which represent typical characters (Agent) such as ‘Granny
Germaine” a grandmother, “H4ck3rm4n” an IT enthusiast, a reporter, an authority
agent…

Fig. 1. UNISON is a board game composed of playing cards, handbooks and a set of mini board
games.
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– a set of handbooks, which depict the storytelling (Situation) and summarizes all the
right answers

– a set of playing cards attached to mini board games such as a mime game, a quiz, or
a game to guess a word connected to the topic of “fake news” (Tests)

– a set of handbooks which depict different media in which players must detect “Fake
News” (Investigations)

– tokens that represent the badges earned by the team
– a timer

3.2 Roles

Each teammate chooses an Agent and takes into account their abilities, strengths and
weaknesses. At each step, one of the teammates has a particular role: the leader role.
The leader exposes the script (detailed on the handbook) to the other players. He is the
one who is responsible for the timer. A gaming session must be completed in a limited
time.

3.3 Script: Fun and Humour

The design process supports three goals: learning vocabulary related to Fake News,
debating and exploring a method to detect “fake news”. Actually, all scripts proposed in
UNISON are bizarre and fill out with jokes and caricatured references to the real world.
The characters are also parodies of celebrities or stereotypes. Their names and abilities
recall famous actors, politicians and many cultural references. For example, the team
must read an article explaining how a character wants to build a wall all around its great
and beloved country.

3.4 Handbook and Leader Role

Fig. 2. 1- Script: The
leader introduces the
storytelling by reading the
script to the teammates.

The handbook depicts the storytelling, which is represented
with a tree-like structure (see Fig. 2). Only the leader can
access the handbook. The handbook mentions each node of
the tree-structure and all the possible alternatives that can
be chosen by the team. All good answers to the quiz or mini
board games are available in the handbook. It is the main
support to lead a gaming session.

2- Tree-like structure of alternatives: The players must
choose between several options (3), each option leads to a
mini board game (a quiz or an investigation) (4). The leader
keeps the answer secret until the teamfinishes themini game
and then he reads the correct answer.

5- End of the script (success): If the team succeeds in
the mini game, the leader reads the feedback tagged as a
‘Success’ and the team obtains a badge.

6- End of the script (failure): If the team fails in the quiz,
the leader reads the feedback tagged as a “Failure”.
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Example of a script: The team is supposed to work in an international company. The
daily meeting begins when a threat emerges but someone, nameless, spills once again
their coffee on the screen of the meeting room table and on the loudspeakers. It prevents
the team from reading a big part of the report. What is your team going to do? Three
alternatives are available.

Alternative 1 Use the available pieces of information to look for clues in the archives.

Alternative 2 Cross-check the pieces of information still available on the report

Alternative 3 Activate the vocal report and try to understand what
is going on.

Each alternative leads to a new mini board game.

3.5 Mini Board Games

A mini board game is either a quiz on or an investigation into documents or resources
to detect fake news or real news.

Quiz: Culture is crucial to understand the world. The more informed you are, the
more able you are to detect fake news and the less vulnerable you are to be manipulated.
The board game is supposed to transmit knowledge through quizzes of overall culture.
The quizzes are composed of a set of close-ended and open-ended questions. There are
four different types of quiz, all inspired by the famous board games such as Taboo [16],
Cranium [17] and Time’s Up [14]:

• “Culture” quiz: the leader reads questions to the team
• “Thinking” quiz: the leader reads three possible definitions of a word while the other
players have to find out which is the right one.

• “Communication”Quiz: the leadermustmake the other teammates guess aword using
words that do not belong to the same word root as the word to be discovered [16].

• “Interpretation” Quiz: the leader must make the other players guess a word through
mimes [14].

The quiz aims at acknowledging definitions of words and concepts related to the
topic of fake news. As an illustration, during a mini game, a teammate must elaborate a
definition of a word and express it to the other teammates to make it understandable.

Investigation: An investigation consists of studying an article, a video or comparing
two pictures and pointing out the inconsistencies and arguing. The game must help
students to discover some tricks and initiate the French official methodology [18] to
detect fake news. To that end, UNISON proposes a set of situations in which some fake
news have been introduced along with a guideline that mentions a reliable strategy to
detect fake news. Each situation is used as a support to launch a debate between the
teammates.

When amini-game is over, the leader presents the right answers. If the team succeeds,
the leader delivers a token,which gives additional time to complete thefinal investigation.
The more tokens the team gets, the more time you spend to investigate the final step.
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3.6 Design Process

A template has been defined to elaborate a large variety of gaming scenarios. A scenario
refers to a mission. A mission is composed of a number of different storytelling scripts
(see Fig. 3). Each mission includes a set of scripted situations, which are depicted in the
handbooks. The number of scripted situations defines the level of difficulty related to a
mission. Players are supposed to have a broad knowledge base related to pop-culture,
films and political events to investigate and detect fake news.

Fig. 3. Structure of a Mission

A new handbook is available at the beginning of each step.
Themini-game scriptswere designedusing the 3main categories of FakeNewswhich

were depicted by Wardle [15]: misinformation, disinformation, mal-information. The 7
different types of Fake News were included in the design stage: satire or parody, false
connection, misleading content, false context, impostor context, manipulated content,
and fabricated context.

The successive steps included in a mission aim at making student developing basic
verification skills discovering the five pillars of information verification are provenance,
source, date, location, motivation. This is a support to introduce a methodology to verify
information and elaborate a checklist.

4 Objectives and Method

To determine whether the board game is adapted to the target audience, we conceived
two questionnaires. The first one must be completed before the gaming session. It aims
to identify the player’s profile, their level of experience in board games, their level of
knowledge of the subject matter..

The second one (post-test) questionnaire must be completed at the end of a gaming
session. It aims at studying the level of acceptability of the board game and the players’
experience concerning the skills and knowledge the participants sensed they acquired.

5 Experiment

The experiment was carried out in two Academic libraries located in the immediate
campus of a French University. They both involved volunteer students recruited by
the Academic library staff. The French academic library organizes board game nights
each month. These events are organized in partnership with a gaming organization to
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entertain students. On these board game nights, the game UNISON has been tested. The
participants were divided into 3 gaming groups. Each group played successively and
separately. Before starting a gaming session, a student read the rules.

Participants: 15 players participated in this experiment.

Genre: 53% were men and 47% women.

Age: A third were 18 years old, another third were between 19 and 20; and the last third
was composed of participants between 21 and 24.

Training Courses: The majority of participants were students in IT courses (60%).
The others were in Sciences (13%), Mechanical Field (13%), Literature (7%) and
Logistics(7%).

Board Game Experience: 7%never playedboardgames, 13%play rarely, 67%regularly
play and 13% often play.

Knowledge of Fake News: Participants were asked to self-assess their prior knowledge
of “fake news” on a scale between 1 (low level of knowledge) to 10 (high level of
knowledge). 66 percent of the participants rate their own knowledge on “Fake News” at
5 or lower out of 10, showing that they feel that they lack knowledge about fake news.

6 Data and Results

One hundred percent of students completed the pre and post questionnaire. The game
was tested by three groups. Each group played one gaming session. One group was
composed of three students. The other two groups were composed of six students. None
of the students quit the gaming session during the test. Each gaming session lasted on
average an hour. The game usually began calmly as the players read the rules. It became
much more animated when they had to choose a character to play with and when they
created their own Mission. All throughout a gaming session, there was a lot of talking
and a great ambiance.

Collaboration to Foster the Debate: The script encourages the teammates to investi-
gate, express their point of view, exchange in order to make a collaborative decision.
The experiment shows that the students were extremely involved in the gaming session.
They look for clues and argue their opinion to the other teammates.

Satisfaction and Acceptability: The results show a high level of overall satisfaction
(see Fig. 4). All ratings fall between 7 and 10 out of 10. The levels of satisfaction per
element allowed us to determine which gaming component needed to be improved,
corrected or even deleted. For example, we reworked some agents’ advantages and
disadvantages to balance them out and make them understandable and fun. At one point
we also entirely revamped the “thinking” tests as their rules were not clear enough. The
average ratings are all high, ranging from 7 to 8.5 out of 10.
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Fig. 4. On the right: users’ satisfaction according to gaming elements (1-low level; 10-high level)
(right) – On the left: overall satisfaction (0-low level; 6-high level)

The high level of scores concerning the satisfaction on the storytelling, universe,
playing time shows a good acceptability.

We’ve been able to crosscheck those results with some open questions in the post-test
questionnaire related to the strong and weak points of the game. We have noticed that
the most mentioned weak points are the clarity of the rules (33%) and the shortness of
the timers (20%). On the bright side, the players have cited the instructional aspect of
the game (33%) and the fun it brings (20%) as the strong points of UNISON.

New Skills and Knowledge about Fake News: The analysis of the questionnaire
shows that UNISON fits the theme of “Fake News”. Eighty-six per cent of partici-
pants sensed they acquired new knowledge relative to “Fake News” that could help them
to fight against misinformation. 7% answered that they felt not to be concerned. 7%
judged that they did not feel to learn new skills. In conclusion, even if the number of
participants was limited, first results show that the majority of participants learnt new
knowledge about fake news and media. 86% consider that UNISON brought them new
skills and knowledge. These results may anticipate that people were really made aware
of fake news. Therefore, they probably are able to spot and fight against misinformation
after gameplay. Some other research is in line with this. The French National Report on
Young Adults and Information [19] and the study of Roozenbeek et al. [20] showed that
people who have been educated about Information and Media, or misinformation and
fake news, have improved their ablility to spot and resist misinformation.

7 Conclusion

Our goal aims at providing a support for media education programs, which can help
raise young people’s conscientiousness of the danger related to fake news. Therefore,
we designed a board game in partnership with the academic library staff. This board
game has been tested in real conditions with students. Participants who tested UNISON
were involved during two board game nights in the academic library at the University.
Our study shows that the board game UNISON is user-friendly, fun and amazing to play.
The high level of scores concerning the satisfaction on the storytelling, universe, playing
time demonstrates a good acceptability. Even though the number of players was limited,
first results reveal that the bulk of participants learnt new knowledge about fake news
and media. Therefore, as people who have been educated on Information and Media, or
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misinformation and fake news, improve their ability to spot and resist misinformation,
we plan to examine in more detail this improvement in future work with a larger sample
of participants.

Acknowledgement. The authors would like to thank Carole Rahoux, Aricia Bassinet, Camille
Bertin, Rémy Ginestet, Gaëlle Jan and Florence Lunardi for their contributions.
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Abstract. In recent years there has been an increasing shift from tra-
ditional work to knowledge work. Students are not always well prepared
for such a work mode and struggle with time and energy management,
leading to stress and long unhealthy study sessions. There are many
applications aimed at developing productivity habits. A few of them are
somewhat gamified, although they are especially focused on real-world
to-do lists, lacking a strong narrative and appeal, especially to students.
We present the serious game BusyBusy, specifically designed for college
students. The game revolves around the capture and reflection steps of
David Allen’s Getting Things Done methodology. By simulating aspects
of student life, BusyBusy facilitates students to practice capturing action-
related thoughts in their real life and reflect upon study activity choices
in an entertaining and engaging environment.

Keywords: Serious games · Getting Things Done · Habit building ·
Personal productivity · Mobile games

1 Introduction

The rapid growth of globalization and the evolution of technology has created
an overwhelming amount of information that people have to adapt to. One part
of society that struggles to adapt are academic students, who face the chal-
lenge of balancing their academic goals and other activities in their life. The
current education system falls short in preparing students for knowledge work
[16]. Hence, an increase in anxiety and procrastination among students is being
noticed [7,13]. Traditionally, procrastination is defined as the undesirable behav-
ior of irrationally delaying a course of intended action, with the understanding
that it may result in not ideal outcomes. Nonetheless, researchers found out that
50% of students procrastinate consistently at university [18]. Students who often
procrastinate generally encounter less stress at the beginning of a semester, more
stress later on, and generally suffer more often from anxiety than the ones who
do not [20].

A common reason for stress is the overload of information and possible activ-
ities. As the amount of time is finite, this overload means a number of potentially
c© Springer Nature Switzerland AG 2020
I. Marfisi-Schottman et al. (Eds.): GALA 2020, LNCS 12517, pp. 335–346, 2020.
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important items can no longer be processed. This creates a lack of control that
results in stress [9].

This paper presents BusyBusy, a serious game for students to acquire produc-
tivity habits that gamifies the capture step of the Getting Things Done (GTD)
methodology. The game is lighthearted simulation of student life in the style
of Dumb Ways to Die1. Its design focuses on learning how to clear up daily
thoughts, when struggling with stress and procrastination. We incorporate a
constructivist learning approach [6] to train students to balance different respon-
sibilities while keeping their minds clear. This is achieved by the player perform-
ing a series of activities in the form of mini-games, while dealing with thoughts
that pop up on the screen, resembling the distracting thoughts occurring to a
student.

2 Related Work

We revisit stress-reducing research, applications and games to improve produc-
tivity, in the form of task managers or GTD guides. While students use different
types of task managers and to-do lists, either gamified or not, these are not
focused on integrating the daily student routine.

Stress Reduction and Prevention. Several stress reducing methods focus
on reducing stress through physical exercise [12] and yoga or meditation [10].
To prevent stress from occurring, a currently popular methodology that helps
students is called Getting Things Done R© 2 (GTD) and was proposed by David
Allen in 2001 as ’the art of stress-free productivity’ [1]. Allen outlined a five-
step method for reducing stress while staying on top of an increasingly complex
world: “We (1) capture things that command our attention; (2) clarify what
they mean and what to do with them; and (3) organize the results, on which
we (4) reflect as options for what we choose to (5) engage with”. According to
research, GTD can mitigate feelings of stress, anxiety and information overload
that are often experienced during knowledge work by restoring a sense of control
[9]. It does so by outsourcing thoughts to an external memory [3]. Furthermore,
by providing focus and structure, GTD reduces switching of mental context,
which costs time and energy [4].

GTD-related Task Managers. Structuring activities according to the GTD
methodology can be done with a task manager. In the book Getting Things
Done [1], seven different lists, or destinations for stuff, are mentioned: Next
Actions, Waiting for, Calendar, Someday/Maybe, Trash, Archive and Projects
list. In addition, there should be an Inbox, that functions as a bucket to quickly
capture whatever needs later clarification. Many task managers give users the
option to define their own lists or come with predefined lists for GTD. Examples
1 http://www.dumbwaystodie.com/.
2 https://gettingthingsdone.com/.

http://www.dumbwaystodie.com/
https://gettingthingsdone.com/
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of this are nTask [15] and Nirvana HQ [14]. GTD-related task managers help a
user to structure their to-do list while still relying on the intrinsic motivation
of the user. Nonetheless, they assume that the user is already familiar with the
GTD methodology.

Productivity Related Games. Recently, incorporating gamification in task
managers has received significant attention. Games such as Habitica [8], Super-
Better [19] and EpicWin [17] are gamified task managers which include elements
such as completing quests and role-playing for engagement, and experience points
and leveling up as a reward system. However, similar to the GTD-related task
managers, these games target users who are already motivated to improve their
productivity habits, rather than users who do not consider changing their daily
routine of habits.

Theories of Learning. Effective knowledge transfer with stress reduction
methods has been the target of frameworks such as the constructivism the-
ory of learning. Constructivism equates learning with creating meaning from
experience [6]. Students learn by fitting new information together with previous
knowledge and current beliefs and attitudes [2]. By perceiving new experiences,
students update their mental model to reflect the new information and use it
to construct their interpretation of reality [5]. Hence, it directly proposes an
effective way of creating habits.

BusyBusy appliesConstructivism learning theory by simulating a scenario that
demonstrates the use of GTD. We create an environment where the player experi-
ences a loss of control and can regain control by applying the capture and reflection
steps of GTD. BusyBusy advises the players to bring order to the learning process
by sorting their thoughts and gaining experience with the mini-games in a virtual
experience, without confronting the player with real life tasks.

3 Game Design

The goal of the game is to help students to cope with stress by acquiring the
capturing habit. To satisfy this goal, the game should: (i) be relatable to the
player, (ii) strike a balance between fun and learning, (iii) let the player experi-
ence the capturing habit, and (iv) be played for consecutive days while reflecting
about the learned behavior.

To create a game that is relatable to the player, we developed a simulation
game wherein the player takes the role of a virtual student. Just like a real
student, the virtual student needs to complete courses, keep their room clean,
stay healthy, and be entertained. To successfully achieve this, the virtual student
needs to balance studying with other activities. The game strikes a balance
between fun and learning by visualizing the activities that the student has to
do as fast-paced mini-games. During these mini-games the player experiences
the capturing habit: thoughts related to other must-do activities appear on the
screen and the player has to manage them.
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The game includes different courses that last multiple game-days. Addition-
ally, to stimulate students to come back daily to the game, we included a streak
system rewarding the player for playing consecutive days.

3.1 Game Activities

There are currently 5 activities in the game that the player has to complete:
doing homework, working out, cleaning room, socializing and playing games.
The activities are grouped into three categories and presented in the form of
mini-games. The productivity category encapsulates any productive activity,
represented in BusyBusy with working out. The organizational category con-
sists of activities that influence the virtual student’s room/environment. Finally,
the entertainment category includes social and fun activities. Learning efficiency
and course progress is affected by a balance of the studying activity and all of
these categories.

3.2 Thoughts in the Game

During the mini-games, thought bubbles pop up, related to other activities, rep-
resenting the thoughts of the virtual student. While floating around the screen,
these thought bubbles distract the player from playing the mini-games. However,
they also let the player experience how capturing thoughts affects the perfor-
mance of their daily activities, in a direct and visual way: the player can act on
each thought bubble by either capturing it, i.e. dragging it to the collection box,
or by trashing it, i.e. dragging it to the trash bin. When more than 5 thoughts
are floating around simultaneously, the oldest thoughts get forgotten. If at the
end of a game-day, the player has properly dealt with enough thoughts (i.e.
there are at most 2 left floating), they will be positively rewarded on each score;
otherwise, the player will be penalized on the scores for each forgotten thought.
This mechanism encourages the player to perform the capturing habit inside the
game. More importantly, the captured thought bubbles control the game cycle:
the player’s next activity is namely determined by the captured thoughts during
the current activity.

3.3 Game Cycle

In BusyBusy, virtual student life takes place turn-based, in game-days. Each
game-day consists of one to three mini-games. Figure 1 illustrates the complete
game flow. Each game-day takes about 1–2 min, specially designed so a student
can do a short game-play session without the burden of having yet another time
consuming task. On the first day, after a short tutorial, a new course starts and
the player is left on the main menu (the student room). From here, the player can
start a new game-day with its mini-games. The game-day ends when no thoughts
are captured during a mini-game or when 3 mini-games have been played. At
the end of the game-day, the player is presented with the score screen. This is
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repeated till the end of the current course, when the player receives feedback
on their grades. Thereafter, a new course can be started with zero scores and
progress – hence, the game cycle restarts.

Fig. 1. The game loop of BusyBusy.

3.4 Scoring

During the game, we track four scores. The primary score is the virtual student’s
progress on their current course. Course progress is reset each time a new course
is started, and has to be sufficiently high when the course ends. The other three
scores relate to activities a student has to perform in their life: productivity,
organization and entertainment, and start at 50%.

The effect of each mini-game on their respective scores is presented in Table 1.
During the game, the scores are displayed in the main menu and on the scoring
screen. At the end of a game-day, the player score is computed based on the
played activities. By being shown their scores, players are also encouraged to
reflect on their progress.

When a player plays at least one game-day on an actual day, their streak is
incremented; otherwise, it is reset to zero. For each streak, the player will gain
a multiplier on progress they get for one score.

Table 1. The mini-games and its effects on each score on the virtual student life.

Score Activity Mini-game Amount

(P)roductivity Working out Jumping rope (timing) +10%

(O)rganization Cleaning room Navigation game +10%

(E)ntertainment Social activities Block-breaker +10%

Gaming Pinball +10%

Study progress Studying Memory 1 + (P) + (O) + (E)



340 W. Raateland et al.

3.5 Mini-Game Design

Each activity in BusyBusy is relatable to student life domains: study, socialize,
clean, workout and have fun. The player engages in these domains by playing
the corresponding mini-games, having to balance their activities in the game.

Study. The study mini-game is a memory quiz where the player has to select the
correct answer within the time limit. In the game, the player experiences stress
from the toughness of trying to remember all the shapes and their respective
colors while also dealing with the floating thought bubbles. This memory game
was chosen because it is reminiscent of studying, remembering concepts of a
course and testing yourself by answering questions. The mini-game is shown in
Fig. 2a.

Workout. The workout mini-game focuses on the reflexes of the player. The
player has to tap on the screen at the right time to make the virtual student
jump a rope within the time limit. Jumping rope is an easy and effective cardio
workout and like in the game, depends on the reflexes of a person to time and
jump at the downswing of the rope. The mini-game is shown in Fig. 2b.

Socialize. The socialize mini-game is a block-breaker variant where the player
controls a paddle and has to hit beer glasses with a ball, also within the time
limit. This game is a fun experience, representing the player going out with
friends, as one of the multiple social interactions students like to have. The
mini-game is shown in Fig. 2c.

Fun. The fun mini-game is a classic pinball game where the player has to touch
all targets with the ball. Many students play games to have fun, and pinball
represents a relaxing arcade game. The mini-game is shown in Fig. 2d.

Cleaning. In the cleaning mini-game, the player has to clear objects around
the room by controlling a hose with a gamepad during the allocated time. This
mini-game is a straightforward representation of the domain, vacuuming your
room to clean it. Furthermore, the controls and the feel of the game correlate
well with the idea of vacuuming a room. The mini-game is shown in Fig. 2e.
All mini-games are integrated in one web-based application3, meant to be played
on mobile devices, with all player data being stored locally.

3 Freely available at https://busy-busy.netlify.com/.

https://busy-busy.netlify.com/
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(a) Study (b) Workout (c) Social (d) Fun (e) Cleaning

Fig. 2. The mini-games in BusyBusy.

4 Evaluation

We conducted two studies to evaluate BusyBusy : the first considers the effects
of playing BusyBusy only once, while the second considers the effects of playing
it for a longer period.

4.1 Study 1

This study considered the effect of playing BusyBusy only once. Our hypothesis
was that participants who play BusyBusy will be more aware of the value of
capturing thoughts than the participants who only answered the survey.

Method. The study was conducted as a double blind trial, with two groups:
the experimental group first played BusyBusy for five minutes on their phone
and then took the survey in Appendix A; the control group only took the survey.

Results. Figure 3 shows the responses of both the control group and the exper-
imental group for two survey questions. Table 2 presents a statistical analysis of
the responses. Figure 3a shows that the experimental group considers the value
of capturing thoughts very valuable or extremely valuable more often than the
control group, with 79% versus 56%. With a P-value of 0.035, this difference is
statistically significant. Figure 3b shows that the control group actually found
themselves less often unaware of the value of capturing thoughts. However, with
a P-value of 0.945, no statistical difference between the groups is found.

Discussion. The statistically significant difference in the respondents answers
to Q4 shows that BusyBusy indeed makes players aware of the value of capturing
thoughts after playing it once. Q5 could have strengthened this evidence, but its
answers fail to show any significant difference between the groups.
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(a) Responses on Q4: “How valuable do
you think it is to capture your thoughts
outside of your head?”
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(b) Responses on Q5: “How aware are
you of the value of capturing thoughts
outside of your head?”

Fig. 3. Responses on survey questions for study 1.

4.2 Study 2

This study considered the effect of playing BusyBusy for a period long enough
for creating/changing a personal habit. Our hypothesis was that participants
to this study would have developed or strengthened their capturing habit after
playing the game.

Method. This study was limited to 5 students (referred to as P1 to P5) who
classified themselves as experiencing stress. At the start of the study they filled
in the survey in AppendixB, they then played BusyBusy for seven days in a
row, and afterwards they filled in the survey in AppendixC.

Results. Out of the five people who took part of the experiment, two people
already used to capture their thoughts externally before the experiment, two
other people used to capture about half of the time, and the remaining person
only sporadically. After the experiment, this stayed the same, except that one of
the people who said about half the time answered sometimes, and the person who
had answered sometimes answered about half the time. This means that their
habits did not visibly change in the one-week period in which they played the

Table 2. Significance of responses to Q4 and Q5 in study 1.

Question Group n Mean Standard deviation Variance P-value

Q4 Experimental 19 4.11 0.72 0.87 0.035

Control 43 3.60 1.10 1.22

Q5 Experimental 19 3.16 0.93 0.87 0.945

Control 43 3.18 1.27 1.60
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game; however 4 out of the 5 did confirm that playing the game did help them
to practice capturing their thoughts. This can mean that the game helped to
remind them of capturing their thoughts, possibly in a more organized manner.
These results also reinforce the conclusion of Study 1, because 4 out of 5 people
answered that they got more familiar with the thought capturing habit after
the experiment ended. The results before and after are shown, respectively, on
Tables 3 and 4. Refer to Appendix B and C for the questions.

Table 3. Answers before playing the game in study 2.

Q# 1 2 3 4 5

P1 1 Most of the Time Always I only keep
them in my
head

4

P2 1 About Half the Time Always On Paper 5

P3 1 Most of the time Most of the Time On Paper 5

P4 1 Sometimes Sometimes Digitally 3

P5 5 About Half the Time About Half the Time On Paper 3

Table 4. Answers after playing the game in study 2.

Q# 1 2 3 4 5 6

P1 1 Most of the time About half the time I only keep them in my head 4 All the time

P2 3 Sometimes Sometimes On paper 2 Sometimes

P3 4 Most of the time Most of the time On paper 5 Sometimes

P4 4 About half the time Always On paper 5 All the time

P5 3 About half the time About half the time On paper 5 Never

Discussion. The number of participants was limited and, in hindsight, the
study should have been longer for the hypothesis being tested. In addition, it
is hard to say how truthful the answers are. Nonetheless, it seems clear that
playing everyday for about a week is not enough to increase the habit of a
player to capture their thoughts externally. We believe a longer study will be
needed to assess with more accuracy the effectiveness of the game for actually
forming a habit.

5 Conclusion

Strong productivity habits are crucial for the next generation of knowledge work-
ers, but most students are not sufficiently supported in developing such habits.
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Due to their ability to engage players for extended periods, games have the
potential to help create such habits. We presented BusyBusy, a serious game
that helps students learn to capture and clear up their thoughts, following the
steps of the proven Getting Things Done (GTD) methodology.

Preliminary evaluation has shown that playing BusyBusy raises the player’s
awareness of the value of capturing. Further research will be required to assess
how effective BusyBusy is in creating and strengthening the player’s capturing
habit and what the limits of its applicability are.

We believe that BusyBusy provides a solid base to explore the acquisition
of other habits in the GTD methodology. A natural development could include,
for example, mini-games aimed at creating an in-game daily plan, to build the
habits related to the organizing step. As always, the key for such habit building
mechanisms will have to focus on keeping players engaged and rewarded for
longer streaks. This, in turn, will require more content to be developed, most
likely using advanced adaptation and procedural generation methods [11].

Acknowledgment. We thank David Allen and Arjan Broere for their support, enthu-
siasm and inspiring comments throughout this project.

Appendix A Survey Short Term Study

(Introduction) Thank you for taking the time to participate in this study mea-
suring awareness and valuation of the capturing habit. The capturing habit is
introduced by David Allen in his work Getting Things Done R©. It refers to the
habit of capturing your thoughts related to actions (such as buy milk, call a
friend, study a chapter for a course) in a medium outside of your head. The
survey contains 5 multiple choice questions and should take 2 min to complete.
Your response will be completely anonymous.

(Q1) How familiar are you with the capturing principle?
(Q2) Where do you capture your thoughts?
(Q3) How often do you currently capture your thoughts, related to an action,
outside of your head?
(Q4) How valuable is it for you to capture your thoughts outside of your head?
(Q5) How aware are you of the value of capturing thoughts outside of your
head?

Appendix B Survey Before Long Term Study

(Introduction) Thank you for taking the time to participate in this study mea-
suring awareness and valuation of the capturing habit. The capturing habit is
introduced by David Allen in his work Getting Things Done. It refers to the
habit of capturing your thoughts related to actions (which take more than say
2 min, such as buy milk, call a friend, study a chapter for a course) in a medium
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outside of your head.

(Q1) How familiar are you with the capturing principle?
(Q2) How often do you currently capture your thoughts, related to an action,
outside of your head?
(Q3) How often would you like to capture your thoughts, related to an action,
outside of your head?
(Q4) Where do you capture your thoughts?
(Q5) How valuable is it for you to capture your thoughts outside of your head?

Appendix C Survey After Long Term Study

(Introduction) Thank you for taking the time to participate in this study mea-
suring awareness and valuation of the capturing habit. This is the final step of
the experiment, hope you enjoyed it :)

(Q1) How familiar are you with the capturing principle?
(Q2) How often do you currently capture your thoughts, related to an action,
outside of your head?
(Q3) How often would you like to capture your thoughts, related to an action,
outside of your head?
(Q4) Where do you capture your thoughts?
(Q5) How valuable is it for you to capture your thoughts outside of your head?
(Q6) Has playing the game helped you capture your own thoughts externally?
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Abstract. Adding energy-saving products to your house can benefit
the economy, the environment and your living comfort. However, these
products are very costly, and many people cannot afford them using their
own savings. There exist several options for funding these projects, but
people do not take advantage of such due to lack of information and the
common negative view on using external funding. Psychological objec-
tions on taking loans include future time perspective, perception of short
time rewards and connotation of loans itself. This paper presents a seri-
ous game aimed at changing people’s mindset on taking loans to retrofit
energy into their homes; Supreme Green Time Machine is a tycoon game
in which you can acquire energy-saving products for your home. A main
mechanic in the game is the opportunity to take loans to fund the pur-
chase of these upgrades. Combined with other underlying mechanics,
such as the time progress and social feedback, the game targets the dif-
ferent psychological objections to long term loans for home retrofitting.
From a preliminary evaluation, we conclude that Supreme Green Time
Machine effectively succeeds in making players more positive towards
using loans to retrofit their homes.

Keywords: Serious games · Persuasive games · Home retrofitting ·
Energy finance · Future time perspective · Sustainability

1 Introduction

Due to environmental considerations, there is an increasing pressure to lower our
gas emissions and use cleaner energy. Having energy-saving products in a house
helps to lower such emissions and brings benefits to the house owner and the
people living there. Still, people are hesitant to invest on retrofitting energy to
their house due to the high investment cost.

One of the solutions to the high cost of products is for private home owners to
take loans to fund their retrofitting project. These loans are often encouraged by
the government [10] and have some of the lowest interest rates on the market [14].
However, this is still not a popular solution, as many home owners do not realize
the benefits. We approach this problem with the following question: How could

c© Springer Nature Switzerland AG 2020
I. Marfisi-Schottman et al. (Eds.): GALA 2020, LNCS 12517, pp. 347–361, 2020.
https://doi.org/10.1007/978-3-030-63464-3_33

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-63464-3_33&domain=pdf
https://doi.org/10.1007/978-3-030-63464-3_33


348 O. Dikken et al.

a game help change people’s mindset about using loans to fund energy-saving
products for their house?

We target this question by designing and testing a serious game. The game
aims at positively changing the player’s mindset on taking loans for installing
energy-saving products at home. Using games for educative and persuasive pur-
poses has grown in popularity the last years, including environmental aware-
ness [1,3,13,16]. The financial aspect makes the retrofitting a complex problem,
and there are several underlying psychological factors that need to be tackled
together in order to change someone’s mindset. Nonetheless, people’s generally
negative connotation to loans, the general focus on short term rewards - and the
unavailability of future time perspective (FTP) visualizations, weight heavily on
how home owners feel about taking loans for investments such as retrofitting.

We present Supreme Green Time Machine, a serious game to change this
mindset and create a positive view on the long-term benefits of loans applied to
retrofitting. The FTP problem is tackled by speeding up time to quickly show
the player the long term rewards. The game provides a simplified loan system
that allows the player to pay back their loans using their savings - providing a
more positive connotation towards repaying loans. As for the problem of peo-
ple’s unawareness of the short term benefits of energy-saving products, we use a
feedback system providing both visual and statistical instructional information,
which emphasises the immediate impact of their actions.

Supreme Green Time Machine was evaluated through surveys, answered dur-
ing playtest-sessions, with people in the target audience of private home owners.

2 Related Work

Serious games, when integrated into real life, have previously been shown to
have positive impact on the attitude and behaviour of household owners when it
comes to energy conservation [7]. Quite a few games have been made within the
energy domain, including: The Power House [2], Energy Chickens [13], EcoIs-
land [11] and Powersaver Game [8]. The latter study contains a comparison of
previous energy games and points out some shortcomings when it comes to the
implementation of gamification and the lack of pre- and post-measurements.

Previous research [9,12] point out that the lack of information about the
different aspects of house retrofitting is an important factor as to why there have
been so few home retrofits. In a research done on energy labels for dwellings [5],
they conclude that the use of energy efficiency labels on homes can help with
stimulating people to get a retrofit for their home. This shows that using visual
feedback can give people a more positive mindset towards retrofitting their house.
Nonetheless, the main reason people have interest in installing insulation is to
improve comfort, while the main driver behind the interest in installing solar
panels is the perceived cost reductions [4].

Furthermore, people discount the utility of future rewards depending on their
future time perspective - the concept on how people perceive results that are
happening in the distant future. Most of the people do not appreciate rewards
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that will happen in more than fifteen to twenty years into the future [15].
This raises a challenge in our domain, as it usually takes several years before
home owners reap the rewards from retrofitting their houses. Research suggests
that rewards at a time beyond a player’s “future window” have no value at
all to the player [6]. This is mainly due to lack of interest and not because
impulsive instant-reward decisions get priority. Interestingly, different players
have different future time perspectives: a player with a deep/long FTP sees
their current actions as more valuable because they lead to future goals that
are more strongly valued [15]. These findings can be useful to interpret why a
player does not partake in a project with guaranteed long term profits. These
are mindsets that we try to overcome in the design and evaluation of our game.

Finally, different incentives have different effects on the present performance
of an individual. Generally stating that an activity serves the participant’s future
does not yield positive effects, as it does not allow the participant to fully grasp
the specific meaning and importance of the activity [15]. Furthermore, pointing
out the future importance of one’s present behaviour might only result in bene-
ficial effects if people have an optimistic outlook toward their future. This shows
the importance of not only stating long term gains to the player, but also make
them aware of the short term benefits. These aspects are targeted within our
game and described in the following.

3 Game Design

Supreme Green Time Machine aims at changing the player’s mindset on taking
a loan to fund the retrofitting of their house. To achieve this, we address psycho-
logical aspects such as future time perspective (FTP), perception of short term
rewards and the negative connotation of loans.

The game is a tycoon-type game aimed at private home owners. The essence
of the game is to upgrade your house with energy-saving products to benefit
from living comfort and environmental improvements. It encourages players to
consider taking loans to help paying for these upgrades. The game also combines
a time speed-up mechanism and a reinforced feedback system, which increases
the impact of the simulation by highlighting the positive outcome of investing,
through loans, on energy retrofitting. An interactive play-through lasts about ten
minutes, running an experience of fifteen years of in-game time. This strongly
helps realizing the long term rewards, as well as the short term personal, envi-
ronmental and social benefits.

3.1 Gameplay

The gameplay revolves around the player’s house in a virtual neighborhood.
The player will be interacting with and observing the simulation to monitor how
their upgrade-choices and outside events play out. During this time, the player
will also be buying energy-saving products to improve their home, while facing
seasonal challenges (e.g., weather, power failures, etc.) and receiving occasional
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feedback (e.g., the neighbors’ competition for greener and more efficient homes).
The player has to balance the environmental and living comfort scores of the
house along with their finances.

To help the player on the financial side, the option of taking a loan is available
to fully or partially pay for buying a product. An upgrade menu shows players
the products they can install into the house along with the funding alternative.
Through a clear information overview, the player can keep track of the progres-
sion of his/her house, as well as compare the different strategies used by the
neighbors – from which useful insights can be drawn. The game mechanic is
balanced to help the player get the best of the possible loans: if desired, a joker
can be used once to go back in time two years and try applying a different strat-
egy. At the end of the game, players get to see how well they fared against the
neighbors, and who managed to achieve the best environmental impact, living
comfort and financial outcome. An overview of the gameplay is illustrated in
Fig. 1.

Fig. 1. Supreme Green Time Machine game flow. Players take care of their home
by buying and installing energy-saving products, while, in parallel, the neighborhood
runs similar retrofitting actions. At the end of a fast-forward simulation, players are
presented with the benefits of taking a loan to upgrade their houses.



A Serious Game for Changing Mindsets About Loans for Home Retrofitting 351

3.2 Persuasion Mechanisms

The mechanisms included in the game design of Supreme Green Time Machine
to facilitate a gentle change in the players’ mindset include: (i) providing a future
time perspective (FTP) through an accelerated simulation, (ii) a visual feedback
system that shows the benefits of greener retrofitting solutions for the house
and neighborhood, (iii) a social feedback loop based on common neighborhood
emotions, and (iv) a simplified financial model that encourages the players to
confidently take a loan with long term returns. In the following, we describe the
design and mechanics details.

Accelerated Time Simulation. While home owners could read about the
benefits of house retrofitting in, say, a brochure or website, the non-personal
character of these texts does not provide a direct FTP, nor the appeal to research
how that would apply on their own house and neighborhood. Instead, through
actively visualizing and experiencing their options in the game, the long term
effects of the players’ choices are brought directly to their attention, elucidating
what otherwise would just seem abstract to them. This simulation allows players
to “quickly” experience events that would spread over fifteen years, and draw
practical conclusions of their consequences.

Visual Feedback System. The visual feedback system notifies players of the
effects of their different actions. Instead of plainly telling the player ‘what causes
what’, we chose to discretely raise awareness of the short term benefits that come
with installing energy-saving products to their homes. After deploying a product,
the player scores on financial, environmental and living comfort are updated
and visualized in the environment. Seeing these direct benefits of each product,
players get encouraged to consider buying specific products that further increase
scores on the long term. Moreover, these notifications help conveying the impact
on the environment around the player’s house. For example, if environmental

Fig. 2. Fog is present while the environmental score is low (left), and will disappear as
the player install greener products and influences the neighbors to take similar actions
(right).
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scores get low, pollution clouds represented by fog start forming, in analogy to
the bad air quality in the real world. Implicitly, players are stimulated to take
action, installing greener products (see Fig. 2).

Social Feedback Loop. In addition to the visual feedback above, players can
also be socially challenged to improve the overall neighborhood environmental
conditions, by being confronted with their neighborhood score. Living in the
same area, and often with similar financial and social status, neighbors tend to
do status comparisons in real life. This recognizable behavior is mimicked in the
game, further increasing the player’s immersion and influencing their choices.

Receiving feedback from your neighbors – who know what you have installed
– is another effective form of short term reward. This is achieved in the game
through short messages from the neighbors, which target player’s emotions,
namely satisfaction and jealousy. At times, a neighbor will compliment after
the player installed a product that improves the whole environment. This might
induce a positive, satisfactory emotion, creating positive feelings as instanta-
neous rewards. Conversely, some neighbors might be a step ahead within the
game, exhibiting better scores due to a smarter strategy; in that case, they will
unmistakably make the player aware of this through appropriate messages. These
might induce some jealousy, but hopefully also inspire to reflect and learn, as
well as strive for competition.

Financial Model. Supreme Green Time Machine is supported by a simplified
financial model to enable taking loans and purchasing energy-saving products.
The player starts with a base capital that can be used to buy products. In
addition, the player receives a yearly amount representing the household income.
Depending on the price of the product of your choice, it can be either integrally
paid with saved money or partially financed by taking a loan. Loan amounts
are limited each year, and the total needs to be taken into consideration when
choosing a purchasing strategy.

Each product in the game will “give back” a certain amount of money every
year, i.e. the value of its energy savings. Each year after the product is installed,
its savings will be subtracted from the loan that was used for that product; when
this loan gets to zero, that amount will go directly into the capital of the player.
The incoming capital is also affected by simulation challenges the player is faced
with, such as a variety of Winter and Summer events. In case the household is
not prepared for such seasonal events, a certain amount is deduced; otherwise,
the household withstands it, indicating a well planned investment. With such
events and a measurable return on investment, the financial model allows players
to quantify the extent to which the the invested capital is returned, as well as
to get a clear insight into the timeline of that process. A complete overview of
the financial model used is presented in Fig. 3.
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Fig. 3. Complete diagram of the financial model, including loans, seasonal events,
annual salary and return on investment.

4 Evaluation

Supreme Green Time Machine’s potential on changing people’s mindset was
validated through a user study based on the following hypothesis: A game can
be significantly more effective than a plain informative text in positively chang-
ing the mindset of a house owner, regarding taking loans to retrofit their house.
Assessing this hypothesis allows us to validate if the game adds any value to the
solutions already in use to inform people about retrofitting and loans. We evalu-
ated whether the game positively informs players on this matter by conducting
multiple playtesting sessions with pre- and post-game questionnaires.
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The playtesting sessions had a total of 51 participants, all within our target
group: private home owners. The participants were presented with an informative
text, which consisted of information on energy-saving products, their price and
their impact. The text also stressed the importance and advantages of having
more house owners retrofit their homes. Additional information on how to use
loans to fund these products was also provided. The reason for an informative
text as part of the (pre-)evaluation is to comply with our hypothesis, and also
minimize potential bias of uninformed home owners: participants knowing little
or nothing about energy-saving products might have answered that the game
heavily improved their mindset as a substantial volume of novel information was
presented.

Next, the participants were given the pre-game survey. In this survey, we
asked about their mindset towards energy-saving products, using loans to fund
them as well as some general questions on their current living situation. The
questionnaire is available on Appendix A. After the first survey was conducted,
the participants played the game for one session (ten minutes). Finally, they
were requested to answer the follow up survey, evaluating their new mindset on
the previously questioned aspects (see Appendix B). Evaluated answers were
collected as a 7 point Likert-scale.

Fig. 4. Outcome of both surveys before
and after the game. Questions are pre-
sented in Appendices A and B. (Color
figure online)

Fig. 5. Distribution of participants’
answers to question B #8, on the per-
ceived degree of extra information pro-
vided by the game.

Figure 4 shows the survey results for the Likert answers. Blue and the orange
bars show the average score given by the participants for the question in the pre-
and post-game surveys, respectively. The average score is higher for all of the
questions in the survey after the game. The first two questions (Appendix A #7
and #8 (pre), Appendix B #2 and #3 (post)) consist of choices regarding six
different products. In order to generate the score per participant, we averaged the
scores per product given by the participant. In the third bar (questions #9 and
#4, pre- and post), we asked how likely the participant was to use loans to fund
the installation of an energy-saving product and observed an increase of almost
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one point. The participants went from averaging at almost 4 (neutral) to just
roughly 5 (somewhat likely) after playing the game. Overall, the questionnaires
show that the game did change the participants attitude towards being more
likely to acquire energy-saving products and use loans to fund them.

The participants were also asked to which degree they felt that the game
provided them with new information. Figure 5 shows that a majority of the
participants felt that the game gave them extra information, averaging a score
of 5.14 (1 equals “no new information” and 7 “a lot of new information”). With
regards to our hypothesis, we can affirm that the game does add value to existing
solutions, and manages to improve the mindset of the people playing it in a
positive way with regards to using loans to retrofit their houses.

5 Conclusion

Despite all its advantages, retrofitting a house with energy-saving products still
struggles with a number of financial, social and psychological objections, includ-
ing: a lack of future time perspective, deficient perception on short term benefits,
and a general negative connotation of taking loans.

We investigated how a game could help change people’s mindset on tak-
ing loans to fund such projects. For this research, we designed Supreme Green
Time Machine, a novel tycoon-type game aimed at private home owners. The
game design features a careful combination of persuasion mechanisms, providing
future time perspective through accelerated simulation, instant visual feedback,
a powerful social feedback loop, and an effective financial model.

Our prototype game evaluation has shown that people previously hesitant
did adopt a more positive attitude towards taking loans for greener energy after
playing the game. We can therefore conclude that Supreme Green Time Machine
positively helps change people’s mindset about taking loans to fund their home
retrofitting projects.

Acknowledgments. The authors thank Gerard van Smeden and De Energiebe-
spaarders for their help and expertise during the development and evaluation of the
game.

A Survey after text

Thank you for participating in this survey! You have read an informative text
about energy savings. We would now like to know about some of your views on
this topic and your thoughts on installing energy saving products to your home.
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B Survey after game

Thank you for participating in this survey! You have played our game about
retrofitting your house with energy saving products. We would now, again, like
to know about some of your views on this topic and your thoughts on installing
energy saving products to your home.
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Abstract. Gaming is intrinsically motivated – the motivation for gaming lies
within the activity itself. One of the rationales for serious gaming, i.e. using the
medium of games for purposes other than entertainment, is the assumption of high
motivation fostered by games. Both theoretical discourses and evidence-based
meta studies question this assumption. However, together with this assumption, a
central justification of high production efforts required for games would also be
eliminated, since an equivalent learning effectiveness could presumably also be
achieved with media produced more efficiently. Therefore, this study examines
whether serious gaming achieves a highermotivation than other learning activities.
For three learning activities (serious gaming, lecture and field trip) being part of a
Master’s program inEnvironmental Engineering, themotivation ismeasured using
the instruments SIMS (SituationalMotivational Scale) andQCM(Questionnaire to
Assess Current Motivation in Learning Situations). The results show an increased
intrinsic motivation for serious gaming at higher perceived learning outcomes and
lower perceivedmental load. Thus, it appears that serious gaming can contribute to
an increased motivation. Further, by discussing factors that influence the selection
and application of games, the article contributes to attainment of high intrinsic
motivation in serious gaming.

Keywords: Intrinsic motivation · Extrinsic motivation · Learning activity ·
SIMS · QCM

1 Introduction

One of the factors used in serious gaming to achieve further goals besides entertainment,
such as learning, is the motivating effect of games [1]. Motivation is a complex construct
used to explain the direction, persistence and intensity of activities [2]. One categoriza-
tion of motivation distinguishes between intrinsic motivation, i.e. motivation directed
towards the activity itself, and extrinsic motivation, i.e. motivation directed towards
external stimuli outside the activity [3]. The effects of games on motivation usually refer
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to intrinsic motivation. For example, Callois [4] defines games as unproductive, i.e. no
external results are expected. There is a discussion whether the unproductive character
of games and their use for other purposes outside the game are contradictory, since the
intrinsic motivation is compromised by the combination of both, e.g. [5, 6]. Specific
measuring instruments for serious games also substantiate the fact that serious games
hold a special status regarding motivation. The instrument EGameFlow [7], for exam-
ple, was developed to measure the extent to which players are in a state of flow that is
considered most suitable for learning processes. Furthermore, there is some evidence
that the development of serious games is very complex and hence not always fruitful, i.e.
partly resulting in reducedmotivation. Papert [8]mentions “shavian reversals – offspring
that keep the bad features of each parent and lose the good ones – are visible in most
software products that claim to come from a mating of education and entertainment”.
The repeatedly quoted term “choco dipped broccoli” (or “chocolate covered broccoli”)
goes back to Bruckman [9]: “fun is often treated like a sugar coating to be added to an
educational core”. Furthermore, Egenfeldt-Nielsen [10] comments “edutainment started
as a serious attempt to create computer games that taught children different subjects.
Arguably it ended up as a caricature of computer games and a reactionary use of learning
theory”. Likewise, Dondi and Moretti [11] argue that there is not yet a common regula-
tory structure for the generation of high-quality games. Additionally, not all learners are
receptive to serious games, e.g. a fraction of learners prefers to learn using conventional
media [12].

All the phenomena mentioned tend to reduce the motivational effect of games in
serious gaming. Accordingly, a meta-study byWouters et al. [13] is not able to prove any
effect of serious games on motivation. However, if no motivational effects of games can
be demonstrated, then the question arises as to whether – in view of the high production
efforts of games – other media showing a comparable learning effectiveness, that are
more efficient to produce, might be preferred. Thus, this study examines the research
question of whether higher motivation can be proven for games in educational contexts.

The following terms are used in this article: serious game stands for a game developed
specifically for purposes beyond entertainment. Serious gaming is used whenever a
game – be it an entertainment game or a serious game – is used for purposes beyond
entertainment. This distinction is relevant as in the learning activity investigated the game
SimCity, originally developed as an entertainment game, is used for learning purposes.
When referring to the specific learning activities of the study, the term gaming is used
for short, although it is actually serious gaming due to the definition above. The further
article is structured as follows: In the next section the methodology is described, in
Sect. 3 the results are presented, which are then discussed in Sect. 4. Finally, the article
ends with the conclusions.

2 Methodology

Context. The study is intended to measure the motivation of students involved in a seri-
ous gaming learning activity. To facilitate the evaluation of the measured values, same
measurements should be taken for further learning activities. A reasonable opportunity
for such a series of measurements was offered by the course Infrastructure Manage-
ment” of theMaster’s program Environmental Engineering. The course consists of block
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events, which are held at two-week intervals. Part of the course is an established block
event based on the simulation game SimCity, using an open, competitive game scenario
spurring students achieving best possible results in the development of an industrial area
[14]. The SimCity serious gaming block event is followed in the next block event by
a field trip into the real industrial area that is also the subject of the SimCity serious
gaming block event. During this field trip, which lasts about 8 h, six different locations
are visited using a bus chartered. At the locations, a tour guided by stakeholders takes
place giving opportunities for questioning and discussion. The third learning activity
is a lecture in the block event following the excursion block event. All three learning
activities are led by the same person, an experienced lecturer involved in teaching this
course for almost 20 years.

Study Design and Demographics. In the three block event-based learning activities
being part of the course (gaming, field trip, lecture) the students were asked to complete
a questionnaire consisting of four sections. Participation in both the learning activities
and the questionnaire was voluntary. According to the impressions of the lecturer, no
student refused to fill out the questionnaire. Therefore, it should be assumed that all
participants in the learning activities also completed the questionnaire being identical
for all three learning activities. Out of the 29 students of the course, 17 students answered
for the learning activity gaming, 21 students for the learning activity field trip, and 15
students for the learning activity lecture. All three learning activities were part of the
same course in the same semester. The questionnaires were answered anonymously and
were not assigned across the different learning activities to individual students. Age and
gender of the students participating have not been surveyed. However, by conducting the
course in the second semester of the Master’s program, an average age of the students
of about 23 years is to be assumed. An equal distribution of gender should also be
concluded, since 15 of the 29 students of the course were female and 14 were male.
The students’ experience with the game SimCity is to be derived from a study in the
same course in earlier semesters [14]: 30% of the students involved in the earlier study
indicated prior experiences with SimCity.

Standardized Instruments. The questionnaire included two standardized instruments.
These two instruments and their relevance for this study are described subsequently.

Situational Motivational Scale. The 16 items of the Situational Motivation Scale
(SIMS) [15] were used to measure intrinsic and extrinsic motivation. The SIMS mea-
sures four types of motivation on subscales, which are attributed to the work of Ryan
and Deci on self-determination theory (SDT) [3]: (1) Intrinsic motivation leads to activ-
ities, which are carried for the sake of the activity itself (sample item: “Because I think
that this activity is interesting”). (2) Identified regulation belongs to extrinsic motivation
and underlies self-chosen activities, which are performed for a specific external pur-
pose (sample item: “Because I am doing it for my own good”). (3) External regulation,
also an extrinsic motivation, is given, if a reward is to be achieved or if negative con-
sequences are to be avoided by fixed, non-choosable behavior (sample item: “Because
I am supposed to do it”). (4) Finally, amotivation occurs when goals do not appear to
be achievable through one’s own activities (sample item: “I do this activity, but I am
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not sure it is a good thing to pursue it”). For games, intrinsic motivation should be the
main motivation type, since games are meant not pursuing external purposes. From the
perspective of SDT, which describes the motivation for behavior as dependent on the
extent to which the basic human needs of autonomy, social relatedness and competence
are satisfied, identified regulation is to be considered more motivating than external reg-
ulation as identified regulation allows for a higher grade of autonomy. The four types of
motivation are to be understood as continuum where, from the point of view of serious
gaming intrinsic motivation is most desired and amotivation should be avoided.

QCM: Current Motivation in Learning Situations. Since learning is always in the focus
of the examined activities, it appears reasonable to examine the motivation also from
the perspective of learning. The instrument Current Motivation in Learning Situations
(QCM) [16] is well-established in this respect. This instrument comprises 18 items and
covers the four subscales interest (appreciation of the content of the task), probability
of success (confidence with which the learning situation can be successfully handled),
anxiety (fear of not being able to learn optimally due to the pressure in the learning
situation) and challenge (interpretation of the task as a performance situation). The
subscale interest is partly associated with intrinsic motivation.

3 Results

In the following, the results of the questionnaire are presented and discussed section by
section.

3.1 Situational Motivational Scale

Figure 1 illustrates the mean values measured for the four types of motivation. The
highest intrinsic motivation is just about reached by gaming (5.3), compared to the
value of 5.2 for field trip. The intrinsic motivation value for lecture is relatively weak
at 3.8. The values indicate that gaming achieves high intrinsic motivation and clearly
surpasses lecture. This is the theoretically expected but also essential result to illustrate
the strengths of serious gaming. The learning activity field trip achieves the highest value
for identified regulation in addition to the very high value regarding intrinsic motivation.
This high value may be justified by the schedule of the field trip, which on the one hand
sets an external framework to be adhered to, thus reducing autonomy, but on the other
hand provides a lot of information that is of interest to the students.

The learning activity lecture achieves the lowest motivation with the lowest values
for intrinsic motivation (mean = 3.8) and identified regulation (mean = 4.6) and the
highest values for external regulation (mean = 4.6) and amotivation (mean = 3.5). Of
interest is the relatively high value for amotivation in gaming. A possible explanation for
high amotivation is the non-matching gaming preferences of some of the students. This
fraction of the students seems to be not challenged by the game. It is also striking that
external regulation and amotivation spread more (averaged standard deviations= 1.34,
min = 1.22, max = 1.46)) than intrinsic motivation and identified regulation (averaged
standard deviations = 0.90, min = 0.79, max = 0.96).
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Fig. 1. SIMS subscale values per learning activity (7-point Likert scale)

To examine statistical effects, aMANOVAwas conducted for all of the four subscales
and revealed significant differences between the three groups (V = 0.574, F(8,94) =
4.727, p < .001). Univariate effects were found for intrinsic motivation (F(2,49) =
13.469, p < .001) and identified regulation (F(2,49) = 5.285, p = .008), but not for
external regulation (F(2, 49) = 3.070, p = .055) or amotivation (F(2,49) = 2.536, p =
.089).

Pairwise t-tests were conducted to analyze the sources of the significant univari-
ate effects. The intrinsic motivation is significantly lower for lecture (mean = 3.783)
compared to field trip (mean = 5.214; t(34) = 4.552, p < .001) as well as gaming
(mean= 5.324; t(30)= 4.803, p < .001). No significant differences regarding intrinsic
motivation were found between field trip and gaming (t(36) = 0.368, p = .715). The
students also showed higher identified regulation, after absolving the field trip (mean =
5.500) compared to lecture (mean= 4.567; t(34)= 3.200, p= .003) and gaming (mean
= 4.794; t(36)= 2.595, p= .014), but identified regulation does not differ significantly
between gaming and lecture (t(30) = 0.699, p = .490).

Generally, it can be concluded in this case study that gaming receives better
motivation than lecture, while the motivation shown in gaming and field trip are similar.

3.2 Mental Load and Learning Outcomes

The second section consisted of the self-defined items “How much mental load does the
activity put on you?” and “How much do you learn during the activity?”, each based on
a 7-point Likert scale. The first item was intended to capture the perceived mental load
of the student, the second item was meant to assess the personally perceived learning
outcome. Interestingly, the values in Table 1 show that lecture seems to be by far the
most demanding (mean = 4.67) before field trip (mean = 3.71) and gaming (mean =
3.65), whereas the reverse order is almost exactly the case for learning outcomes. Here
field trip is most educative (mean = 5.38) before gaming (mean = 5.24). Thereafter,
lecture follows by far (mean= 4.67). The high standard deviation for the values of field
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trip is remarkable. Both the mental load (SD = 1.454) and the learning outcomes (SD
= 1.117) have the highest values compared to the other learning activities. Overall, it
can be seen that gaming has much more advantageous values for perceived mental load
and perceived learning outcomes compared to lecture. Again, field trip reaches similar
mean values as gaming.

Table 1. Perceived mental load and perceived learning outcomes per learning activity.

Lecture Field trip Gaming

Perceived mental load Mean 4.67 3.71 3.65

SD 0.976 1.454 1.169

Perceived learning outcome Mean 4.53 5.38 5.24

SD 0.834 1.117 0.970

3.3 QCM: Current Motivation in Learning Situations

Remarkable in the mean values shown in Fig. 2 are again the similar mean values for
field trip and gaming. Compared to lecture, interest is one point higher, which can be
explained by the more practical tasks in field trip and gaming, while in lecture compar-
atively abstract matters are explained. Similarly, the values for anxiety are higher for
field trip and gaming - possibly due to the uncertainty if the abstract facts of the lectures
are understandable. Regarding the subscale probability of success there are consistently
high values for all learning activities, which may be explained by the lack of formal
tests in all learning activities – students do not fear needing to prove their understanding
immediately. In the subscale challenge, gaming achieves the highest mean value, pos-
sibly spurred on by the competition between groups during the gaming. Interestingly,
lecture and field trip show the same mean value for the subscale challenge. Compared
to reference values taken from [16], the adopted mean values of this study are within
the ranges. The adopted (to the 7-point Likert scale originally suggested) mean values
of the subscales interest and probability of success are to be considered quite high for
the learning activities field trip and gaming.

3.4 Comments

In the last section of the questionnaire, there is an open question to comment on the
learning activity and the questionnaire. The frequency of the comments varies according
to the activity. For gaming only three comments were received (18%), two of which
praised the activity highly and one of which pointed out that previous experience with
SimCity is helpful. In the five comments regarding lecture (33%), there are three com-
ments on how motivation could be improved: by a different form than block events,
by presenting larger contexts rather than details, and by more interaction. Most of the
comments (nine; 43%) are referring to field trip. Here it is pointed out several times
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Fig. 2. QCM subscale values per learning activity (5-point Likert scale)

that due to the many locations visited the questionnaire gives only an average measure,
but in fact there were large differences in the individual locations affecting motivation.
Furthermore, the density of the activities is highlighted, which were perceived as very
strenuous. A negative note is made of the high amount of time required for field trips in
general.

The respective participation in the learning activities, measured in the questionnaires
handed in, can also be seen as a measure of the attractiveness of the respective learning
activity. Having 21 participants, field trip is the most motivating learning activity ahead
of gaming (17 participants) and lecture (15 participants). In relation to this, however,
it should be noted that field trip took place on a Friday, while the other two learning
activities were offered on Saturdays, a day that is normally free of official learning
activities.

4 Discussion and Limitations

The results of the study show high intrinsic motivation values for the learning activ-
ity gaming compared to conventional lectures and thus confirm the use of games for
teaching. Simultaneously, it becomes clear that the learning activity field trip has similar
levels of motivation qualifying field trips as interesting learning activity. However, field
trips have some disadvantages compared to gaming: the effort to conduct field trips is
much higher in terms of time and costs. External dependencies, such as the availabil-
ity of field trip guides, are as little prevalent to gaming as potential physical threats to
the participants on field trip sites. In addition, this case study pointed to the individual
locations of the field trip being heterogeneous regarding the interest of the students.
In contrast, gaming allows providing a standardized learning environment enhancing
intrinsic motivation.
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In the following, the limitations of the study are discussed.

Single Gaming Activity. Onemain limitation of the study is looking at only one serious
gaming activity and thus not being universally valid.

Selection Bias. Relatively high mean values for intrinsic motivation may have arisen
because participation in the events was voluntary. Due to the lack of obligation to par-
ticipate, it can be assumed that a selection bias is given, since the students are usually
well informed about the expected content of the learning activities by word of mouth.

Game. The game used, SimCity, a classic that has reached an audience of millions and
has proven that the game can spark a high player motivation. The didactic setting under
investigation has also been used for almost 20 years and can therefore be considered
mature. Therefore, the values determined for motivation may not be representative and
may be difficult to achieve, for example, through specifically developed serious games,
although dedicated serious games may sometimes develop motivation to such an extent
that these games are also used as entertainment games (e.g. [17]). Overall, it is assumed
that the particular game and the didactic setting, in which the game is used have a
significant influence on motivation. Therefore, directives to increase the efficiency of
serious gaming exist, referring to the game and the didactic setting. Wouters und van
Oostendorp [18] name nine instructional techniques, such as content integration, context
integration, and feedback, to be considered purposefully designed in serious gaming.
Westera [19] highlights challenges and recipes for the design of motivational serious
games and addresses the tension between motivational game mechanics and learning
effectiveness.

Coordination of the Learning Activities. The coordination regarding time and con-
tent of gaming and field tripmay have had an influence on the results, while the content
of the lecture examined was not related to the content of the two learning activities
gaming and field trip. Furthermore, the order of gaming and field trip was determined
based on previous experience and the assumption that the very illustrative field trip could
be prepared best by the more abstract learning activity gaming (and not the other way
around). However, it is necessary to examine what influence the sequence of the learning
activities might have on motivation.

Subjective Measurements. Scores for perceived learning outcomes and perceived
mental load were queried from the students. The extent to which these subjective values
correspond to the objective learning content must be questioned and clarified individu-
ally [20]. A further inaccuracy might be caused by students’ subjective interpretations of
the terms mental load and learning. In addition, the motivation only was examined, but
not the knowledge imparted, and the learning outcomes achieved. Thus, no statement
can be made about learning efficiency.

Measurement Granularity. The measurements were taken only at one point during
events lasting several hours each. As described in the student comments on the field
trip, the motivation may, however, vary with time, which limits the significance of the
measurement results.
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Fun and Motivation. Iten and Petko [21] show that the perceived fun of playing a
serious game is not sufficient to predict learning success. This result indicates motivation
being a complex construct, which may consist of several components. Beyond the fun
of playing a game, extrinsic motivation is certainly significantly involved in the setting
of Iten and Petko. This again opens the question raised at the beginning of the article, to
what extent gaming and intentions beyond gaming are combinable. Design guidelines
for serious games and serious gaming depend on the answer to this question.

Despite all limitations, the significance of the results regarding motivational differ-
ences between the learning activities lecture and gaming has been statistically validated
in this case study.

5 Conclusions

For serious gaming to work as intended, games have to be able to generate intrinsic
motivation in the player and thus achieve a high level of engagement with the learning
content. In this study, it has been shown, using the case of an established serious gaming
scenario, that the intrinsic motivation of students involved in serious gaming is actually
higher than the intrinsic motivation of students in a lecture of the same course. Thus,
intrinsic motivation as a theoretically established characteristic of serious gaming is
also empirically confirmed in the scenario studied. Future work should – in a first step
– consist of making similar measurements for specifically developed serious games
that are expected to be less effective in generating intrinsic motivation. A second step is
expected to identify the determining factors for achieving intrinsic motivation to transfer
these results to other games and to further serious gaming scenarios respectively in a
constructive manner, considering and proving the guidelines existing.
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Abstract. On May 25th, 2018, the EU General Data Protection Regulation
(GDPR) came into force. Recognised as a comprehensive regulation for improving
privacy and data protection, a substantial impact on data processing disciplines
such as Serious Games (SG) research was expected.

By conducting a scoping review, this paper explores the effects of GDPR on
reporting of ethics approval, informed consent, ethics guidelines and data protec-
tion in SG studies. Five scientific databases were searched for research between
2016 and 2020 addressing Serious Games, Exergames and Applied Games. A
total of 2146 full-text studies split into equal collections before and after GDPR
were included. Lexicometric and keyword-in-context analysiswere conducted and
comparatively evaluated regarding ethics reporting and trends.

Results unexpectedly show that GDPR so far hardly left a mark.While a slight
increase of 12% in general ethics reporting can be observed, less than 6% of the
studies afterGDPRcoming-into-force report on data protection. Ethics procedures
remained consistent with most researchers reporting the approval from their home
university committee and stating the Declaration of Helsinki as followed guide-
lines. Overall, the verifiable impact of GDPR was found negligibly small, with
only 0.5% of studies referring to the regulation in the two years after introduction.
Conclusively, further research is suggested to focus on integrating ethics and data
protection guided on GDPR from an early conceptual stage to the reporting of the
findings.

Keywords: Serious games · Scoping review · Data protection guidelines ·
Research ethics · Ethics approval · GDPR

1 Introduction

1.1 Two Years After – Effects of GDPR on Serious Games Studies

The comprehensive EU General Data Protection Regulation (GDPR) [44] that came
into effect in May 2018 aims to provide guidance in privacy and data protection and
improve scientific integrity of human-related studies. Since GDPR is believed to have a

© The Author(s) 2020
I. Marfisi-Schottman et al. (Eds.): GALA 2020, LNCS 12517, pp. 372–385, 2020.
https://doi.org/10.1007/978-3-030-63464-3_35

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-63464-3_35&domain=pdf
http://orcid.org/0000-0002-4972-9586
https://doi.org/10.1007/978-3-030-63464-3_35


Two Years After: A Scoping Review of GDPR Effects 373

global impact [25], the question arises to what extent the regulations actually changed
the scientific conduct and the resulting publications at conferences and in journals.

One area of research concerned with evaluating personal data are applied digital
games. Serious Games (SG) have gradually become an instrument for investigation and
scientific analysis. Application in research extends from analysis of learning in games [6]
over investigating the use ofmedication [1] and treat phobias [11] to researching decision
making and team behaviour [16, 27]. Nearly all SG research is thereby affected by the
GDPR as not only experiments with in-game assessment [27] involve data collection but
also qualitative interviews that utilise games as a proxy to elicit information [28]. Other,
more interactive, research approaches such as participatory SG creation workshops [9]
equally require recording participant behaviour.

This paper is thus concerned with investigating the impact of GDPR on scientific
reporting of Serious Games (SG) research. With a scoping review [41] of SG studies
between 2016 and 2020, split to before and after GDPR came into effect, the reporting
of ethics standards and data protection is analysed.

1.2 Research Ethics and Data Protection – Authorities and Guidelines

While for data protection, the legal frame has been laid out more precise with GDPR,
guidelines on research ethics are more diverse and loosely defined. Whereas the APA
code of conduct, for example, combines guidelines on ethics with data sharing/privacy
[5], many European nations regard the two aspects separately. This becomes evident
when exemplary, looking at Northern Europe. In Sweden (datainspektionen.se), Nor-
way (datatilsynet.no), Finland (tietosuoja.fi), and Denmark (datatilsynet.dk) data pro-
tection is supervised by a single authority. On the other hand, there are generallymultiple
regional research committees and ethics authorities of different scientific or professional
fields. While Sweden just recently moved to a single nationally controlled committee
(etikprovningsmyndigheten.se) to administer ethics approvals other Scandinavian coun-
tries such as Denmark (nvk.dk) and Finland (tukija.fi) maintain a distributed structure
with several regional committees.

Data protection, instead, is supervised much more centrally with single authorities
per country that have adopted the GDPR legislative even if not an EU member (e.g.
Norway). The far-reaching scope of the regulation may be attributed to the principle of
territoriality, which effectively protects every EU citizen with the GDPR even if the data
processing party is non-EU related [34]. Thus, researchers from other countries must
comply with GDPR if European participants are included in the study. Therefore, it can
be assumed that research practices and reporting have adapted widely since coming into
force of the regulation.

Much like the diverse structure of ethics boards, numerous ethical guidelines are
potentially applicable in the research context. ConcerningSeriousGames, human-centric
research is mostly either medically oriented or related to social science. Ethical consider-
ations regarding vulnerable groups such as children or elderly become specifically rele-
vant when considering Exergames [43]. These SG are developed for improving health or
medical conditions and are often researched in clinical trials. Such SG research does not
differ from other medical research settings and must follow the same ethical standards.
A basic foundation for a medical code of conduct was laid with the Nuremberg Code



374 P. Jost and M. Lampert

[37]. However, more actual and elaborated ethical guidelines that are widely quoted in
research are the Declaration of Helsinki (DoH) [48] and Good Clinical Practice (GCP)
[21] on a worldwide perspective as well as the Clinical Trials Directive in Europe [22].
While the DoH is widely followed in medical research, there has been controversy
regarding conflicts with other codes of conduct. Such conflicting guidelines, for exam-
ple, exist in the UNESCO Universal Declaration on Bioethics and Human Rights [42]
and the guidelines of the Nuffield Council [14]. The USA, for example, do not support
the regulations any further but instead recommend the orientation on GCP and their own
Common Rule [45].

1.3 Research Objectives

As has been outlined, GDPR is a far-reaching directive which is affecting all SG
researchers that collect data from European participants. SG researchers are thus com-
pelled to report on their ethical conduct and data protection when publishing articles
to respect publication ethics [32]. This paper is therefore concerned with analysing SG
research in the last two years (June 2018 to June 2020) and compare research practice
with an equal number of SG studies before GDPR came into effect on May 25th, 2018.
A scoping review is conducted as the scientific approach to analyse the broad body of
research since 2016 for ethical reporting practice [29]. The specific aim of this review
is to give insight into the following questions:

1. What are the reporting practices in SG studies from 2016 to 2020 regarding ethics
approval, ethics guidelines and data protection?

2. Which ethical principles/guidelines and data protection policies are most reported
in SG studies, and are there notable changes after GDPR introduction?

3. How did the coming-into-effect of GDPR affect SG publication ethics concerning
reporting the data protection policy or ethical conduct?

2 Method

The scoping review methodology is suitable for gaining insight into applied research
concepts and policies as it is concerned with analysing a large body of literature [4]. The
following sections outline themappingmethodology followed in this study, as suggested
by Peters et al. [31]. According to the guidelines, no quality appraisal was conducted
for the studies. Potential bias influences are further reduced by the lexicometric analysis
approach [46]. A preliminary search of existing overviews of ethics reporting in SG
studies was conducted in all search engines applied for the SG study search but did not
find any hits on the specific topic.

2.1 Information Sources and Search

The keyword search was conducted on different online databases with a time limit from
2016 to 2020 while using the university internet connection to have broad access to
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full-text publications. The search results were downloaded with Zotero reference man-
agement software (zotero.com) that automatically retrieves accessible full texts when
importing the records. To get a comprehensive overview of reporting practice, the most
popular SG terms were defined as keywords, and no further limitations were made in
the search strings. Table 1 lists the search engines and search strings for the search that
was conducted on May 6th, 2020.

Table 1. Searched databases and applied search settings

Online databases URL Search strings applied to all
databases

ACM Digital Library dl.acm.org “serious game”; “serious games”;
“applied game”; “applied games”;
“exergame”; “exergames”

Web of Science apps.webofknowledge.com

Science direct sciencedirect.com

Scopus scopus.com

IEEE Xplore ieeexplore.ieee.org

2.2 Screening and Eligibility

The broad search strategy resulted in duplicates which were excluded at the screening
stage. Also records not relevant for examining research ethics reporting such as book
chapters or reports were defined and excluded (see Sect. 3.1). Moreover, all entries with-
out full-text access were excluded at screening since ethics approval and data protection
are generally not reported in title or abstract. Finally, review studies and studies not
reported in English were excluded.

2.3 Data Analysis Process

Selected studies are building a literature corpus that is divided into two subcorpora before
and after the coming-into-effect of GDPR. The applied process corresponds to the corpus
linguistic approach [40] on a closed, large collection with authentic and representative
language. The subsequent lexicometric analysis follows suggestions of Dzudzek et al.
[19] and Wiedemann [47] by (1) calculating frequencies of terms regarding research
ethics and data protection reporting, (2) key phrase-in-context analysis and (3) com-
parison of the reporting trends before/after GDPR between the two subcorpora. For the
context-observing content analysis, the key terms listed in Table 2 were applied on both
subcorpora with the software MAXDictio (maxqda.com). The included records were
first imported, and meta-data analyses regarding study characteristics were performed.
Successively, frequency examination was run with the outlined word set on each sub-
corpus separately. The analysis thereby focused on the number of papers reporting the
terminology. Next, key phrase in-context analysis was conducted for discovered phrases,
and related meaning was evaluated. Studies not reporting the respective phrase in the
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intended context were excluded from the result tables and figures. For example, when
data protection measures were not reported concerning the study conduct but rather as
a general requirement in the introduction or when a term was only found in a title in the
reference list. Finally, the comparative trends before and after GDPR coming-into-force
were analysed to answer the research questions.

Table 2. Key phrases applied in lexicometric analysis of SG studies before and after GDPR
coming-into-force

Research ethics & Ethics guidelines Data protection & GDPR

Consent form Clinical Trials Directive Anonymised

Ethics approval Code of Ethics Data protection

Ethics committee Common Rule Data security

Ethical conduct Ethical Guidelines Encrypted

Ethics principles Good Clinical Practice GDPR

Informed consent Guidelines for Research Ethics General Data Protection Regulation

Helsinki Declaration Privacy policy

Nuffield Council on Bioethics Pseudonymised

Universal Declaration on Bioethics

Note.Phraseswere lemmatised (e.g. ethics/ethical), British/US spelling, and lower/uppercasewere
included

3 Results

3.1 Literature Search

The database searches resulted in 20767 citations (Table 3). After exclusion of dupli-
cates, improperly allocated meta-tags were corrected. Proceedings papers listed as book
chapters were classified as conference papers during this step. Mostly, the distinction
was identifiable from metadata as proceedings or conferences were mentioned in the
fields. In rare cases, the full text (if available) was opened for verification.

The subsequent selection process outlined in Fig. 1 left 2186 studies to divide before
and after GDPR coming-into-effect. When splitting according to this date, 1073 studies
were eligible for inclusion since May 25th, 2018. To allow for comparative lexicometric
examination, the same number of studies before May 25th, 2018 were included in the
analysis by going backwards in publication dates. Thus, the resulting cut-off date was
February 8th, 2016 and the 40 studies before that date were excluded. The selection
procedure resulted in two SG subcorpora of journal and conference papers with 1073
before and 1073 after GDPR coming-into-force.
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Table 3. Search results total between January 1st, 2016 and May 6th, 2020

Online
database

Serious
game

Serious
games

Applied
game

Applied
games

Exergame Exergames

ACM Digital Library 437 850 82 35 195 266

Web of Science 1411 2267 43 50 353 487

Science direct 793 1056 141 35 404 404

Scopus 4125 4125 94 94 521 593

IEEE Xplore 437 1304 7 4 63 91

Sum 7203 9602 367 218 1536 1841

Fig. 1. Study flow selection process; steps of screening and exclusion of studies with reasons

3.2 Ethics Approval and Informed Consent

Lexicometric analysis showed that SG studies report little about their ethical conduct.
Only about 29% of the studies before GDPR introduction were reporting one of the
investigated ethical aspects. However, overall ethics reporting increased in the more
recent study corpus, with about 42% of studies reporting at least one of the elements.



378 P. Jost and M. Lampert

This rising tendency in ethics reporting can be observed in Table 4 as all terms were
found more frequently in the more current research. Reporting about ethics committees
and approval has increased, although both still are stated by fewer than 10%. Context
analysis (Fig. 2) then revealed that the vast majority of researchers were reporting to
get approval from a committee at their own university or hospital in both periods before
GDPR [10] and after [26].

Table 4. Percentages of papers before/after GDPR reporting on ethics approval and consent

Terminology Word quantity Paper quantity
(total)

% papers before
GDPR

% papers after
GDPR

Informed consent 451 312 12.4 16.7

Consent form 272 109 4.4 5.8

Ethics committee 221 169 6.2 9.6

Ethical approval 174 149 5.9 8.0

Ethical principles 21 17 0.5 1.2

Ethical conduct 4 4 0.1 0.3

Total % reporting on research ethics in subcorpus: 29.4 41.6

Note. Phrases include singular and plural forms and lower/uppercase variations; % in relation to
subcorpus

0% 20% 40% 60% 80%

Own university or hospital
Unnamed university or institute

Specific regional committee
Unnamed local committee

Reporting that no approval necessary
Reporting unnamed committee but ID

Reporting approval but no further information
National Committee

% of total ethics approval reporting before GDPR % of total ethics approval reporting after GDPR

Fig. 2. Ethics approval reporting before/after GDPR in per cent of total reporting per subcorpus

Moreover, two trends became apparent when looking at the approval bodies and
comparing before and after subcorpora:

First, researchers are turning more towards not naming the committee but rather
stating only that a university has approved [7]. Second, the reporting becomes more
diverse with researchers indicating the reference number of the approval document but
not the approval body [49] and others reporting just approval without any other informa-
tion [2] or stating an approval was not necessary [17]. Generally, it can be noticed, that
roughly half of the studies (51% before and 44% after GDPR) reporting ethics commit-
tee/approval are Exergame studies as compared to only about 20% in each subcorpus
total share.
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3.3 Ethics Guidelines

By analysing ethics guidelines reporting, even fewer studies can be found that refer to
that aspect. About 100 studies of 2146 in total are reporting the application of ethics
guidelineswhich is only 3.6%before and6.3%of theSGstudies afterGDPR introduction
(Table 5).Again, the proportion of Exergame studies in the rare papers that refer to ethical
guidelines is high, with about 60% in the before and 47% in the after subcorpus. SG
researchers are only reporting with four of the nine examined phrases. None of the
studies has directly stated to follow the Clinical Trials Directive, the Common Rule,
any national or international Guidelines for Research Ethics, the Nuffield Council on
Bioethics, or the Universal Declaration on Bioethics (UNESCO). Context investigation
then disclosed that the Declaration of Helsinki (DoH) was by far the most cited ethical
code reported before [8] and after the GDPR effective date [12] (Table 5).

Table 5. Percentages of papers before/after GDPR reporting on ethical guidelines

Terminology Word quantity Paper quantity
(total)

% papers before
GDPR

% papers after
GDPR

Declaration of Helsinki 105 84 2.6 5.2

Ethical guidelines 22 13 0.5 0.7

Code of ethics 18 1 0.0 0.1

Good clinical practice 10 6 0.3 0.3

Total % reporting on ethical guidelines in subcorpus: 3.6 6.3

Note. Phrases include singular/plural and lower/uppercase variations; % in relation to subcorpus

3.4 Data Protection

In the concluding analysis of data protection coverage, the authors of SG studies showed
an equally reduced reporting behaviour as for the ethical guidelines (Table 6). Although
there is a small increase in data protection reporting between the two study collections,
both are at low percentages. Only about 3.7% (before) and 5.6% (after) report on the
data protection aspects that were examined. The share of Exergame studies in reporting
data protection is, however, lower as within reporting of ethics committees/approval and
ethics guidelines. In the period before GDPR introduction, eight studies or roughly 27%
and in the period after nine studies or about 19% are concerned with Exergames when
reporting on data protection.

Examining the context of data protection phrases revealed that authors emphasised
most the anonymisation of study artefacts such as transcripts [30], spreadsheets [38],
blog-posts [35] or usage/interaction and activity profiles [24]. In both sub-collections,
studies only sporadically reported on anonymisation of participantswhile also sometimes
referring to “anonymising” when actually “pseudonymising” was performed [39]. Only
two studies reported concrete pseudonymising after the GDPR introduction [13, 20].
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Table 6. Percentages of papers before/after GDPR reporting on privacy and data protection

Terminology Word
quantity

Paper quantity
(total)

% papers before
GDPR

% papers after
GDPR

Anonymised 71 56 2.0 3.3

Data protection 46 12 0.5 0.7

Encrypted 43 21 1.0 0.9

GDPR 26 5 0.0 0.5

Data security 15 3 0.3 0.0

Privacy policy 5 1 0.0 0.1

Pseudonymised 2 2 0.0 0.2

Total % reporting on data protection in subcorpus: 3.7 5.6

Note. Phrases include upper/lower case and British/American spelling; GDPR was counted only
once when both full phrase and acronym was reported in one paper; % in relation to subcorpus

Equally rare was coverage about encryption with only 1% of authors referring to it in
each subcorpus by describing, for instance, secured communication [15] and encrypted
storage context [23].

As regards compliance with GDPR and reporting thereof, none of the studies in
the subcorpus before the GDPR effective date were found mentioning the regulation.
However, remarkably there were also only five studies in the two years after GDPR
coming-into-force that reported some form of compliance with the directive. By exam-
ining the characteristics of GDPR usage in these studies, it became apparent that the
regulation was referred to in terms of compliance [18, 36] but also to clarify privacy
requirement [13], identifying the twoGDPRdata-related roles (controller and processor)
in connection with the study [15] and demands concerning data storage [20].

4 Discussion

In the light of the outlined findings, it can be noticed that all three investigated areas,
research ethics, ethics guidelines and data protection are in general reported in a mini-
mal range. Analysis of the broad collection of studies between 2016 and 2020 revealed
little support for changing trends in reporting practice of research ethics or data protec-
tion. Researchers kept referring to Serious Games for their game-oriented studies while
Exergaming claims a stable share and the term Applied Game did hardly gain a foot in
the community. Concerning the first research question, lexicometric analysis showed a
minor rising trend reporting ethics approval and informed consent.

However, the slightly higher quota of journal articles in the after GDPR study col-
lection could have contributed to this under the assumption that authors report more
details in journals than in conference papers. The most important ethics approval board
for SG researchers before and after GDPR introduction remains their home university
ethics committee. There is, however, some indication that designating the approving
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body generally becomes less regarded. Although SG research is predominantly human-
centred, only between 10 and 15% of studies are reporting on their ethics approval or
informed consent. There is also no evidence from the comparative before/after analysis
that would indicate a fast or considerable change of practice. This could present a consid-
erable hindrance for SG applied in research to be trusted as effective and ethically sound.
Especially considering that often children, elderly or disabled people are the ones who
should benefit from SG. Thus, instead of keeping a low ethics reporting profile, ethical
conduct should become an integral part of a SG from the start. In-game informed consent
and modular game structures with secure data communication as well as pseudonymised
storage of data should become the basis, not the exception of SG research. A transparent
process for participants that also involves briefing and debriefing during a research-game
session is an attainable objective.

The second question asked on reporting of ethical guidelines and privacy policies
can be answered with clear findings from this review. About 80% of studies reporting
guidelines declared to follow the DoH. There is no indication of a change of this from
the data analysis. Rather, a consistent picture has been revealed over the last four years
of SG research. However, the overall reporting of followed ethical principles remains
very low (< 6%) in SG studies.

Regarding the third question and data protection policy, there was no preferred
use/reporting of guidelines visible in neither the subcorpus of SG studies before nor after
GDRP introduction. Data protection and privacy policy are extremely rarely addressed
with only one study out of 2146 reporting on privacy policy [33]. Although the GDPR
was broadly discussed long before the date of coming-into-effect [3] authors of the
examined SG studies chose not to participate in this discussion. Equally remarkable,
two years after the binding regulation has come into force, only five studies out of about
a thousand are referring to the directive. Indeed, that is the impact of the GDPR on
SG publication revealed from comparatively analysing the two study-sets. The findings
do not allow for conclusions on a general rising trend in ethics reporting as practices
from other time periods would need consideration in this regard. Yet, a considerable
contribution from GDPR to such a potential trend could not be found in the data of this
study.

Since the results on reporting of ethics and data protection are concerning, it is
suggested to repeat the scoping review protocol of this study in a two-year interval to
investigate the course of impact of GDPR.At this point, however, Albrecht’s [3] question
of howGDPRwill change theworld can be answered from the perspective of SG research
reporting: If at all, then hardly noticeable.

5 Conclusion

The conducted scoping review has provided insight in ethics reporting practices of
Serious Games researchers. While researchers showed some increase in reporting on
parts of scientific integrity, there was no substantial change found when looking at the
writing about ethical guidelines, data protection or the GDPR. Aside from finding only
marginal change fromGDPR, the scoping reviewhas found thatmost SG researcherswho
report on ethics obtain ethics approval from a review board at their own university and
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follow the Declaration of Helsinki. The outlined problems of conduct and transparency
could be addressed in future studies by not only making the situation visible but by
supporting SG creation in research with ideation toolsets that include data protection
advice and building blocks that comply with GDPR from the very beginning of the
development. Ultimately, with GDPR, there are now clear data protection regulations
that can be operationalised. Since designing SGs frequently involves matching rules
of a domain into a game, data protection rules can be part of the balancing process.
Accordingly, this process could then be facilitated with design toolsets oriented on SG
research.
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Abstract. In this paper, a new serious game (SG) called Office Madness, is pre-
sented. The game is about learning basic and advanced concepts of the program-
ming language C++. Its designwas carried out using the EFMdesignmodel, while
its pilot evaluation was carried out using the MEEGA evaluation model. The main
goal of the game is to introduce users to the C++ programming language in a fun
and serious way. In contrast with most of the existing programming SGs that are
based on puzzles, this game uses an office metaphor and the player undertakes the
role of a candidate programmer. The game uses techniques and mechanisms that
ultimately aim to stimulate the learner’s sense of seriousness and responsibility
when learning C++ and not just to entertain him/her during training.

Keywords: Serious game (SG) · Programming · C++ · Serious game design
model · Serious game evaluation model

1 Introduction

Video games aim to satisfy the feeling of fun and are now part of everyone’s life, with
universal acceptance and use. Serious games (SGs) are a special category of video games
that aim not only at entertaining, but also at educating [1]. SGs are designed from the
ground up for a different purpose than simple entertainment, usually with the help of a
special design model, like EFM (Effective learning environment, Flow experience and
Motivation) [2]. They are computer-based mental games that are based on specific rules
and use the fun factor simply as a driving force to make it easier to convey educational
content to users, in several areas such as education, health, business, politics, etc. [1].
However, although the main purpose of SGs is education, they are still video games
in which the entertainment factor must be at a high level in order to be attractive and
entertaining [3].

This paper is about designing and implementing a SG for learning the programming
language C++. There are several games that undertake to train users in a programming
language. Most of these games use entertainment as the driving force to keep players
from getting tired during their training. But what does “fun” mean? It is a fairly abstract
term that cannot be easily measured (let alone designed, implemented and ultimately
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displayed on the screen) while being greatly altered by many factors, such as content,
age, occupation, psychology, motivation. In some cases, the type of “fun” in a gamemay
be repelled by certain groups of users because these groups cannot be identified with the
offered type of entertainment. The bottom line is that there are various types of players.
The BrainHexmodel [4] attempted to group players from a sample of 50,000 players into
“archetypes”. Each archetype has commoncharacteristics on games and therefore prefers
certain types of games. The proposed game satisfies mainly the following BrainHex
archetypes: the Achiever (goal oriented, long-term achievements); Mastermind (puzzle
solver, efficiency based); and the Seeker (memory, patterns). In the game proposed in this
paper, a harmonious combination of educational content with several realistic elements
is attempted, which is expected to arouse interest and motivate the user to move forward,
while at the same time enhancing the seriousness and responsibility for what the player
wants to achieve.

The rest of the paper is structured as follows. In Sect. 2, a brief review of serious
games for programming is presented. In Sect. 3, the design of the game is analyzed, while
in Sect. 4 the pilot evaluation of the game is presented using the MEEGA evaluation
model [5]. Finally, in Sect. 5 some conclusions are drawn.

2 Relevant Work

Several SGs that aim to teach programming concepts or even specific programming lan-
guages are available nowadays. The existing games are targeted to specific ages, usually
beginners or kids. Most of the games refer either to popular programming languages,
such as Java and Python, or the well-known interlocking blocks provided by Blockly.
Consequently, all the games provide some kind of text editor or an editor for dragging
and dropping interlocking blocks that correspond to programming concepts/constructs.
The majority of the SGs for programming are puzzle games, but there are also some
games that use the mechanics of a typical platform or RPG video game in order to
transfer educational content through a motivating scenario.

SQL Island is a text-based adventure game aiming at teaching the SQL query lan-
guage. Robocode [6] is a multiplayer programming game, where the goal is to program
a robot in order to compete against other robot tanks, programmed by other users in Java
and C#. ColoBot is a puzzle adventure game and the technological evolution of CeeBot,
that uses a pseudo-language that is similar to C++ and Java, called CBOT. Lightbox is
an isometric puzzle game, developed for Web, iOS & Android. Hakitzu: Code of the
Warrior is a turn-based strategy game, where users have to create their own robot, which
they have to train in order to battle the robots of other users. Codespells is an action
adventure game, developed for Windows & MacOS X, which trains users in the Java
programming language where the players take on the role of a wizard in a country full
of gnomes. Human Resource Machine is a cross-platform commercial programming
puzzle game where the player takes the role of a corporate office worker, assigned to
perform tasks in order to get promoted. The tasks include moving objects that corre-
spond to commands in order to assemble complex instructions, like as in Assembly.
Code Hunt is a programming puzzle game for Java and C#, in which the player solves
programming puzzles in a predefined amount of time, with the aid of some clues in the
form of predefined results.
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In this paper, the SG Office Madness is presented. The game is a hybrid job & pro-
gramming simulator, which trains users in the C++ programming language. In contrast
withmost of the programming SGs that are based on a fantastic scenario, OfficeMadness
gives emphasis on realism.

3 Design of the Serious Game Office Madness

Office Madness is a hybrid job & programming simulator. The user plays the role of
a candidate programmer who is trying to get hired by a software company. The main
inspiration for designing Office Madness came from the successful commercial video
games “Papers, Please” and “Not Tonight”. The main features of these games are their
minimalistic graphics, the realistic scenario and game mechanisms, the sense of respon-
sibility and the daily struggle the player must show while playing, which makes these
games addictive. The design of Office Madness was based on the features of the afore-
mentioned games to present a game with a realistic scenario and mechanisms, having
as main purpose to stimulate the players’ sense of seriousness and responsibility, along
with their sense of fun. Moreover, the EFM design model [2] was taken into account. In
this design model, a connection betweenmotivation, flow, efficient learning environment
and educational game is described, aiming in a better process of user learning. Due to
space limitations it is not possible to analyze how Office Madness implemented the
EFM characteristics, but some of them are referenced in parentheses using italics while
describing the game.

Based on the game scenario, the candidate programmer has applied for a job in
the company for one of the following positions: Entry level or Junior developer. This
indirectly plays the role of the game’s difficulty level, as it presents a different educational
content and tasks, based on the selected position by the user (balance of challenge &
skills). The company tests the candidate employee for a period of one (1) day, evaluating
him/her through a number of programming assignments, in a virtual working office. The
candidate employee is required to complete the assignments correctly (specific goals and
procedures) and within an in-game time frame of eight (8) h (working schedule of 07:30
to 15:30), which lasts, roughly, about thirty (30) minutes in real-time (constant sense of
challenge). This doesn’tmean that the trainee cannotfinish earlier than the endofworking
schedule, which happens if he/she completes all the programming assignments. In this
case, the game proceeds with the candidate’s evaluation. The user can save the current
progress for continuing another time, simply by clicking the appropriate application
(save) on the virtual monitor. After the final evaluation of the candidate, the user can
still load a previously saved game, for reasons of improvement (motivation).

The programming assignments take the form of small code snippets written in
C++ and (usually) have syntax problems. The user must correct the problematic parts of
the code in the built-in code editor (Fig. 1), then compile the code by using the built-in
compiler & submit it for evaluation (autotelic experience).

After a code submission, the user is informed about the result of the evaluation, which
can be either positive or negative (unambiguous feedback). In the case of a negative
result, the user is presented with a description box, showing the error(s) and some
hints for correcting them. In a negative evaluation, the code editor displays the correct
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Fig. 1. Virtual built-in code editor

output for the task (if there is an output), as well as a list of corrections e.g. “the x()
function doesn’t exist”. The educational content (XML file) contains a number of coded
commands for validating code correctness, for each task. When the user’s code needs
to be validated, those validating commands are executed on written code, building and
displaying an appropriate text of hints for all the user’s errors. The tasks have a specific
order of appearance, which doesn’t change in a new game. However, the trainee may
elect to skip some tasks, leaving them for later. The game doesn’t take into account the
trainee’s performance in order to change the sequence of tasks, for reasons of realism. In
real-world interviews, the candidate is usually asked to solve some predefined problems
in specific time and order, and this is essentially simulated in the game. At the end of the
day, the user is informed about his/her evaluation with a success rate and he/she is either
hired or rejected (motivation). The users are trained in new programming concepts by
reading the programming guides that appear gradually, found under a directory on the
virtual monitor’s desktop. Each guide is presented as a, properly named, virtual PDF
file. The name describes its educational content.

The game doesn’t maintain a score or ranking list among players, as it gives emphasis
on realistic procedures and the seriousness of the situation (virtual interview). However,
in a future multiplayer version of the game, a ranking list could be introduced, such as
the points scored by each candidate for the job.

The game takes place entirely in a 2D environment, simulating the virtual office of
the candidate employee, having all the tools at his/her disposal to complete his/her work
(sense of direct interaction with the environment). These tools include the computer
monitor, the C++ code editor, the built-in compiler, the programming guides to read
from, the programming assignments and current time. The game’s environment was
deliberately designed to be simple, almostminimalistic, with few and repetitive functions
for the user, however as realistic as possible. The goal in future versions of the game
is to increase the number of these functions, adding to the necessary complexity and
challenge, but still keeping an eye on realism. The game supports English and Greek,
requires Windows with OpenGL 2.0+ support to run and its storage requirements is
about 30 MB. The educational content of the game is stored in an external XML file.
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This implementation allows themodification of theXMLfile to support different content.
For example, various XML files could be created, with educational content focused only
on specific C++ programming concepts, however with greater coverage. In technical
level, the system uses the C++ library PugiXML [7] to manage its XML content. The
main reasons of using it was the flexible license (MIT), its extended portability, the
widespread usage and finally its full Unicode support, allowing the game to display
content in other languages (e.g. Greek). The game evaluates the accuracy of the source
code that is written by the user, using the C/C++ compiler from Digital Mars [8]. This
compiler runs only in a command line environment and is used to compile and execute
the players’ code snippets. The executable output that is generated, as well as specific
sections of text the user must have written in the code snippet, are evaluated by Office
Madness for their accuracy (intensity of interaction & feedback). The overall result at
the end of day leads to the hiring or rejection of the candidate developer by the company.

4 Pilot Evaluation

For the pilot evaluation of the game, the MEEGA evaluation model [5] was used. This
model aims at the evaluation of educational games [5, 9], and it provides useful feedback
through a properly structured questionnaire. The MEEGA questionnaire includes ques-
tions that have been classified into a set of quality factors & dimensions. Themotivation
quality factor includes the dimensions attention, relevance, confidence and satisfaction;
the user experience quality factor includes the dimensions immersion, social interaction,
challenge, fun, competence and digital game; and the learning quality factor includes
the dimensions short-term learning and long-term learning. The questions of the social
interaction dimension have not been used, as the game doesn’t support social interaction
(single player game). The questions use a five-point Likert scale, where: 1 = strongly
disagree, and 5 = strongly agree.

An invitation with a link for downloading the game and a link to the questionnaire
(Google Form) was sent to MSc students that had attended a course on “Serious Games
Programming”. Eleven students (10 male, 1 female) older than 18 years old (4 in the age
group 18–28, 4 in the age group 29–39 and 3 in the age group 40–50) played the game
and filled in the questionnaire anonymously over a period of ten (10) days.

The pilot evaluation showed that the game did well in most dimensions, achieving a
median of 4. The best performance was achieved in the dimensionsAttention, Relevance,
Confidence andDigitalGame.However, in the dimension of Immersion, the game did not
perform so well, having the worst performance with a median of 2 on fully concentration
on the game, and a median of 3 on losing the sense of time and surroundings. It is clear
that accomplishing a high degree of immersion is quite challenging and further work is
needed for the specific game. Moreover, the game has to be play-tested and evaluated
by more end-users in order to draw safer conclusions regarding the motivation provided,
user experience and learning.

5 Conclusions

Several SGs have been developed for introducing novices to programming. Most of the
SGs refer to young students and aim to cultivate computational thinking skills through
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programming [10]. Fewer games for programming are targeted to real world program-
ming languages, such as C [11]. The study presented in this paper aimed at the design
and pilot evaluation of a SG for supporting the learning of C++. The game, called Office
Madness, aims to stimulate the players’ sense of seriousness and professional respon-
sibility. The design of Office Madness was guided by the EFM model, while its pilot
evaluation was based on the MEEGA model. The eleven participants of the pilot study
evaluated positively the game and made clear that more mechanisms are needed in the
game in order to more successfully immerse the player. However, it is clear that in order
to draw safer conclusions about the overall quality of the game, an evaluation with more
participants is needed.
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Abstract. Over the last decades, video games have become a pervasive part
of society. Today they represent one of the biggest sectors in the entertainment
industry and their market share continues to increase. Archaeological content has
been often used as a triggering subject but archaeologically inspired interactive
entertainment titles are often an outlet for some of the worst kinds of pseudo-
archaeological ideas (e.g. Tomb Raider series). Given the significant numbers of
the video gaming industry, an evident fascination with the past by designers and
consumers of games, and a marked risk of archaeology misconception, I sug-
gest archaeologists should engage more with this medium and especially in SGs
becoming the domain experts who select the educational contents and provide sci-
entific validity and reliability. The paper focuses on the Italian experience in the
last years where archaeological SGs are finally getting more academic recognition
and underlines the positive effects of this approach in terms of educational goals
for both kids and adults, widespread accurate knowledge for a wider and more
diversified public, and eventually touristic outcomes. These are all aspects that
the most recent and significant European conventions and documents concern-
ing cultural heritage sustainable development stressed. Archaeological sites and
museums can be greatly benefited by the use of SGs as much as archaeologists: as
active agents in this process, they can inject ameasure of ethical archaeology in the
game industry and reach groups of people that, traditionally, have been relatively
untouched by previous public education and outreach.

Keywords: Serious games · Archaeology · Heritage enhancement

1 It Could Work!

In the twenty-first century video gaming has become a major component of Western
lifestyles. Today they represent one of the biggest sectors in the entertainment industry
and their market share continues to increase. According to the most recent report [1],
Italian situation respects these trends: in 2019 the industry turnover was EUR 1.787
millionwith a growth of 1.7%compared to 2018. In this context, a brief perusal of games’
content also reveals themes that often incorporate archaeological content, sometimes
highly accurate, other times (most frequently) not so much. In the last decades, the
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number of multimedia products developed within the archaeological community has
certainly increased. However, the focus on peer-to-peer communication and university-
based courseware has remained quite entrenched. As a result, the increasing public
desire for sensational representations of the human past has been largely fulfilled by
commercial interactive media producers that rarely have anywhere near the level of
expertise necessary to produce titles that conform to the high content standards that
archaeologists desire and that archaeology deserves.

Given the above - the significant numbers of the video gaming industry, an evident
fascination with the past by designers and consumers of games, and a marked risk of
archaeology misconception – we, as archaeologists, would be well advised to engage
further with the world of gaming. It is not a coincidence that video games, or better, SGs,
are a growing concern in academic research and present a considerable attraction for
archaeologists who wish to present their research to audiences that may not be engaged
with other forms of academic literature or media regarding archaeology [2–4]. The path,
especially in Italy where these topics are still in an experimental stage, hasn’t been easy.
However, what Watrall stated back in 2002 with respect to the US [5] applies nowadays
for Italy too: in fact, the recent development of institutionalized public archaeology
programs has had the potential not only to face the interactive entertainment industry’s
increasing encroachment into archaeology but also to change the sentiments that many
archaeologists hold toward interactive entertainment.

The above concerns, as well as the primary thrust of this discussion, is that archae-
ologically inspired interactive entertainment titles are often an outlet for some of the
worst kinds of pseudo-archaeological ideas. One of the most obvious examples of this
is the Tomb Raider series and its featured “archaeologist” Lara Croft which had a mas-
sive impact on the public’s perception of archaeology and archaeologists. Given that I
totally believe that it remains necessary to work in a multidisciplinary team since a SG
requires a complex mix of professional skills, isn’t perhaps time for us archaeologists
to contribute to creating accurate narratives about the past through SGs?

In this paper, I will try to highlight the advantages that can derive from this approach
from an archaeological perspective and underline the benefits of an archaeological SG
in terms of educational goals for both kids and adults, widespread accurate knowledge
for a wider and more diversified public, and eventually touristic outcomes.

2 Making Learning Fun

In the last years, SGs in the archaeological heritage domain in Italy have received more
and more attention, gaining the interest of museum institutions, academics, and local
administrations. They appear in a wide variety of forms, spanning from trivia, puzzles
and mini-games, to engage in interactive exhibitions/visit, to mobile applications for
museums or sites motivated by some reward/engagement mechanism, to adventures set
in faithful reconstructions and/or digital counterparts of real sites [6].

The popularity of video games, especially among younger people (digital natives),
makes them an ideal medium for educational purposes. All the researchers tell us kids
learn things through play: they learn to interact with each other, to follow rules, the
executive functions and problem-solving skills. Video games are successful because they
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seem to address today’s approaches to challenges and are consistent with the needs of our
time [7]. Moreover, SGs can provide player engagement by creating a fun experience for
users while also supporting them to achieve learning objectives [8]. That is why games
can also aid in familiarizing young and adult people with specific cultural heritage topics,
and significantly increase their interest levels and engagement. The main feature of a SG
is, in fact, its objective of supporting the player to achieve learning targets through a fun
experience. The fun aspect of a SG can be determined by several factors like storyboard,
graphics, usability, collaboration/competition mechanisms, and interaction devices [9].
The learning aspect implements a pedagogical approach, by structuring the educational
content and organizing its presentation. An appealing and meaningful environment, a
compelling narrative, and a suited and intuitive interaction paradigm are the three main
elements to create engagement. Moreover, SGs for cultural heritage seem particularly
suited for the affective domain. Empathy with a game character and plot may be very
helpful for understanding historical events, different ancient cultures, problems, and
behaviors, on the one hand, and the beauty and value of the past, architecture, art, and
heritage, on the other one. Adventure games are particularly suited to implement the
“learning by doing” approach, which is related to the constructivism theory, where the
player learns by constructing knowledge while doing a meaningful activity [8]. In this
approach to education, the learner does not passively receive information but rather
actively constructs new knowledge by finding information in the game, understanding
it, and then applying the new knowledge to fulfill tasks [10]. Moreover, SGs allow a
personalized approach to learning: in most cases they can be consumed at home or at
school, or both; a game can even be played partially at school, in small groups and with
the support of the teacher, and partially at home for example as a tool to review the
acquired knowledge.

3 Who Wants to Play?

Archeologists have their area of expertise regarding the historical and archeological
content, the narrative, the storytelling. However, while designing a SG, different pro-
fessionalism and different competence are essential for a good result: the technological
aspects should be determined by other professionals whose knowledge about the game
industry better fits the requests. Since we, as archeologists, are entering a completely
new way of communicating, we have at least to understand the “new rules” of video
game form. Knowing the audience we are addressing is fundamental, as it is crucial in
every practice of communication, however, one of the main risks is to be too didactic
since we are used to telling historical events and explain processes. In a SG, this would
be totally wrong. In that case, in fact, you have to create the system to show the player,
don’t tell them.

Public engagement and the communication of the archaeological data have been
on the top list of the major concern in Italian archeology debate in the last decade
and the natural development of multiple strategies exploiting different mediums was a
natural consequence of this new experimental attitude in which technology has been
playing a central role. Video games, in particular, are a form of new media, whose novel
affordances facilitate active participation and agency through player interaction with
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both content and digital systems, thus providing the player with the ability to direct or
alter the course and outcome of the game as it progresses. The thrill of discovery and
exploration combined with the opportunity to relive the past is something that appeals
both on an instinctive and emotional level. Video games have played into this desire in
several ways because they allow players - young and adults - to immerse themselves in
the experience: in case of a SG set in the past, the authenticity of the space (whether
stylized or not) and of the narrative is fundamental. In this sense archaeological expertise
becomes essential and it can be easily translated both in set dressing and in information
conveyed through boxes, dialogues, meaningful objects, etc. [11].

In order to encourage an actively involved player, free to explore and to interact, the
creation of a “safe” setting in which errors, mistakes, wrong moves are allowed and have
no “real” consequences is necessary. This “safe virtual space” is also supported by the
“avatar” or in general by the possibility to play through someone else (a character) and
with an interface screen that provides you the “right distance” between what is real and
what is not.

4 From Virtual to Real and Return

According to recent studies, as in the case of films or books, video games should be
considered as a driver of tourism [12]. A very recent survey of 827 Italian gamers con-
firmed that the majority of them (79,9%) are willing to visit a place they got to know
through a video game and that 47,9% already did [13]. This possibility deserves to be
carefully considered and exploited for many good reasons: to enhance the knowledge
and the value of cultural heritage in general, to address public engagement and audience
development, and to promote archaeological sites, parks, museums. The development
of public archaeology as a field of study and the significant European conventions and
documents released in the new millennium [14, 15] contributed to placing sustainable
development through the promotion of cultural heritage at the center of the archae-
ological discourse. The commitment to public participation is of pivotal importance
for archaeology, given the need to clearly demonstrate the extent of its economic and
sociocultural impacts.

Once again, archeological SGs can be a strategical asset for achieving these objects.
Games, in fact, are increasingly being played on mobile devices and this occurrence
has a great potential to engage museum visitors. Mobile applications typically feature
images, QR codes and exploit GPS position. One popular type of feature in this per-
spective is “location-gaming”: the mechanic is that players go to places, do fast, simple
tasks and win a reward. The possibility given by this mechanism motivates players on
one hand and concretely involves cultural spaces on the other. This also allows muse-
ums, cultural institutions, and even local administrations to make themselves known, to
develop a network of multiple connections, and to share common benefits deriving from
this growth.

The “visiting time expansion” is another very interesting key point and it is probably
the litmus test for the effectiveness of the SG project, because it allows us to evaluate
what links the virtual scenario offered by SGs and the real space they represent. A SG
offers the opportunity to expand visitors’ time “in” the site and it can provide further
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information about it (potentially much more than any guide can do during a generic visit
– just think for example of the Assassin’s Creed Discovery Tours - and more fun than a
book for the majority of people). Moreover, it gives players the chance to choose when
to access that information: before, after, or during the visit. SGs can be adjusted and
conceived to offer a tailored experience and to overcome time and space limitations.
However, as we have seen, SGs can also be extremely convenient to engage a larger
and more diversified audience and by doing so, to attract the public and bring people
physically to specific places.

5 Conclusions

While several archaeological SGs have been developed in the last years, still the literature
stresses a lack of significant, extensive user tests. This applies all the more to Italy where
SGs are now slowly starting to be recognized as effective tools and applied in the field
of cultural heritage enhancement. Further research is necessary to investigate in greater
detail the real effectiveness of the various types of SGs, to define a methodology based
on metrics and evaluation tools [16], even more so those with archaeological content.

Having said that, SGs are an acknowledged tool for several purposes. Amongst this
range of possibilities, they can meet archaeological aims and so, represent an extraordi-
nary medium for archeological heritage enhancement too: they are a potential for public
outreach and education, because they can strongly motivate learners and create aware-
ness about a topic; they can also provide immersive environments where a large variety
of users can practice knowledge and skills; they can be used as an asset to promote
tourism and sustainable cultural heritage development. The design of a SG requires the
iterative collaboration of various experts with specific competences and skills. A SG
in the archaeological heritage field cannot ignore the domain experts who select the
educational contents and provide scientific validity and reliability. This teamwork aims
at preventing the project from being just a game with an extra layer of pedagogical and
pseudo-archaeological content. There needs to be a new breed of archaeologists who
take an active participatory role, as consultants, developers, andwriters. This is an ethical
responsibility and a very stimulating possibility for archaeologists who are interested in
exploring new ways to engage the public, share their research and promote archaeologi-
cal sites and knowledge: actually, this kind of new interdisciplinary professional profiles
can take up the challenge and, through SGs, create a brand new set of opportunities for
professionals and archaeological heritage. By doing so, archaeologists can also have the
chance to explore how and why creating and communicating through SGsmight provide
powerful new ways to think about, do, and present the past.

In this way, perhaps, we, real Lara Croft (and Indiana Jones), might become “change
agents” in the interactive entertainment industry to ensure the ethical and proper rep-
resentation of the archaeological discipline as well as human culture, both past and
present.
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Abstract. Games and/or play are often used in educational context
as mediation. The resulting teaching or training activities are however
difficult to assess. To set up a model to allow evaluating these activi-
ties, we choose to enrich an existing grid, that was developed in 2006 by
Sara de Freitas and Martin Oliver, centered on pedagogical considera-
tions. We propose to add dimensions relating to the game, the humans
involved, and their interactions with the game. The resulting grid takes
into account COntext, LEarner, Course scenario, Teacher, plaY aNd
Game, making the Colectyng framework. The model was confronted to
literature to see if we could complete the grid and whether all elements
could fit in the model. Altogether our analysis suggest that the colectyng
framework acts as a meta-model that could give a general view and could
facilitate the articulation between more specialized models.

Keywords: Game-based learning · Evaluation

1 Introduction

Game Based Learning (GBL) is a controversial subject, prompting for a rigor-
ous/agnostic framework to evaluate game-based learning activities and tools. As
noted by Tahir and Wang it is not the case yet: “most studies focused only on
one or two dimensions of GBL [...] highlighting the need for a comprehensive
evaluation framework” [23]. One seminal work is the study by Sara de Freitas
and Martin Oliver [7] that considers four criteria: Context, Learner specification,
Pedagogic considerations, Mode of representation (Tools for use). The ‘CEPAJe’
model has then been proposed as an attempt to present a more complete model
[2]. First, a new dimension was added for the trainer, because teachers play a key
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role in the manner in which a play activity is introduced within the lesson and
the debriefing is carried out once the activity has ended [7,21]. Furthermore,
a second entry was added to take into account the key stages in the activity,
namely the brief, activity animation and debriefing. Horizontally, the assess-
ment criteria were put in relation to these key stages. The resulting CEPAJe
model is presented in Fig. 1.

Fig. 1. The CEPAJe model [2]

In fine, the framework should be as exhaustive as possible to allow better
design and evaluation of game-based learning activities. Therefore, the CEPAJe
model is confronted to the literature to test whether it allows to take into account
all the relevant parameters. The underlying hypothesis is that the model
is a form of meta-model. It is therefore expected that: i) taking into account
new data will allow to fill the grid; ii) no element will fall outside of the grid; iii)
Models describing details could be encapsulated in the grid but that the depth
of specialized models might not be completely represented in the general grid.

2 Filling the Grid

We explore here the possibility to fill the grid, i.e. do empty boxes in Fig. 1 cor-
respond to known situations? We also try to see if the framework is exhaustive,
i.e. if there are known situations that do not fit in the framework.

The Context. As noted by De freitas, “it is important to consider all the possi-
ble implications of adopting game-based learning in your practice such as context
of use, duration of study periods, technical support, community of practition-
ers.” [6]. The experience of the organization with games and game-based learning
will therefore impact the activity. De Freitas also noted that game-based learn-
ing involves “greater flexibility not least in terms of learning session durations,
assessment modes and accreditation” [6]. We therefore propose to add ’Technical
context’ to the ’Play skill’ column to illustrate the influence of the context on
the play potential.
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The Trainer. Even though the teacher is not required to play the games, she
must guide play during the activity and provide support for learners. The expe-
rience of teachers with games is far from obvious [22], and therefore needs to
be taken into account. In parallel, the teacher must ensure there is a connec-
tion with the ‘educational scenario’. This implies a specific skill as the successful
association is not easy [18]. The (lack of) play skills and game culture has been
cited as one of the main reasons to not use games in education [20]. The trainer
playskills are therefore important and should be added.

The Learner. A given game can have different signification for different players
[13]. The experience of a ‘game’ used for learning can be dramatically modified
by a participant previous play experience [17,19]. The enjoyment of e-learning
games, or flow, can be considered as shown by the EGameFlow scale [9] or the
EduFlow model [12]. We therefore propose to add flow factors and playskills to
the learner dimension.

The Pedagogy. Defining the pedagogical objective is of course a prerequisite
before the creation of a serious game [4], and should appear in the antecedent
column. There also needs to be a connection between the game mechanics and
pedagogy [3], which might require the possibility to alter the game (see below).
Interestingly, skills can be developed by gamers regarding their fine dexterity
and their aptitude for carrying out several tasks simultaneously [5] or visual
abilities linked to attention [11]. As a consequence, skills developed by the game
need to be studied.

The Game. In term of context, a question that should be asked is who produced
the game, as this might raise ethical issues[15]. The game genre can have an
impact on pedagogical considerations. Indeed, a game that has a sandbox mode
would allow a teacher to design an exercise. We therefore propose to alter the
game culture entry to take into account the game genre. That allows to create an
intersection between the game and trainer/learner/pedagogy. The serious goal
implies that the game needs to be adapted to everyone, including non-gamers
[16] and in case of disability [26,27]. They should provide appropriate challenges
so that the player’s skill level can be easily matched by varying the level of
difficulty [9].

3 Including Other Models from the Literature

This section confront the grid with models found in the literature. Articles were
identified in a literature survey looking for “game-based learning” and (frame-
work or model). The following articles were selected after abstract review:

All, et al. 2015. The study by All and collaborators is centered on assessing the
effectiveness of digital game-based learning [1]. One crucial aspect of the study
is the evaluation of learning outcomes. Learning outcomes, and their evaluation,
is not present in CEPAJe but can be added in the pedagogy line.
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Kiili, 2005. Kiili focuses on flow [14] which corresponds to the learner/play
line. The study identifies three times: Flow antecedents, Flow experience and
Flow consequences that correspond to the briefing, Activity animation and
debrief stages. The term antecedent is however larger than just the introduction
phase and encompass aspect that have been proposed above. We therefore pro-
pose to adopt the name ‘Antecedent’ for the second column. Interestingly Flow
antecedent has three poles (Person/Task/Artefact) that correspond to intersec-
tion between game and learner/play and points to the need to add connection
between boxes (see below).

Gosper, et al. 2012. The MAPLET framework analyses the alignment between
learning outcomes, students’ expertise and assessment methods [10]. The ele-
ments of the framework are: Students expertise, Aims/outcomes, Processes,
activities and Assessment. Each element can be placed in the grid. Student
expertise finds its place at the Learner/Antecedent intersection. Aim/outcomes
are already present but would rather fit under the antecedent category. Processes
and activities correspond to the column devoted to the activity, respectively in
the Pedagogy and Game lines. The assessment is already present at the inter-
section of Pedagogy and Debriefing.

Tan, et al. 2007. The “Adaptive digital game-based learning framework” pro-
poses design principles for game-based learning [24]. The framework explores
two dimensions, learner and game design, that fit easily the learner and game
dimensions. For the learner dimension two essential aspects identified are psy-
chological needs and cognitive development, that match the student expertise
added above. In addition, learning behaviors is proposed as a significant factor
which fits with the flow factors. The game design dimension corresponds to the
intersection of the Game line and the activity column. The task corresponds to
the activity added above, whereas, feedback and narration could be added at
that level.

Foster, et al. 2012. The study by Foster combines two elements, the TPACK
and the PCaRD framework and methodology [8]. The idea of combining two
models is congruent with the notion of a meta-model coordinating more spe-
cialized models. The TPACK framework takes into account the Technological,
pedagogical and content knowledge, which corresponds to the antecedent for the
learner. The PCaRD model considers the link of the game with the learning
outcomes, the role of the debriefing, including reflection and discussion, and the
influence of context, which are all present in the grid.

Van Staalduinen, et al. 2011. The study by van Staalduinen and de Fre-
itas brings together three frameworks to create a new one, again in agreement
with the notion of a meta-model [25]. In their proposed framework, the main
elements are: i) the pedagogy (background, learning objectives, instructional
design, assessment and alignment), ii) users behavior and system feedback, iii)
gameplay and player motivation/flow. All of those aspects are already present
in the colectyng framework.



The Colectyng Model for the Evaluation of Game-Based Learning Activities 405

4 Conclusion and Perspectives

Starting out with the CEPAJe model, and by taking into account the various
suggestions, we obtain the enriched model recorded in Fig. 2. The five dimen-
sions, can be renamed Course scenario, Teacher, plaY aNd Game, making the
Colectyng framework. We have then looked for missing parameters, as well as
for other models/frameworks, to see if we could complete the grid and whether
all elements could fit in the model. We found that it was possible to reach a
much more complete framework (compare Figs. 1 and 2). We note however that
to reach that goal we had to change names and that our literature review was
not exhaustive. Thus, although we might thus have missed exceptions, altogether
our analysis suggest that the colectyng framework indeed acts as a meta-model
that could give a general view and could facilitate the articulation between more
specialized models. Our analysis remains however preliminary. In particular the
framework will have to be operationalized: e.g. made more uniform, with items
transformed in questions, with direct connections to specialized models. It will
then have to be tested in real life...

Fig. 2. The Colectyng framework
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18. Marfisi-Schottman, I.: Méthodologie, modèles et outils pour la conception de Learn-
ing Games. Ph.D. thesis, Lyon, INSA (2012)
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Abstract. A farming game is a very entertaining and popular simula-
tion game. The main goal of this game genre is to successfully manage
resources by expanding farms, growing more resources, and generating
more income. In this work, instead, the main goal of our game is to
sufficiently use of resources and to be ready for a crisis according to
a sufficiency economy theory. This theory is the way of life and it can
intuitively be explained by examples using games. Thus, we develop V-
Survival, a sufficient farming game to be played and, on some level, sub-
consciously learnt the theory. Our evaluation illustrates that our game
can help players understand some concepts of sufficient economy theory
better than those who did not play the game.

Keywords: Farming game · Sufficient economy · Self-immunity ·
Mixed gardening · Educational game

1 Introduction

Sufficient economy theory [1] is a way of life and a philosophy developed by the
late King Bhumibol Adulyadej of Thailand. The theory comprises three main
pillars which are moderation, reasonableness, and self-immunity. There are many
concepts in the theory and they can be found in Mongsawad’s article [6]. In this
work, we focus only on a fraction of the self-immunity part which is a mixed
gardening concept. It is the overall idea of self-reliance i.e. being independent
from the modern trading system and having immunity to a crisis. The mixed
gardening concept utilizes the use of land to grow a variety of plants for creating
an ecosystem rather than to grow one type of plant that requires extra attentions.
Instead of selling a single type of high price farming product and spending the
money to buy food, the ecosystem produces food by itself and the left out farming
products can then be sold for money. The theory can be demonstrated intuitively
by practicing with scenarios and activities in the simulation game.

Typical farming games such as Stardew Valley and Hay Day focuses their
gameplay on expanding farming production and construction by growing more
resources. Their main simulation is about manipulation the resources to achieve
to the next and bigger level. The bigger farm means more success in the game.
c© Springer Nature Switzerland AG 2020
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In our game, the main simulation is also about balancing resources but, instead
of growing a bigger farm, the goal is to be able to survive in a crisis when
the system is no longer the same such as when a disaster making a shortest
of external resources. In our game, V-Survival, players have to survive only by
consuming farming products. If they were not able to generate enough products
within the time limit, the game is over. To generate the products, they have
an option to grow their products all by themselves or buy some of them with
money. The money can be obtained from selling products which are vegetables,
chickens, eggs, and organic fertilizer. Some products can be sold at high prices.
With limited space, players have to choose between products to grow each time.
At a typical game time, buying some products is doable and players can survive
without problems. However, at a crisis time when the resources are limited, prod-
uct cost will be a lot higher than typical price and some products are no longer
available at all. Thus, players need to balance between selling their products
for money and keeping all resources balanced to consume by themselves. In our
game, we attempt to give realistic simulation parameters rather than biasing the
game to one direction so that players can try to survive with their own choices
and see it by themselves about the benefit of each direction especially on having
an immunity to a crisis.

2 Related Work

Digital games which are carefully designed for education are an effective method
for learning [2]. Several works illustrate that the method can be used in a variety
of subjects. Some games focus on sending direct learning messages to students
via interactive games. Appel et al. [3] develops a game to raise awareness of canal
maintenance for children by let’s players recognize what objects are harmful to
the canal. Miletic and Lesaja [5] use e-learning software to encourage students to
comprehend linear programming. Vanbecelaere et al. [10] develop number sense
and reading games for math and reading practices. Holz et al. [4] develops a
mobile game for german dyslexic children by designing a stress pattern.

Some others focus on using a simulation game to give students indirect learn-
ing messages. Petri et al. [8] evaluate digital and non-digital games in Project
Management learning via role-play games. Ouariachi et al. [7] study the effect
of playing a strategic climate change game on spanish and american teenagers.
Tan and Okamoto [9] investigate an effectiveness of a game-based strategy of
sustainable tourism simulation. Our game is also a simulation game attempting
to give students indirect learning messages via its gameplay.

3 Game Design

The goal of our V-Survival game (Fig. 1) is to survive on an exotic planet (V-
planet). The game is developed using Unity Game Engine for Android mobile
phone. The V-planet is an earth-like planet where the seasons and soil are very
similar to earth as shown in Fig. 1. This will give players a stronger sense of being



410 R. Taweechainaruemitr and T. Sucontphunt

Fig. 1. Left: splash screen of V-Survival: a self-sufficient farming game, middle: the
game’s environment, right: starter status of the game.

isolated and independent since there is a different social system than earth. The
only way to survive is to farm a vegetable and animal. Every some period of time,
players are required to refill their health by having a complete set of nutritions.
There are five types of nutritions (in Thai nutritions) which are Protein (P),
Carbohydrate (C), Mineral (M), Vitamin (V), and Fat (F). Each farming product
contains some types of the nutritions. Figure 1 shows an example set of farming
products to refill the health. If some of the farming products are not enough,
players can buy them with money which is limited. The money can be also
obtained from selling the farming products.

4 Game Mechanic

Each player starts the game with given vegetable seeds, water, fertilizer, and
money. From Fig. 1 (rightmost), the required nutritions are shown on the middle-
left of the screen and the player’s job is to fill the nutritions with farming prod-
ucts to be ready to refill the health bar showing on the top-left when the health
bar reaches 0 percent.

4.1 Farming Products

There are 10 vegetable and 2 animal products. Figure 2 shows the products, their
nutritions, and the health refill portion. The vegetable products are Soy Bean,
Cucumber, Rice, Corn, Bean sprouts, Kale, Carrot, Basil, Cabbage, Paprika.
The animal products are chicken’s Meat and Eggs. The player will start farming
vegetable products by selecting which vegetable to grow on the limited garden
space using a menu shown in Fig. 3 and the growing process will be shown in
Fig. 3. To grow the vegetables, the player needs seeds, water, and fertilizer. If
they are not enough, the player can buy them with money. Each vegetable con-
tains its best-yielding season showing as an icon on the top left of the vegetable
thumbnail. There are 3 seasons of Summer, Raining, and Winter showing in
Fig. 3 (middle). If the vegetables are grown in different seasons than the best-
yielding season, the yielding will be a lot less than it should be. Once the garden
is harvested, it will generate seeds for the next farming. This will give the player
the knowledge about gardening.

To farm the animal products, the player needs to pay with money to buy
the animals using a menu showing in Fig. 3 and the progress will be shown in
Fig. 3. Each animal will require some rice to raise. If there are not enough rice
in the farm, it can also be bought with money.
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Fig. 2. Left: the nutritions and their farming products with the refill portion to the
health. Right: an example set of farming products to refill the health.

Fig. 3. Top two leftmost: the gardening system for vegetable selection. Top two right-
most: the animal farming system. Bottom: water and fertilizer system.

4.2 Water and Fertilizer

Water and fertilizer are the main resources to grow vegetables. The water can
only be obtained from nature especially in the rainy season as shown in Fig. 3.
The fertilizer can be obtained from unyield (rotten) vegetables and/or animal
waste using a menu in Fig. 3.

4.3 Selling Farming Product by Exporting

To sell the farming products for money, the player can use a menu showing
in Fig. 4 by clicking on the spaceship. It will show the farming products in the
inventory to be selected for exporting to a space market by the spaceship (Fig. 4).
Some farming product prices are a lot higher than an average price e.g. chicken
and carrot. Thus, the player is tempted to farm only some specific products
to get more money rather than farm a mix of products for self-sufficiency and
having immunity to the crisis.

Fig. 4. Two leftmost: the export system. Two rightmost: the crisis scene
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4.4 Crisis

After the player refilled the health for a second time, there will be a disaster (a
comet storm) as shown in Fig. 4 which destroys the export system as well as
makes all the farming product costs a lot higher than usual. After this period
of time, the player will now have to survive mainly by the farming products
since the money will run out very quickly. The player will now have to survive
until the next health refill period when the rescue spaceship arrives (Fig. 4). The
trick to survive in the crisis is to be self-sufficient and try not to depend on the
trading system which is the core idea of the self-immunity.

5 Evaluation

We evaluate the V-Survival game by using a sufficient economy quiz. There are
six multiple choice questions about the self-immunity and sufficient economy
theory as shown in Fig. 5. There are 30 participants taking the quiz and their
age distribution is shown in Fig. 5. All of them had already studied the suffi-
cient economy theory in the school at some level. There are two groups in this
evaluation: Never-Play group and Played group. Fifteen of them did not play
the V-Survival game are in Never-Play group while the other fifteen played the
game (about 10 min each) are in Played group. Figure 5 shows the number of
the correct answers for each question of each group. Figure 6 shows box-plot
of the scores of the two groups. From the Figure, P-value is about 0.1014 and
we cannot reject the null hypothesis. However, if we focus only on three main
questions (1–3) which are the core ideas of the game about the self-immunity
and sufficient economy concept, the Fig. 6 shows its box plot in which P-value is
about 0.0376 where we can reject the null hypothesis. This suggests that our V-
Survival game can help students to recall the core concept of the self-immunity
and sufficient economy theory at some level.

Fig. 5. Left: the sufficient economy questions for the participants. Middle: the age
distribution of all 30 participants. Right: the correct answers of each question of all
participants.
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Fig. 6. The box plot of 30 participants. Left: 6 question scores. Right: 3 main question
scores.

6 Conclusion and Future Work

In this work, we develop a game called V-Survival, a farming simulation game,
to assist students to learn about a mixed gardening concept of the sufficient
economy theory. The evaluation shows that our game can help the players to
understand and recall the self-immunity concepts while entertaining by its game-
play. In the future, we are planning to develop the other concepts of the sufficient
economy theory and to evaluate more on the effectiveness of our method espe-
cially in the entertaining part. The V-Survival can be downloaded and played
on Android phones at https://sites.google.com/view/v-survival-isproject (only
in Thai for now).
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Abstract. Current game-based learning designs incorporate themultiplayer com-
ponent as delegation of tasks, with the meaning that individuals accept the game
rules, interact with each other, but they do not necessarily share the same goals.We
employed gameplaymechanics of theMultiplayerRole-PlayingGames (MRPGs),
such as character’s progression and a turn-based battle system to encapsulate mul-
tiple aspects of science learning and to provide students with a tighter collabo-
rative learning experience. SAIR is a chemistry MRPG that can be played with
up to 4 persons. Further research should evaluate with students the influence of
collaborative gameplay in science learning.

Keywords: Multiplayer Role-Playing games · Game design · Science
education · Chemistry

1 Introduction

Role-Playing Games (RPGs) are a popular game genre that provides affordances for the
integration of science and technology courses in playful learning environments [4]. There
is a variety of serious games with chemistry content that have been designed to influ-
ence student attitudes towards Chemistry [8] or to integrate formal school curriculum
[2, 4], employing game elements, such as pop-quiz questions, quests to be performed,
and even a turn-based battle system [2, 4]. Minecraft in Education is a popular learning
environment that combines the creative mode for building representations and applying
the blocks’ functionality [9] with the survival mode to give a playful character to the
game. Although Minecraft has a first-person perspective, it incorporates the multiplayer
component [13]. Ideally, collaboration requires players to share the same goal and to
act together to maximize the team’s utility [16]. From this viewpoint, collaboration
in Minecraft occurs in a freeform (See Table 1. Multiplayer Science Games and this
feature does not necessarily generate social game learning [9]. Similarly, Alkhimia is
a Multiplayer Role-Playing Game (MRPG) with chemistry content. Players individu-
ally perform separation techniques, improving their weapons in a virtual lab and test
them against monsters, making comparisons to understand the educational content (See
Table 1. Multiplayer Science Games [12]. Massively Multiplayer Online (MMO) games

© Springer Nature Switzerland AG 2020
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could be also used in science classes to teach fundamental concepts to a big number
of players. Shudayfat, et al. (2014) suggested a 3D MMO environment where students
solve reaction quests by exploring for elements and solving puzzles to get the necessary
materials. The game is cooperative, and therefore, students can communicate and help
each other during the game, if they want (See Table 1. Multiplayer Science Games).

Table 1. Multiplayer science games with focus to chemistry

Chemistry
game

Educational content Connecting gaming
with learning

Game’s use in
science classes

Multiplayer
element

Mincraft
Education

Open ended
sandbox/science
content

No free form cooperative

Alkhimia A science
inquiry/Chemistry

Separation
techniques/improving
the weapons.

Extra in-class
curricula
materials

cooperative

3D MMO Chemical reactions Reaction
quests/searching &
puzzle solving

Online use cooperative

Game mechanics could strictly require players to act together to achieve the group’s
common goal. However, we did not find games that integrate science learning in such
collaborative gameplaymechanics.Our aim is to integrate chemistry content in the game-
play mechanics of the MRPGs, We designed and developed MaSters of AIR (SAIR) for
students who are 14 years old to learn and practice the school curriculum, connecting the
content with real world applications and supporting meaningful collaborative learning.
We decided to integrate the chapter of oxygen which includes the oxygen properties, the
oxides, and the combustions, as they are described in the schoolbook [17]. We expect
that this effort will become a blueprint for integrating chemistry content in the structure
of MRPGs, providing an alternative educational tool for students and their teachers.

The rest of the paper is organized into the following sections. Section 2 describes
the Game Design and Development while Sect. 3 discusses and concludes the study.

2 Game Design and Development

SAIR is an educational MRPG with chemistry content that can be played by up to 4
players, integrating social mechanics that can motivate student creativity and enhance
learning. The game story is about a hidden formula with great powers which covers the
earth, but that valuable information has been stolen. The alchemist guides our heroes
to reveal those information through a series of challenges, such as exploration, riddles
and problems to be solved, combats [1] etc. Through those processes, players increase
their strength and progress the game-plot [10]. The storytelling, a core element of all
RPGs [15] supported our effort to effectively present the content, using a graphic envi-
ronment and various Non Playable Characters (NPCs) [11] and connecting the world
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of atoms and molecules with observations of the macroscopic world. At the same time,
the players learn and practice introductory chemistry curriculum, making connections
with real-world applications. The integrated educational content regards oxygen, a basic
component of the atmospheric air [17]. Learning occurs in the game through the inter-
action with the NPCs and the game world and additionally through collaboration among
the party members.

The game’s sequence in a rough timeline is used to identify the concrete components
of the serious game activities and their connections, presenting the game’s structure [3].
Therefore, SAIR is described from the following timeline (See Table 2).

Table 2. Game sequence

Game periods Activities Description

Game Intro. Gaming Introduction. Game period selection

Game period 1: Gaming Players reveal valuable information. Each one acquires a
special skill. Players collaborate, combining those skills
against their first enemy.

Learning Students learn the oxygen attributes. Students
produce/detect oxygen.

Instructional NPCs introduce curriculum and guide players to perform
tasks. NPCs challenge players & reward them with skills.

Game period 2: Gaming Players reveal more valuable information. Each player
solves a problem to acquire a special skill. Players look for
the volcano cave to find Chimera and combine their skills
against it.

Learning Students learn to define oxides, to give examples, and to
solve the chemical equations

Instructional NPCs introduce curriculum and guide players to perform
tasks. NPCs challenge players & reward them with skills.

Game period 3: Gaming Players reveal more valuable information. Each player
solves a problem and acquires a special skill of
combustions. They travel with a hydrogen balloon, looking
for the dragon. Players combine their skills, fighting the
dragon to claim important materials.

Learning Students learn to define combustions, to give examples,
and to solve chemical equations

Instructional NPCs introduce curriculum and guide players to perform
tasks. NPCs challenge players & reward them with skills.

Game end Gaming Characters celebrate their victories

SAIR is based on a narrative and, therefore, players move in a 2D space, using their
avatars and interacting with the game world. Players act as a party, performing together
several quests in a free form, such as exploring the game world to find special items or
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locations, using items to observe their reactions under the guidance of the NPCs etc.
Moreover, SAIR uses a skill system that links student experimental observations and
chemical equations solving with a turn-based battle system. The correct solution of rid-
dles and problems awards players with skills that are required for the game progression,
as enemies cannot be defeated without them. After all players have used their skills,
it is possible to defeat an enemy on the turn-based battle system, a system that does
not require quick reaction, but the players’ acquired skills and strength (See Fig. 1). In
particular, the battle system of SAIR is based on the feature of invulnerability, a state
in which specified characters of the game are impervious to all damage. The fight with
an invulnerable enemy is a fight that can force players to search for a special item or to
acquire a special skill. Therefore, in SAIR each player must combine his/her skills with
those of the other players against the invulnerability of an enemy (See Fig. 1). This will
give the party the opportunity to defeat this enemy. That way, we facilitate collaboration
among players in the game.

Fig. 1. Harold uses the oxidation of copper skill and therese uses the oxidations of sulfur and iron
skills to defeat the chimera’s invulnerability).

At the same time, students play the game to learn through active experimentation
and reflective observation (See Fig. 2)

Fig. 2. Sulfur oxidation experiment.

Moreover, the students must not only remember and understand the educational
content but additionally, they must be able to identify the content and to respond to
related phenomena (See Fig. 3.)

Connections with real world applications are used throughout the game to empower
science learning. Several examples have been used, e.g. students need to think where
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Fig. 3. The riddle of volcano, sulfur dioxide combustion in an active volcano

fish find the oxygen they need, combining the oxygen attributes curriculum with their
observations. Another example is that players use hydrogen as a fuel to fly to the dragon’s
land with a balloon, after learning about the hydrogen combustion or they collect woods
to set up a fire for keeping themselves warm in the forest, learning, at the same time about
the carbon combustion. In this way, the game activities promote meaningful learning
through connections with the real world.

The instructional activities concern the ways that are used from the instructors or
the game designers to facilitate learning. The various NPCs guide players to actively
participate in the learning setting, providing guidance, feedback, and enhancing retention
and transfer.

The game was developed with RPG MAKER MV (RMMV), a roleplaying game
development engine published by Degica and developed by Kadokawa Games. [11].

3 Discussion and Future Research

We designed SAIR, a MRPG for 14 years old students to learn and practice science
curriculum, connecting the content with real world applications and supporting students
towards meaningful collaborative learning. The integration methods of science content
with the MRPGs gameplay mechanics was achieved through a series of choices. The
learning and the gaming activities were tightly connected through the RPGs storytelling
and the characters’ evolution features. Players in SAIR need to solve riddles and prob-
lems to acquire the necessary for the game’s progression educational skills, under the
guidance of the NPCs. Each player must combine his/her own educational skills with
those of the other players against their enemy’s invulnerability, in a turn-based battle
system. Therefore, the integrated educational content is tightly connected with the play-
ful character of the MRPGs, supporting collaborative science learning. Students have
the opportunity to work together in small groups toward a common goal, becoming
responsible for their own learning and gaining critical thinking [6].

Further research will elaborate on the game’s design document as it could pro-
vide useful guidelines in the design and development of educational MRPGs. Another
interesting parameter is the assessment of the collaborative gameplay with students.

Acknowledgements. This research is co-financed by Greece and the European Union (European
Social Fund- ESF) through the Operational Programme « Human Resources Development, Edu-
cation and Lifelong Learning 2014-2020 » in the context of the project “Designing a Multiplayer
Role Playing Game with Science Content” (MIS 5047802).”



420 V. Garneli et al.

References

1. Adams, E.: Fundamentals of Role-Playing GameDesign. NewRiders, ThousandOaks (2014)
2. Ahmad,W.F.W.; Rahman, N.F.A.: AKAMIA: chemistry mobile game-based tutorial. In: Pro-

ceedings of the 3rd International Conference onUser Science and Engineering (i-USEr), Shah
Alam, Malaysia, pp. 221–226. 2–5 September 2014

3. Carvalho, M.B., et al.: An activity theory-based model for serious games analysis and
conceptual design. Comput. Educ. 87, 166–181 (2015)

4. Garneli, V., Patiniotis, K., Chorianopoulos, K.: Integrating science tasks and puzzles in
computer role playing games. Multimodal Technol. Interact. 3(3), 55 (2019)

5. Gillespie, R.G.: Commentary: reforming the general chemistry textbook. J. Chem. Educ.
74(5), 484 (1997)

6. Gokhale, A. A. Collaborative learning enhances critical thinking. J. Technol. Educ. 7(1), 1995
7. Vella, K., Koren, C.J., Johnson, D.: The impact of agency and familiarity in cooperative mul-

tiplayer games. In: Proceedings of the Annual Symposium on Computer-Human Interaction
in Play (CHI PLAY 2017), pp. 423–434. Association for Computing Machinery, New York
(2017). https://doi.org/10.1145/3116595.3116622

8. Legerén Lago, B.: Al-Kimia: how to create a video game to help high school students enjoy
chemistry. In: Ma, M., Oikonomou, A. (eds.) Serious Games and Edutainment Applications,
pp. 259–272. Springer, Cham (2017). https://doi.org/10.1007/978-3-319-51645-5_11

9. Nebel, S., Schneider, S., Rey, G.D.: Mining learning and crafting scientific experiments: a
literature review on the use of minecraft in education and research. J. Educ. Technol. Soc.
19(2), 355–366 (2016)

10. Oxland, K.: Gameplay and Design. Pearson Education, Harlow (2004)
11. Perez, D.: Beginning RPGMaker MV. Apress, Berkeley (2016). https://doi.org/10.1007/978-

1-4842-1967-6
12. Chee, Y.S., Tan, K.C.D., Tan, E.M., Jan, M.: Learning chemistry performatively: epistemo-

logical and pedagogical bases of design-for-learning with computer and video games. In:
Tan, K., Kim, M. (eds.) Issues and Challenges in Science Education Research, pp. 245–262.
Springer, Dordrecht (2012). https://doi.org/10.1007/978-94-007-3980-2_16

13. Sanchez, E.: Competition and collaboration for game-based learning: a case study. In:
Wouters, P., van Oostendorp, H. (eds.) Instructional Techniques to Facilitate Learning and
Motivation of Serious Games. AGL, pp. 161–184. Springer, Cham (2017). https://doi.org/10.
1007/978-3-319-39298-1_9

14. Shudayfat, E.A., Moldoveanu, F., Moldoveanu, A., Grâdinaru, A., Dascalu, M.I.: 3D game-
like virtual environment for chemistry learning. Sci. Bull. UPB 76(3), (2014)

15. Tychsen, A.: Role playing games: comparative analysis across two media platforms. In:
Proceedings of the 3rdAustralasianConference on InteractiveEntertainment, Perth,Australia,
pp. 75–82. 4–6 December 2006

16. Zagal, J.P., Rick, J., Hsi, I.: Collaborative games: Lessons learned from board games. Simul.
Gaming 37(1), 24–40 (2006)

17. http://ebooks.edu.gr/modules/ebook/show.php/DSGYM-B202/11/1997,301/

https://doi.org/10.1145/3116595.3116622
https://doi.org/10.1007/978-3-319-51645-5_11
https://doi.org/10.1007/978-1-4842-1967-6
https://doi.org/10.1007/978-94-007-3980-2_16
https://doi.org/10.1007/978-3-319-39298-1_9
http://ebooks.edu.gr/modules/ebook/show.php/DSGYM-B202/11/1997%2c301/


Guess Who? - A Serious Game
for Cybersecurity Professionals

Sameer Gupta1(B), M. P. Gupta2, Manmohan Chaturvedi2, M. S. Vilkhu3,
Srishti Kulshrestha2, Devottam Gaurav2, and Ansh Mittal2

1 National Institute of Technology, Kurukshetra, India
sameer.lego@gmail.com

2 Indian Institute of Technology, Delhi, India
mpgupta@iitd.ac.in, mmchat7@gmail.com, srish.kul@gmail.com,

gauravpurusho@gmail.com, anshm18111996@gmail.com
3 New Delhi, India

Abstract. Cybersecurity education has been a challenge for organiza-
tions that rely heavily on digitization and automation. Despite the advent
of technological advancements, human intervention still plays a signifi-
cant role in mitigating increasingly complex cybersecurity threats. We
have developed an interactive serious game to aid cybersecurity profes-
sionals by addressing two crucial aspects, that are: a) how to identify
sophisticated phishing emails and b) threat hunting to detect insider
threats using a simulated Security Information and Event Management
(SIEM) tool. We have developed this game so that organizations can
adapt it to their environment by creating custom scenarios.

Keywords: Serious games · Cybersecurity · Insider threats

1 Introduction

The ordinary user has become the target of cyber attacks with the advance-
ment of technology. Phishing is the most effective attack vector used to target
these users. Social engineering techniques have enabled adversaries to bypass
spam detection systems. Thus, users should be able to identify subtle giveaways
of complex phishing emails. Moreover, insider threats are continuously expand-
ing and automated systems for their detection suffer from problems like false
positives and the inability to identify complex scenarios that build over time.
Hence, security professionals should be trained to identify hidden adversaries in
organizations.

We have developed “Guess Who? - A Serious Game for Cybersecurity Pro-
fessionals” to address these issues. This game aims to train players to identify
complex phishing attacks and insider threats in an organization. Serious games
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IMPRINT project no. 7804.
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have proved to be an effective approach for cybersecurity education [6,8]. Zyda [9]
defines serious games as “a mental contest, played with a computer in accordance
with specific rules that uses entertainment to further government or corporate
training, education, health, etc.”. Serious games society1 and International Jour-
nal of Serious Games under its aegis have attempted to shape future research in
this important and emerging field since 2014.

The current approach towards serious games used for cybersecurity focuses on
simulated environments in which cybersecurity elements are gamified [5]. These
games have addressed phishing [1], insider threats [3], and network security fun-
damentals [2,4]. They target a variety of audiences, ranging from students to
experienced network security professionals [7]. Nagarajan et al. [6] and Pastor
et al. [7] discuss the drawbacks of current serious games approaches: Many of
these games are static and do not account for differences in the player’s knowl-
edge, they do not focus on specific tools and instead give a brief understanding of
cybersecurity concepts. Moreover, they do not provide a comprehensive scoring
mechanism or tangible feedback to the player.

Our approach aims to improve these drawbacks. We use Unity3D 2 to create a
game that targets a) identifying complex phishing emails in an organization and
b) using a simulated Security Incident and Event Management (SIEM) tool to
unearth an insider threat. We create email examples that capture a wide array of
features present in complex phishing emails. We also provide a quiz based inter-
face for the player to identify phishing emails and their distinctive features. For
our insider threat hunting examples, we use the MITRE ATT&CK framework3

as the backbone, enumerating the adversary tactics. Here, the player is tasked
with unearthing the trail of an insider threat by investigates different offenses,
their parameters, and network based clues. Our game combines constructive
feedback and innovative testing examples to ensure that players experience a
gentle learning curve. Some features of our game are:

1. A realistic organizational setting with a minimalist user interface (UI), pro-
viding an easy-to-navigate environment.

2. An adaptive difficulty setting which factors in a user’s playing style, creating
a dynamic learning environment.

3. Ample feedback systems combined with repetitive testing procedures to
ensure a better learning experience.

4. Ability to customize the Insider Threat and the Phishing levels to adapt to
specific organizations.

2 Related Work

Serious games for cybersecurity span a variety of themes. Pastor et al. [7] present
a comprehensive survey on the state of the art serious games for cybersecurity,
giving design insights as well as guidelines for development.

1 https://seriousgamessociety.org/.
2 https://unity3d.com/get-unity/download.

https://seriousgamessociety.org/
https://unity3d.com/get-unity/download
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One of the most comprehensive serious games created for cybersecurity train-
ing is CyberCIEGE [4]. It is a simulation wherein the player acts as the decision-
maker of an IT organization and is tasked with protecting systems. This game
also includes a Scenario Development Kit to develop custom scenarios. Though
this game gives an overview of cybersecurity concepts and practices, it does not
cover any specific tool in depth.

There are, however, many games that focus on dedicated concepts of cyber-
security. CyberProtect [2] is an interactive computer network training aid for
novice network security professionals. It familiarizes players with security ter-
minologies, concepts, and policies of information systems. The Weakest Link [3]
is a decision based insider threat game wherein a user has to answer real life
questions that reflect their security awareness. AntiPhishing Phil [1] is an online
game that teaches users good habits to help them avoid phishing attacks. They
use learning science principles to design the game and also iteratively refine the
game.

These games provide a surface level understanding of the elements of cyber-
security and thus can’t be used for training purposes. To tackle this, we have
developed an in-depth mechanism for comprehensive user learning by combining

3 Game Design

The game’s story-line proceeds under well defined rules. It is interspersed with
challenges and timely feedback to simulate a real-life scenario, where the player
needs to use their skills and domain knowledge to succeed. The player takes
the role of a security analyst of an organization, “Cyber Bank” and is tasked
with upholding its cybersecurity. We use the ATT&CK (Adversarial Tactics,
Techniques & Common Knowledge)3 framework to structure our game. This
framework is a knowledge base of adversary tactics and techniques based on
real-world observations.

Figure 1 shows the steps of an insider in one of the levels of our game. The
adversary’s malicious actions trigger “rules” pre-configured in a SIEM tool. A
group of rules trigger an offense that needs to be investigated by a security
analyst. We embed the malicious steps in the SIEM tool as offenses that get
triggered when these actions occur. The player, as a Security Analyst, has to
find this hidden trail. This is discussed at length in Sect. 4.2.

4 Game Description

4.1 Game Elements

We provide a player login and sign-up functionality and use Firebase 4 by Google
for authentication and database needs. Moreover, we collect information such as

3 https://attack.mitre.org/.
4 https://firebase.google.com/.

https://attack.mitre.org/
https://firebase.google.com/
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Fig. 1. The MITRE ATT&CK Framework. The different colors, yellow (P3), orange
(P2), and red (P1), represent an increasing order of risk and escalation. (Color figure
online)

a) name, b) designation, c) age bracket, and d) experience with cybersecurity.
These inputs are taken on the player’s discretion and consent. Moreover, we have
an in-game computer display to act as a navigation system. It has an inbox for
the player, which acts as a communication system between the game and the
player. There is a network structure which gives a high level diagram of the
organization’s network infrastructure, it also serves as a reference for the insider
threat training. Lastly, A SIEM tool interface is used for insider threat training.

4.2 Game Mechanism

Phishing Quiz. In the quiz, the player has to distinguish the phishing emails
and identify their features, such as poor syntax and grammar, malicious sender
addresses, links, attachments in the form of word, PDF, or zip files as shown in
Fig. 2. A feedback screen is displayed once a player selects all the elements they
can, which contains the correct answers and how many the player got right. To
challenge the player, we incorporate a timer, and limit the number of clicks for
every email example in the quiz.

Fig. 2. Phishing quiz interface. The player can hover on different links and view their
address as shown.
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Insider Threat Hunting on a SIEM Tool. This training exercise is divided
into 3 time segments, with the time limit scaled and embedded as the Security
Score of the organization. A player is presented with a list of 10 offenses in each
segment and has to a) investigate every offense and b) chain a given number of
offenses after investigating their parameters, as shown in Fig. 3.

Fig. 3. SIEM Tool console. Offenses are displayed along with their different parameters.

Offense Investigation: A successful offense investigation, from the perspective
of our game, is when a player can answer the question “What triggered the
offense?”, that pops up when the user interacts with the “Investigate” button.
Based on the correctness of the user, we provide feedback along with a brief
explanation for the correct answer.

Chaining Offenses: The players are required to chain together a given number
of offences to find an insider’s trail after investigating the offenses for a time
segment. The number of attempts allowed to find the correct trail of offenses is
represented by the Threat Level shown in Fig. 3. Flow diagram for threat hunting
is shown in Fig. 4. The player can view the complete trajectory of the attack after
chaining all offenses of the segments. This gives an overview of the steps taken
by the attacker to breach security, and a visual reference to the player.
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Fig. 4. Flow diagram for Threat Hunting on the SIEM tool console.

5 Conclusion and Future Work

We have described the motivation, approach, and design of “Guess Who?”, a
serious game for cybersecurity professionals. The main objectives for developing
this game are to (a) provide a learning framework to teach the concepts of phish-
ing, and (b) delve into the intricacies of insider threats by investigating offenses.
We plan to employ a player feedback questionnaire to evaluate the objectives of
our game. From the design perspective, we aim to build progressively complex
scenarios for both insider threats and phishing.
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Abstract. The aim of this paper is to present challenges in the devel-
opment process of an adaptive serious game called “E.F.A.” which is
directed to employees being responsible for workplace safety. The paper
addresses the question of how already existing theories concerning adap-
tivity serve as a basis for the development of the serious game E.F.A.
Therefore at first various theoretical models are explained, then the
developmental approach is presented. The result is a set of learning and
knowledge entries, tutorial information, and the learner information in a
complex model. Finally challenges, limitations, and future research are
discussed.

Keywords: Serious game · Adaptivity · Game development ·
Knowledge

1 Introduction and Aim of the Paper

With the help of adaptive interventions and adjustments in serious games it is
possible to control and regulate the learning path according to the learner’s capa-
bility of fulfilling the learning tasks. This paper focuses on adaptive interventions
in order to adjust the learning path of a learner. For the design of these adaptive
interventions it is necessary to develop a model which states how knowledge is
organised, structured and interdependent (domain model). Besides, there need
to be additional models explaining how and which data of the learner is collected
(learner model) and how didactic interventions are posed (tutorial model) (see
Sect. 2). For the development of an adaptive serious game all these aspects need
to be considered [7]. Each serious game is unique though: completely different
knowledge domains, competences, or skills can be addressed. Hence, learning
objectives and how they are incorporated into learning tasks significantly differ
among serious games. Thus, every adaptive serious game development process
needs a customized model as basis for shaping adaptive interventions.

The project “E.F.A. – Digital adaptive learning game for vocational educa-
tion and training”1 aims at developing an adaptive serious game which enables
1 The project is funded by the European Social Fund and the Free State of Saxony.
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leaders of social service companies to acquire knowledge on risk assessment. The
player takes up the role of a workplace safety expert and has to navigate through
a “jungle of obligations”. There s*he needs to fulfill different tasks to return to
the “real world” by finding a way through four different “temples” representing
different subject areas of workplace safety.

This paper shortly presents the current state of research and shows the com-
bination and application of adaptivity models as a basis for the development of
the adaptive serious game E.F.A. For this purpose, a prototypical design and
the current state of work are presented. The specific research question of the
paper is therefore: How can already existing theoretical adaptivity models be
transferred into the application context and serve as a basis for the development
of an adaptive serious game? Finally, the results are discussed and an outlook
on possible follow-up studies is given.

2 State of Research

AI-based, adaptive learning environments are supposed to adapt to users and
their learning level in real time. The central components of adaptive learning
environments are the domain, the tutorial and the learner model [1,6,7]. The
domain model contains information on concepts and content on learning objects
(e.g. graphics, examples, or exercises), their relationships to each other or inter-
dependencies. The tutorial model includes information on learning paths, i.e.
why a learning object appears at a certain position in the game. Finally, the
learner model contains information about the elements of the domain model
the learner has already worked on and mastered, how long the learning sessions
lasted and how many repetitions and exercises it took to manage a level, etc.

2.1 Flow Theory

The Flow Theory [2] describes the balance between challenges and skills on
a given learning path [11]. Reaching the state of “Flow” depends on certain
requirements that are included in the activities of a serious game. The most
important requirement is the optimal balance of risk of failure and the chance
to successfully complete a game [2,11]. To achieve this goal, it is necessary to
implement a dynamic system that has the task of, for example, adjusting the
degree of difficulty over time (see Sect. 2.3). The goal of an adaptive serious game
is that the learner becomes more deeply involved with the game and is motivated
to play and learn. The higher the motivation, the more successful the learning
will be [9].

2.2 Competence-Based Knowledge Space Theory

One goal of a serious game is to impart knowledge. To achieve this, the game
consists of different learning objects (LO). They have the task to convey and
test knowledge. A LO is thus related to a “knowledge state” [4]. This refers to
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a set of knowledge entries that are necessary to fully understand the LO. Since
there is a multitude of LO in a serious game, a knowledge structure is created
from the individual knowledge entries. Falmagne and Doignon in [4] described the
Competence-based Knowledge Space Theory (CbKST). They define a knowledge
structure as a pair (Q,K), in which Q is the knowledge domain of the knowledge
structure and K is a family of subsets of Q, including the domain Q itself and the
empty set ∅. “The set Q is called the domain of the knowledge structure (Q,K).
The elements of Q are the items [wn], and the elements of K are the knowledge
states, or just the states” [3]. An example of a knowledge structure can be found
in Eq. 1.

Q = {w1, w2, w3, w4}
K = {∅, {w1}, {w2}, {w3}, {w4}, {w1, w3, w4}, {w1, w2, w3},Q} (1)

The learner interacts with the LOs in the game. Knowledge states from the
knowledge structure are assigned to these objects. The learners have a set of
knowledge states that are contained in domain Q.

2.3 Dynamic Difficulty Adjustment Model

The Dynamic Difficulty Adjustment Model (DDA model) [11] refers to the dif-
ficulty of the learning game. Different levels of difficulty are given to the model.
Each level requires different skills and parameters from the player, which must
be achieved. If the measured performance in the game is below a certain thresh-
old value, the game may be too difficult to play and if the performance is above
the threshold value of the current difficulty level, the game is set too simple and
the degree of difficulty should be increased. Based on the results provided by the
DDA model, the game parameters can be adjusted automatically.

3 The Approach for the Development of E.F.A.

The underlying model for the adaptivity of the serious game E.F.A. needs to
be build on a knowledge structure K (see Sect. 2.2) displaying which knowledge
entries wn are covered in the game and how this knowledge is linked and inter-
dependent. In a next step means of how to transfer this knowledge to the learner
need to be developed and data on the learner needs to be collected in order to
make meaningful adaptive interventions to the game (see Sect. 2.3). This ensures
that the player remains in a state of flow (see Sect. 2.1).

3.1 Didactic Design of the Domain and Tutorial Model

In the first step of conception the learning objectives were defined, clustered
into different content areas and specific knowledge content was assigned to these
topics. Finally four subject areas were identified which are represented by four
“temples” in the story of the game (see Sect. 1). Then the gameplay of each “tem-
ple” was designed in order to transform the underlying learning objectives and
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knowledge into specific game scenarios. For this purpose all knowledge entries
wn were transferred into LOs and assigned to a specific content of the game
(e.g. mini game, dialog, knowledge repository). Each LO aims to convey a spe-
cific set of knowledge entries. There are knowledge entries that form the basis
for achieving further knowledge states. These prerequisite connections were ini-
tially sought, as they form the basis for the adaptivity. Moreover, each LO is
supported by information from the tutorial model and allows to collect learner
data (see Sect. 2).

In a second step, a learner model was developed that contains all informa-
tion about the learner’s behavior (see Sect. 3.2). The available data about the
learner’s behavior in relation to a particular LO determines which new content
is presented. If content is repeated it can be presented with a newly created
didactical representation. This creates an individual, adaptive learning path for
each learner.

This specific example will allow a better understanding: at first a content-
related link between temple 1 and 2 was found, which means knowledge from the
first temple (out of wx) is needed as a basis for wy as part of temple 2. To find
out whether the player possesses this essential knowledge, it was first looked
at what data was collected about the learner for wx. In total, the player was
presented four LOs for wx: a mini-game, a short and long knowledge repository
as well as a quiz question from the temple’s exit game. The player’s interaction
with these LOs provided learner data that allowed the learner to be classified
in level one (required knowledge is present), two (required knowledge is partly
present), or three (required knowledge is not yet available). Then, corresponding
LOs for each category have been developed (a new monolog as a reminder on wx,
repetition of the knowledge repository on wx, and a newly created audio-visual
input on wx, e.g. an explanation video). Afterwards it was determined when
and how these LOs are presented. The new monolog will always be displayed,
the presentation of the knowledge repository is only for players that have been
classified in level two or three. In addition, players that have been classified as
level three will be picked up again with an audio-visual contribution on the topic
of wx in a different way by another media input. This procedure of finding con-
nections between knowledge entries, collecting and evaluating player data, and
developing appropriate LOs for different learner classifications will be adapted
for all existing connections between knowledge entries.

3.2 Approach to the Learner Model

The adaptivity cycle used in the E.F.A. game is based on the Panarchy principle
[5] of Shute et al. [10]. This model can conduct a performance analysis (capture
and analyze parameters (first and second phase)) and select the appropriate
content with an adaption mechanism (third phase) and finally present it in the
game (fourth phase).

If it is known how the learning contents should be presented in phase
four (present), according to which principle the appropriate learning paths are
selected in phase three (select), how the algorithms have to be designed in phase
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two (analyze) it finally becomes apparent which data are needed from phase one
(capture).

In the first phase, user interaction parameters and the performance of the
player are recorded. These data are e.g. the position of the player, his*her number
of attempts and the duration of the game. These parameters are measured in
different units and are passed on for analysis in the second phase.

The second phase is the analysis of the collected data. One of our approaches
to create an automated adaptive model is based on a system called “TwoA” [8]
with focus on the DDA model (see Sect. 2.3). One of the ideas of this system is
to assess the level of difficulty of an educational game in relation to time. Each
task in a serious game is scheduled with several parameters. We refer to this time
as tex. If the player is able to complete the task within tex, then the learning
content is correctly adapted to the user’s level of difficulty. If the player is able
to complete the task clearly above or below this time, then it can be assumed
that the task was too difficult or easy. At this point the system must adjust
the level of difficulty according to the DDA model and select the corresponding
content in the third phase (Select). Besides time, we try to consider a full scope of
player-centric parameters (e.g. number of attempts, correctness) for evaluating
the difficulty of tasks for users. Afterwards, with the help of the Time-Complexity
and Space-Complexity [12] a suitable function can be selected which has the
task to distribute suitable weights to each attempt of the player. Finally, the
recalculated parameters can provide information about the player’s performance.

In the third phase, depending on the result of the second phase, the param-
eters of the serious game are automatically changed and the content is adapted
for the further course of the game. At this point a data model is necessary which
selects the appropriate contents based on the values given by the second phase
and makes them available for the fourth phase.

Finally, the game can be redesigned and presented directly with the given con-
tents and parameters. This phase has to take place at runtime and be more like
changing properties in the background. The player should only subconsciously
realize that the game has adapted according to his*her performance.

3.3 Challenges and Limitations

In the development of the serious game E.F.A., various challenges and limitations
become apparent. From a technical perspective, the small knowledge domain Q
and missing connections inside the knowledge structure K are challenges and
will make it difficult to identify suitable classes via an AI. The challenge of a
small knowledge domain is the initial allocation of the learner model. Start values
classifying the player need to be assigned in a meaningful way in order to keep
the player’s flow.

A conceptual challenge lies in the provision of learning objects. If the sys-
tem wants to satisfy individual learning needs, one has to provide a large and
varied range of learning objects (e.g. prepare learning content for various forms
of learning). With regard to the content-related connections between the knowl-
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edge entries in the “temples”, being consistent with the story-line of the game
represent another challenge.

4 Conclusion

On the basis of different theories for the development of adaptive serious games,
the E.F.A. project developed its own approach to determine, process, and adap-
tively use learner data for its special case. The result is a set of learning objects
and knowledge entries (domain model), the tutorial model, and the learner
model. Due to the challenges described above, the future research in E.F.A.
is to extend these three models, to specify and refine them. Another task is the
development of a mathematical model to analyze the collected data. In addition,
the E.F.A. project researches a classification based on the given game environ-
ment (e.g. size of the knowledge domain, number of learning objects) so that
solution options can be selected more quickly during game creation. Depend-
ing on the condition of the knowledge structure and the three components of
adaptive learning environments, different implementations are classified. At the
end of this path, a framework would be created that is optimally adapted to
different game scenarios. The E.F.A. project is also interested in the problem of
the initial pre-allocation of the learner model. Here the project team strives for
a classification of the players which allows a reasonable pre-allocation.
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Abstract. Currently, virtual reality and makerspace consumables are being
adopted in education for creating engaging simulation learning experiences. Tra-
ditional user input devices can break immersion and may not be suitable for devel-
oping psychomotor skills due to the differences with real medical equipment. In
this paper, we present the development of a stethoscope replica for cardiac aus-
cultation training and focus on understanding the usability effects on diagnosis
practices employing a virtual reality controller, touch gestures, and the proposed
makerspace replica, when compared to a simulation manikin. Our preliminary
results from four examination scenarios shows that immersive and non-immersive
VR are found more usable than a simulation manikin, thus showing an opportu-
nity to further engage learners with interactive learning experiences. Additionally,
based on the auscultation examination, it was clear that the participant pool had a
diverse range of cardiac auscultation skills, with several failing at diagnosing the
murmurs, thus highlighting the importance of our proposed approach.

Keywords: Cardiac auscultation · Virtual reality · Simulation · Immersive
technologies

1 Introduction

Developing proficient cardiac auscultation skills requires extensive training to properly
interpret heat murmurs and avoid possible misdiagnosis [1]. The significant variation of
heart murmurs pitch and the subjectivity associated with the human auditory perceptual
system, adds difficulty to the examination [2]. Current auscultation training includes
the use of manikin-based simulations that provide safe and re-configurable scenarios
for developing cognitive and psychomotor skills, which can lead to improved trainee
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performance [3]. While current training practices favor manikin-based simulation and
the use of diagnostic equipment such as ultrasound, access to such tools often limited to
educational facilities, given the associated costs with the acquisition, and maintenance
of the manikins, equipment, and facilities [4].

Advances in cardiac auscultation simulation have provided numerous tools, includ-
ing manikins comprised of simulated organs with murmurs, high-quality recordings of
numerous cardiac conditions, and wireless stethoscopes to improve the training realism
[5]. In the field of cardiopulmonary examination, theHarvey patient simulator is themost
popular manikin platform for medical training, and it has been compared to traditional
teaching/training (that included books and heart sound recordings), finding that those
who trained using Harvey performed better than those who did not [6].

In this paper, we present the development of a makerspace-based stethoscope replica
developed specifically to be incorporated into virtual reality and mobile cardiac auscul-
tation training applications. A between subjects study was conducted to examine the
usability perception on the VR and two non-immersive VR scenarios employing touch-
based interactions and a 3D printed stethoscope replica towards determining which
system is more likely to be used for cardiac auscultation practices.

2 Development Overview

To develop the virtual cardiac auscultation simulation, first, the heart examination pro-
cedure itself was analyzed to determine the necessary inputs and outputs of every sub-
system. Listening to heart murmurs requires operating the stethoscope, a device com-
prised of: i) a chest piece including the bell and the diaphragm for listening to low
and high pitch sounds respectively, ii) earpieces and iii) a rubber tube connects the
components [7]. The bell and the diaphragm of the stethoscope vibrate due to the physi-
ological and/or pathological sounds of the organism and transmit this vibration through
the stethoscope tubes to the ear [8], thus the bell captures low frequency murmurs, while
the diaphragm captures high frequencies.

Using the cardiac auscultation procedure,we designed ourVRexperience to replicate
that of an examination room. Additionally, we included Graphical User Interface (GUI)
components to provide visual information to the user regarding their score through the
examination. The users can navigate the examination room and locate the virtual stetho-
scope before approaching the virtual patient. Once the procedure begins, the receive
prompts containing information about the patient so that they can start with the auscul-
tation. The GUI adopts elements from games design as users receive feedback based
on their choices, visualizing their global score throughout the examination. To provide
visual realism, we added twomale and two female virtual patients with different physical
characteristics (e.g., height, skin color, hairstyle, and clothing). We decided to include
only four murmurs, a normal sound best heard with the diaphragm over the Mitral area,
a Mitral Stenosis best heard with the ell over the Mitral area, a Mitral Regurgitation best
heard with the diaphragm over the Mitral area, and an Aortic Stenosis best heard with
the diaphragm over the Aortic area. The goal is for trainees to identify the heart murmurs
in quick exercises where they are awarded 100 points for right murmur identification
and zero points for misidentification.
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2.1 Immersive VR Stethoscope Replica

TheHTCVive controllers were configured to provide an intuitive form for examining the
virtual patient. The Grip buttons were configured to allow for grasping the stethoscope,
mimicking the finger movement needed to operate a real stethoscope. During the virtual
examination, the audio feedback was provided through noise-cancelling headphones
connected to the HMD.

2.2 Non-immersive VR Makerspace Stethoscope Replica

Unlike the VR system, the non-immersive VR approach relies on tablet touch-based
interactions and the 3D printed stethoscope replica. The 3D printed replica is comprised
of the following: i) a chest piece with capacitive pads on the bell and diaphragm surfaces
with push buttons to detect which is being used, ii) a processing unit case, iii) a left
and right earpiece with their binaural, and iv) the tubing. The connection between the
processing unit and the examination scenario was accomplished employing Ardunity,
which is a Unity 3D asset, used to create, compile, and run Arduino alongside the game
engine scripting.

3 Experimental Methods

Abetween subjects studywas used to compare the usability perceptionon avirtual patient
employing theVR room-scale scenario, and the non-immersive VRwith the touch-based
and the 3D printed stethoscope replica. It is worth noting that all systems (e.g., manikin,
VR, and non-immersive VR) present the same murmurs and the audio recordings were
chosen to be as similar as possible to the those of the auscultationmanikin.We conducted
a pre-test where all participants performed the diagnosis and rated the usability of a
Student Auscultation Manikin (SAM) [9]. The participants were randomly assigned to
one of the three examination tools. Once assigned, they were required to examine the
virtual patients and identify the type of heart murmur. After completing the auscultation,
the participants were asked to complete the SystemUsability Scale (SUS) questionnaire.
The SUS is a usability tool employed to study a variety of aspects related to system
usability, including the need for support, training, and complexity. A single score ranging
from 0 to 100 that represents the composite measure of the overall usability of the system
being studied is calculated, resulting in scores above 68/100 considered usable [10].

Third and fourth-year medical undergraduate students from Universidad Militar
Nueva Granada were invited to voluntarily participate in our preliminary study. The
participants included nine female and seven males aged between 20 and 21 years old.
Participants using the simulation manikin, the immersive and non-immersive VR are
presented in Fig. 1 and (Table 1).
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Fig. 1. Stethoscope replicas in use. The picture on the right shows the virtual reality system. The
picture on the left shows the makerspace stethoscope replica, the simulation manikin, and the
touch-based application.

Table 1. Usability results.

Group 1 Group 2 Group 3

Participant VR Manikin Touch Manikin Makerspace replica Manikin

1 85 62.5 92.5 50 100 100

2 55 20 65 65 87.5 95

3 85 92.5 57.5 60 67.5 77.5

4 82.5 27.5 75 57.5 67.5 100

5 82.5 77.5 85 80 80 85

Mean 78 56 75 62.5 80.5 91.5

4 Results

The results from the pre-test show that the manikin simulator was below 68/100, indi-
cating that it is thus considered not usable. We believe this score may be due to the
complexity associated with using the system and the corresponding decrease in confi-
dence when performing the examination as a result. In contrast, the SUS corresponding
to the group assigned to the stethoscope replica found that the simulation manikin was
easy to use, thus obtaining the highest SUS score (see Table 2). Regarding the three
interactions for VR, the participants found them usable with particular attention to items
related to ease of use and the perceived need of practice to gain confidence. Here, the
stethoscope replica was found to be more usable, followed by the room-scale VR and
the touch interactions.

Table 3 presents the average scores obtained during the pre- and test following the
same assessment. Although the results on auscultation diagnosis show where the par-
ticipants performed best when exposed to the simulation scenarios, we conducted a
univariate analysis of variance to determine any significant differences between at the
pre- and test examination levels. At the pre-test level, there was no significant difference
(p = 0.183), indicating that all groups performed the same; this was expected as all
pre-tests were performed on the manikin. In terms of device use, room scale, touch,
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Table 2. Examination scores obtained during the study.

Pre- Test

Sound Manikin Room-scale
VR

Touch Stethoscope replica

Group 1 Group 2 Group 3

Normal 40 100 100 80 80 80

Aortic Stenosis 0 0 0 40 0 80

Mitral Stenosis 20 0 0 80 20 0

Mitral Regurgitation 0 0 0 40 0 0

and the stethoscope replica interactions showed no significant differences (p = 282),
on how accurate the participants were at diagnosing the murmurs. Interestingly, a sig-
nificant difference was found between the accuracy of diagnosing the normal sound,
compared to two conditions: “Mitral Regurgitation” and “Mitral Stenosis”. Results also
showed that participantswere significantly better at determining the normal sound condi-
tion, compared to determining “Mitral Regurgitation” and “Mitral Stenosis” murmurs,
in addition to a significant difference between those diagnosing with the room-scale
solution in comparison to the simulation manikin.

5 Conclusion

Here we have studied the usability perception and diagnosis performance on three sim-
ulation tools including a simulation manikin, a room-scale immersive VR scenario, a
non-immersive VR touch-based and stethoscope replica scenario for cardiac auscul-
tation. Results indicate that VR and non-immersive VR were more usable, where the
room-scale solution had a significant difference in performance when compared to the
pre-test results. Although no statistical significance was found amongst the interactions
between our tools, participants rated the 3D printed stethoscope replica as the most
usable of the three. Based on our observation and the SUS scores, operating the replica
was more natural given their previous practices with the real stethoscope, while touch
and VR controllers added complexity and an unrealistic interaction to conduct the heart
examination.

With regards to the examination results, we observed a trend on differences between
the room-scale and the touch versions. Although the participants in the room-scale sce-
nario were more accurate at determining/diagnosing murmurs compared to the touch
version. However, this difference was not significant (P = .140). Additionally, partici-
pants were better at diagnosing normal sounds, which could be attributed to their level of
expertise and practice with simulationmanikins. However, it is important to highlight the
poor performance showing how some students struggled with the examination. Finally,
we can conclude that the user input interface plays an important role in the virtual cardiac
auscultation and further research is needed to understand how our approach articulates
with a serious games design approach towards retention and transferrable skills.
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Future work will focus additional experiments will be conducted to develop a greater
understanding regarding the difficulties associated with diagnosing heart murmurs other
than normal, and how the training tools can help overcoming these difficulties.
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Abstract. The aim of this paper is to analyse whether the design decision in
terms of the choice between a digital or an analogue simulation game does have
an influence on validity, play(er) experience, and learning outcomes. Therefore,we
analysed and compared a digital and analogue version of a simulation game for port
management regarding their validity, play(er) experience, and learning outcomes.
Our results showed that engagement is one of the key factors for learning, but that
simulation games need to be realistic enough to also guarantee specific learning
outcomes. Further research is needed to statistically evaluate our findings and the
applicability of these results in other games.

Keywords: Simulation gaming · Digital games · Analogue games · Complex
systems · Socio-technical systems · Learning · Immersion · Validity

1 Introduction

Societies have grown in complexity due to the increasing dynamics and different func-
tional systems that are interconnected [1, 2]. A complex system can very broadly be
defined as “one in which there are multiple interactions between many different ele-
ments of the system […]” [3]. Due to the characteristics as emergence, self-organization
and adaptation [4], complex systems are difficult to analyse and to design. Simulation
games open the opportunity to analyse the behaviour of (individual) actorswithin a social
network and in relation with changes in the physical environment [5]. This creates an
unique learning environment, while other instruments focus on solely the technical-
physical aspects without taking into account personal choices or social network aspects
[5, 6].

In general, it is said that simulation games work [7] and that they are suitable tools
for learning. But what is the powerful element of such games? Why do they work?
Simulation games can be understood as a special method for multilogue communication
[8] and of participatory modelling which makes it possible to provide an environment
that is structured and safe to (inter-)actively learn about complex problems [9]. Learning
occurs on different levels and activates and generates different resources [10]. Simulation
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games can be build upon these different learning levels and resources, so the process
of understanding specific game dynamics and also of playing a game can be defined as
(parts of the) learning (process) as well. Gee [11] stated that learning always takes place
in well-constructed games, but how can we guarantee a proper design and development
of such games. To the best of the authors’ knowledge, there are just a few publications
about the consequences different design decisions have. Theories and approaches related
to the design and development of simulation games, such as Harteveld [12], focus more
on the general level of gaming, but what is the difference between digital and analogue
games especially for games with the objective to the analysis and design of complex
socio-technical systems?

2 Digital and Analogue Games

From the 1980s, the use of computer simulations has increased and also the first computer
games were developed. The idea was that by using computers more detailed and valid
data could be given about the future. In addition, the ideawas that graphicswould increase
the experience. However, the resources needed to develop these highly realistic digital
environments also increases and it is not sure that the outcomes and impact of games
are indeed better. Meijer [13] compared low-tech and high-tech games for innovation
with each other and showed that “[…] despite the higher precision, fidelity of high-tech
simulators was not necessarily better than that of low-tech cases”.

Another study was conducted by Kurapati et al. [14]. They explored the similarities
and differences of learning outcomes after playing a digital and analogue version of a
similar game. Therefore, they organized gaming sessions in different countries, let group
of players play either the analogue or the digital game and analysed differences through
a post-game survey that measured the learning experiences. Their results showed that
the type of a game had just a limited effect on the learning experience, but more research
in this domain is needed to derive valid conclusions.

Portelli and Khaled [15] stated that “analogue games […] are more than capable of
eliciting very real emotional responses in their players […]. They are also much simpler
to design in a complete way in a shorter span of time; both in terms of concept as well
as mechanics”.

Fang, Chen and Huang [16] did a study in which they wanted to know if analogue
games evoke different social interactions and reactions than digital games do. They let
their participants play different versions (desktop, tablet, analogue) of Monopoly and
Jenga and measured the emotional satisfaction of the players through a questionnaire.
They found out that analogue games evoked stronger emotional reactions of the partic-
ipants. In addition to this, analogue games improved the social interaction as well. This
fact has also been given attention by Freese, Schier andMühlhausen [17] who compared
the gameplay of a digital and analogue version of an airport management game.

To conclude, digital as well as analogue games showed their effectiveness for under-
standing complex problems. However, one of the main question is still what the differ-
ence is between digital and analogue games and what this means for characteristics of
a game(play), such as validity, play(er) experiences, and learning outcomes. So far and
to the best of the authors’ knowledge, research articles focused very often just on single
concepts but not on the mentioned variables as a whole.
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3 Analysis Based on Hands-on Experience

In the following, the focus will be on the description and comparison of a digital and
analogue version of a port management simulation game. Although both games have
some differences, such as a different number of players, we believe that both versions are
comparable with each other because these are validated and evaluated games, they were
played with students, so the target groups of the gameplay sessions can be compared
with each other, and the same facilitators moderated the gaming sessions.

3.1 SimPort-MV2 Versus PortConstructor

SimPort-MV2 and PortConstructor both simulate the strategic decisions of the port
planning of Maasvlakte 2 in the Port of Rotterdam. The first version of SimPort-MV2
has been launched in 2005,while PortConstructor is developed later, based on the success
of SimPort-MV2, in 2018. The objective of both games is to develop Maasvlakte 2, the
newest extension of the Port of Rotterdam, taking into account the objectives of the Port
of Rotterdam.

SimPort-MV2 is a hybrid game, where a team of 3 to 6 players represents the board
of the Port Authority, consisting of three roles building director, commercial director
and general director. Each role is responsible for certain actions, such as building the
port area, negotiate with clients and keep track on finance and performance. Decisions
have to be added in a computer program and the effects of the decisions are visible on a
beamer, representing the ‘current’ state of the port area. The game takes about 5 to 8 h
to play, including briefing and debriefing [see 18 for a more extensive description of the
game].

PortConstructor on the other hand is an online game. The player represents the gen-
eral director of the port area and the other roles are presented as a non-player characters
providing information about potential clients, placing clients to parcels, and informing
the forecasts and news. In PortConstructor an infrastructure manager is added who can
build infrastructure in the port area, an element which was not part of SimPort-MV2.
The general director is often played by two players as team to increase communication
about the decisions.

In both games, participants start with a strategy phase, where they have to decide
about their objectives and have to define the Masterplan. After the strategy phase, the
participants have to execute the strategy, by contracting clients, assigning the clients to
the port, and trying to develop Maasvlakte 2 in the best way.

3.2 Methodological Approach

Sessions of both games have been played with professionals (Port of Rotterdam) and
students from different educational institutes (TU Delft, Unesco IHE and in port man-
agement programs). These sessions have been evaluated with a pre and post survey.
The students in this analysis followed a ‘Project Management’ course at the Faculty
of Technology, Policy and Management at Delft University of Technology. The game
SimPort-MV2 is played several years in a row and the game Port Constructor is played
two times as this game is released in 2019. Therefore, the number of the respondents
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is higher for SimPort-MV2. The post-game questionnaire consisted of some open ques-
tions, and statements with 5-point Likert scales (from 1 totally disagree to 5 totally
agree). The statements involved questions about the quality of the game, the manner in
which they have played the game, the use of the computers, and the acquired insights.
For the descriptive analysis of the quantitative data from the questionnaires we use the
analysis program SPSS (version 25).

3.3 Results

Students playing SimPort-MV2 and Port Constructor both had the feeling that it
improved their learning (MPortC = 3.72, SD = .70; MSimP = 3.86, SD = .75). However,
students of PortConstructor did not agree with the statement that the game was educa-
tive (MPortC = 3.26, SD = .86; MSimP = 3.88, SD = .75). In addition to this, students
playing SimPort-MV2 said that this game better promoted communication (MPortC =
3.67, SD = .82; MSimP = 3.86, SD = .76) and integration of different disciplines (MPortC

= 3.57, SD = .69; MSimP = 3.72, SD = .80), and a higher score of students playing
PortConstructor highlighted the technical (MPortC = 3.72, SD = .78; MSimP = 3.32, SD
= .98) and strategic complexity (MPortC = 3.98, SD = .61; MSimP = 3.81, SD = .86)
and got a better understanding in terms of the effects of the decisions of the port (MPortC

= 3.70, SD = .79; MSimP = 3.40, SD = .91).
Although the scores regarding elements of gameplay experience and validity for both

games are high, the participants of SimPort-MV2 enjoyed more (MPortC = 4.02, SD =
.61; MSimP = 4.16, SD = .70) and scored higher on the statement that the game was
build up in an interesting and stimulating way (MPortC = 3.70, SD = .90; MSimP = 3.40,
SD = .80). Participants agreed that the aim of the game was clear and that facilitation
was good. They also agreed about the clearness of the instructions; however, these were
lower for PortConstructor (MPortC = 3.38, SD = .61; MSimP = 3.61, SD = .90).

Both groups of participants agreed that the games are sufficient realistic (MPortC =
3.61, SD = .68; MSimP = 3.57, SD = .84). We see a difference in the reflection in the
game, which is higher for SimPort-MV2 (MPortC = 3.56, SD = .77; MSimP = 3.92, SD
= .84). The results also show that participants of SimPort-MV2 played more from the
perspective of their roles (MPortC = 3.59, SD = .82; MSimP = 3.81, SD = .74) and also
other players took a role (MPortC = 3.73, SD = .83; MSimP = 4.02, SD = .62), more
than in PortConstructor.

4 Discussion, Conclusions and Future Research

The aim of the present paper was to analyse whether the design decision in terms of the
choice between a digital or an analogue game would have an influence on the validity,
play(er) experience, and learning outcomes. To answer to this question, a comparative
analysis of a digital and analogue version of a simulation game for the complex system
of a port has been done. The discussion and interpretation of the results is structured
around the topics of validity, play(er) experience and learning outcomes.

1. Regarding the validity, we were not able to find huge differences in terms of the
perceived type of complexity of both games, so further research in this area is needed.
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An ideahere couldbe toworkon a set-up thatmakes it possible to test the same sample
twice, so that biases based on the sample can be reduced. However, complexity can
be understood in different ways. Our observations have shown that you can address
technical complexity quite easily in and with a digital simulation game, whereas the
more social-related complexity (such as communication-related aspects) can easily
be addressed by an analogue game.

2. Regarding the playability, the results indicated that digital and analogue games gen-
erate a different style of playing a game. In analogue games, the focus is quite often on
discussions which sometimes can have a negative influence on the gameplay itself,
because the players need too much time for making a decision. In digital games,
players very often follow the trial and error approach, meaning that they just do a
certain action and directly see what the consequences are (but do not think about it).
Secondly, emotional experiences play an important role. Here, a correlation analysis
showed that identification with an in-game-role has a positive effect on learning (Rs
= .42, p< .001), so the engagement players show is directly and positive correlated
with general learning processes. This could be a point of interest for further research,
too. As soon as youworkwith a role change and a good role description including the
description of the tasks and areas of responsibility of this role or have an immersive
game, it might have a positive influence on the engagement of the players and on
the general learning as well. Thirdly, digital and analogue games generate different
social interactions. We already discussed this briefly, but the analysis of social inter-
actions in the digital and analogue version of the port management simulation games
has confirmed this pattern. Often, digital games are less interactive as their focus is
more on technical and/of strategical components and the understanding of effects,
whereas the focus of analogue games is more on communication and integration.
We want to highlight that the comparison of the two games in terms of the degree of
the social interaction might be difficult due to the fact that their set-up was different.
Interestingly, you can see this clearly back in the way of how people have played the
game.

3. Regarding the learning outcomes, players learned (slightly) more about technical
complexity in the digital game and about communication in the analogue game. In
addition to this, the understanding of consequences on the port design was higher
in the digital game, whereas the understanding of how you need to integrate things
was higher in the analogue game.

To conclude, the results showed that engagement is one of the key factors for learning.
If you are having fun, you feel like you have learned something. But a game needs to
be realistic enough to also guarantee specific learning outcomes. The focus of this paper
was mainly on the comparison of analogue and digital games, but it is also possible
to combine aspects of each game type with each other. Generally spoken, analogue
and digital games are both suitable methods for analysing and understanding complex
systems and for learning as well.
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Abstract. In an attempt to predict the cognitive-affective states of
a player during an educational video game session, this study used a
self-emote procedure in which participants’ facial expressions and emo-
tions were continuously recorded along with self-reported data about
their emotional states. Participants’ facial expressions and emotions were
captured using Affdex SDK from Affectiva. The captured data were
used for binomial logistic regression to predict the cognitive-affective
states of flow, frustration, and boredom. The binomial logistic regres-
sion uncovered that expressions and emotions could be used to predict
these cognitive-affective states of a player. We discuss these predictors
and their potential to adapt an educational video game session with
non-intrusive and affect-sensitive personalization capabilities. The cur-
rent study provides a pathway for the educational play design and sug-
gests that it should be non-intrusive while being adaptive to a player’s
capabilities.

Keywords: Affective computing · Sensor-free · Emotion in
human-computer interaction · Educational games

1 Introduction

Recently, there has been a surge in research that aims to enable computer appli-
cations to measure and adapt to the emotional states of users [11]. Developing
online tutors and serious games that can respond to emotional states of learn-
ers is a challenging endeavor since it requires a reliable detection mechanism
to capture the emotional states accurately [11]. Without an accurate detection
mechanism, online tutors or games may fail to provide an intervention that can
accommodate the changes in the learning ability of their users induced by the
fluctuations in emotional states. Recognizing learner’s emotional state is a diffi-
cult task for computers, as well as it is for human instructors [5].
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2 Affect in Educational Games

Previous work in related educational technology, Intelligent Tutoring Systems,
has indicated that flow, frustration, and boredom [4,7] are related to learning
with the system. Csikszentmihalyi [6] described flow as a state of sustained focus
in an activity, accompanied by a state of delight and satisfaction. Boredom is
the opposite of flow and has been shown to have a negative correlation to flow
and the opposite effect on learning [4]. A game may frustrate a player if the
player is not able to cope with the difficulty level imposed by the game [16]. It is
imperative to measure the elements such as flow, frustration, and boredom and
develop accurate models to determine if a player is kept within the boundaries
of the zone of proximal development.

To use these affective states within educational games there must be reli-
able methods for detection in real time that are expandable. Luckily, research
involving the usage of non-intrusive tools and equipment such as facial emotion
tracking [13] has been increasing. These non-intrusive methods are economical
and can scale to multiple settings. Most of these methods are focused on the
Facial Action Coding System (FACS) [10]. This method categorizes emotions
using muscle movements (called Action Units or AUs) in the face. Previous
work has used the FACS to identify boredom, flow, and frustration based on
AUs [5].

Among the new non-intrusive approaches, the focus of this study is facial
emotion tracking using Affdex Software Development Kit (SDK) from Affec-
tiva. This approach utilizes a webcam, which is easily accessible hardware, to
record the changes in facial features using the facial feature detection SDK [13].
Provided that the tracking environment is set up correctly and the user is front-
facing the camera, it is possible to achieve a relatively high detection rate for
facial features [13], which then can be used to predict the basic emotional states
of users. While research has provided successful results in the detection of the
facial features, only a few methods exist that can accurately predict the affective
states and provide these as inputs to curate and personalize the user experience
[11,15].

3 Method

3.1 Participants

The current study recruited 107 undergraduate students (78 male, 29 female,
average age 18.9 years, standard deviation of 2.6) who participated in the study.
Sixty-one participants reported having played games with an average play time
of six hours per week and a standard deviation of 8.82 h. Their participation
lasted up to 1.5 h (mean playtime of 42.1 min, standard deviation of 8.7 min).

3.2 Material and Procedure

All participants who signed the consent form electronically were instructed to
turn off their phones. They were requested to remove their caps and glasses,



Predicting Affective States Using Emotions 449

to prevent any interference in the facial expression detection. Participants were
asked to put on headphones and play an educational game for about 1.5 h. They
were also instructed to refrain from covering their face with their hands while
playing the game.

The game titled “Chemo-o-crypt” is a 2D platformer game developed in
Unity3D (v2018.1.9f2) using the Content Agnostic Game Engineering (CAGE)
architecture [1,2]. In Chemo-o-crypt, the game play mechanics allow left and
right player movement, ladder climbing, and jumping. There are three different
types of patrolling enemies which reduces a partial portion of the player’s health
on collision. The game has four levels in which the player is tasked with collecting
the required number of molecules of each element and compound that takes part
in the chemical reaction, such that the chemical equation gets balanced.

Chemo-o-crypt is embedded with the Affdex Software Development Kit
(SDK) from Affectiva [13]. The SDK tracked participants’ facial features and pro-
vided the probabilities for various emotions and expressions of each participant
at a given time point, with a sampling rate of 20 Hz. The size of the template used
to capture the faces of participants was set at 640 by 480px (height by width).
The SDK detected the seven basic Ekman emotions which included, Anger, Dis-
gust, Fear, Happiness, Sadness, Surprise, and Contempt. It also quantified phys-
ical properties of 15 different facial features (facial expressions) which included
Attention, BrowFurrow, BrowRaise, ChinRaise, EyeClosure, InnerBrowRaise,
LipCornerDepressor, LipPress, LipPucker, LipSuck, MouthOpen, NoseWrinkle,
Smile, Smirk, UpperLipRaise. These expressions correspond to the AUs from
the Ekman and Friesen’s Facial Action Coding System [10]. As the emotion or
facial expression occurs and intensifies, the score rises from 0 (no emotion or
expression) to 100 (emotion or expression fully present). A description of these
expressions is available on iMotions website [12].

3.3 Emotion Detection

A process similar to the emote aloud procedure used by Craig and colleagues [5]
was adopted in this study to capture the fluctuations in the cognitive-affective
state. During the game, a pop-up message appeared at the bottom of the screen,
whenever the detected value for any emotion exceeded the threshold value of
40, out of the maximum possible value of 100. The pop-up message asked the
participants to report their affective state by selecting one of the four available
options, which were, bored, frustrated, flow, or other. The self-emote pop-up
blinked twice every second until the player selected one of the options, and
disappeared once a selection was made. However, the pop-up did not appear
until the player was at least 30 s into the game. The interval between the two
pop-ups was 90 s at the minimum, to minimize the interruption caused by the
pop-ups. There were four game levels and the experiment ended when the player
cleared all four levels.
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4 Analysis

The tracked emotions and expressions were averaged across all time points
between two neighboring pop-ups, with an exception that, for the first pop-
up message, the averaging was performed across the time points between the
start of the game and the time when the first self-emote pop-up appeared. This
process was used to create a data matrix that contained the averaged emotion
and expression indices for each time when the pop-up message appeared for all
participants. As a result, this data consisted of 1030 observations.

The data were then fitted using the step-wise binomial logistic regression.
Each pop-up instance could have had one of the four classes (e.g. boredom,
flow, frustration, and other). Therefore, boredom, frustration, and others were
relabelled as ‘nonflow’ states to be able to apply the binomial logistic regression
resulting in the two classes of flow and nonflow states. The same procedure
was also applied to the boredom and frustration classes, but not to the ‘other’
class, to examine if the tracked emotion and expression data could predict the
states of flow, boredom, and frustration. Emotion or facial expression was set
as the predictor. The cognitive-affective state of flow (flow, nonflow), boredom
(boredom, nonboredom), or frustration (frustration, nonfrustration) was set as
the outcome, resulting in a total of six regression models. The ‘other’ class was
beyond the scope of the study mainly because it is an ambiguous notion or state,
thus was not reported.

5 Results

The data consisted of a total of 1030 rows of which 321 rows consisted of flow,
205 consisted of boredom, and 395 consisted of frustration. The results obtain
from binary logistic regression are summarized in Table 1.

6 Discussion

Binary logistic regression revealed that emotional states and expressions can be
used to predict the cognitive-affective states of flow, boredom, and frustration
with AUC and prediction accuracies comparable to previous research that used
similar [3,8] and different procedures [9,14]. Moreover, both the emotion and
expression models showed comparable prediction accuracies.

In detail, the cognitive-affective states were mainly dependent upon the emo-
tions of Happiness, Fear, and Sadness, and expressions that comprise these emo-
tions. In the emotion model of Flow state, Happiness and Fear were identified as
significant predictors. In line with this finding, InnerBrowRaise (associated with
Fear and Sadness), Smile (Happiness), and MouthOpen (Sadness) were identi-
fied as three of the four significant predictors in the expression model of Flow.
The Boredom models showed a similar pattern, which indicated that Happiness
and Sadness predicted the Boredom state as well as BrowFurrow (Fear and Sad-
ness), BrowRaise (Happiness), MouthOpen (Sadness), and Smile (Happiness)
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Table 1. Modeling results obtained from binary logistic regression (α = .05)

Affect Model input Model equation p-value Accuracy AUC

Flow Emotions ln(Flow/NonFlow) = −0.84+(0.4×Fear)+

(0.09 × Happiness) + (−0.074 × Sadness)

.006 72.8% .57

Expressions ln(Flow/NonFlow) = 1.5 + (−0.02 ×
Attention) + (−0.025 × EyeClosure) +

(−0.037 × InnerBrowRaise) + (0.02 ×
LipPucker) + (−0.02 × LipSuck) + (0.02 ×
MouthOpen) + (0.08 × Smile)

<.001 72.33% .63

Boredom Emotions ln(Boredom/NonBoredom) =

−1.24 + (−1.13 × Fear) + (−0.38 ×
Happiness) + (0.15 × Sadness)

<.001 83% .6

Expressions ln(Boredom/NonBoredom) =

−8.44 + (0.07 × Attention) + (0.02 ×
BrowFurrow) + (0.06 × BrowRaise) +

(0.02 × InnerBrowRaise) + (−0.028 ×
MouthOpen) + (−0.03 × Smile)

<.001 83 .64

Frustration Emotions Not significant .08 54.4% .55

Expressions ln(Frustration/NonFrustration) =

1.85 + (−0.02 × Attention) + (−0.03 ×
BrowFurrow) + (0.02 × EyeClosure) +

(−0.067 × LipPress) + (−0.03 ×
LipPucker) + (0.03 × LipSuck)

<.001 61.1% .57

in the expression domain. Contrarily, none of the predictors in the emotion
domain reached significance in the Frustration model. However, the expressions
of BrowFurrow (Fear and Sadness), LipPress (Sadness), and LipSuck (Sadness)
were identified as significant predictors, which followed the observations in the
Flow and Boredom models.

Another finding from the study was that the expression better explained
the variances in the affective states compared to emotion. One reason behind
this finding may be that the emotion indices are derived from the expression
indices [12]. Therefore, the findings indicate that facial expressions, compared to
emotions, may be better predictors of the affective states, which also implies that
both domains are not necessarily required at the same time. This finding can
help future games to embed a less computationally intensive detection module
that allows for a fast and online assessment of players’ affective states.

7 Conclusion

Affect detection using facial feature tracking provided considerable accuracy.
Expression-based modeling provided better performance over the models built
using emotional expressions. Therefore, it is recommended to use expressions
instead of emotions while modeling cognitive-affective states of a learner. The
current study demonstrates that personalizing educational content in games or
online learning systems can be achieved by assessing the cognitive-affective states
of a learner in real-time and adapting the system to the learners. In return, the
personalized systems may be able to adapt better, be inclusive, and tailor the
learning for students from all skill levels.
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