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Abstract

Serious game development involves a multidisciplinary team of teachers and
computer scientists. But the difference in computer competencies between the
team members is a recurring difficulty in this collaboration. Authoring tools,
which provide interfaces adapted to users' competencies, are promising
solutions to overcome this difficulty. However, existing authoring tools are
either limited in their functionalities (not powerful) or too complex for non-
computer scientists (not usable). A comprehensive set of design principles to
address this limitation does not yet exist.

The objective of this research was to define a set of design principles for the
development of powerful and usable authoring tools.

To achieve this objective, we first defined a set of design principles. We then
developed an authoring tool corresponding to these principles. Finally, we
carried out test uses of that tool through the development of twelve serious
games. Results show that this authoring tool enabled the development of a
wide variety of serious games (powerful) by teams with heterogeneous
computer skills (usable).

Design principles defined in this research integrate and extend previous
works. They allow to overcome the dilemma between the power and usability
of authoring tools. This could unlock new possibilities for collaborative
approaches in serious games developments.

Keywords: Authoring Tool; Authoring System; Game Editor; Design Principles;
Educational game; Collaborative Development.

1 Introduction

In this article, we use the term serious games in the sense of the definition by [1], thus
encompassing any kind of digital learning games or simulation created for educational or
training purposes.

1.1 Serious games development

Serious games development requires a multidisciplinary team, including teachers and game
developers [2]-[5]. Involving teachers as from the beginning of the development is
recognized as a key success factor of the relevance of the resulting serious game [2], [3],
[5]. However, this multidisciplinary collaboration is known to be difficult. First of all,
ensuring the coherence of the partial contribution of the different authors is hard [6].
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Secondly, a large part of the serious game content has to be developed by teachers, or
subject-matter specialists, who may have few computer competencies [7]. The lack of
efficient tools enabling the contribution of those non computer specialists is perceived as
one of the main obstacles to serious games development [8].

1.2 Authoring tools as a support to serious games development

Authoring tools are seen as a possible solution both for supporting the collaboration and
involvement of non-computer scientists in the development team. Authoring tools are
expected to offer two main advantages: (1) allow non-computer scientists to take part in the
development of the serious game and its content, and (2) reduce development costs by
allowing the reuse of developed elements and increasing authors productivity [7], [9].

1.3 Existing authoring tools

Game engines, such as Unity [10] or Unreal Engine [11], are widely used for the
development of entertainment games, but do not take into account all the specificities of
educational games. A first specificity is the integration in the development team of teachers
with few computer skills. Other specificities are linked to the educational context that
require specific features, such as teachers dashboards [12], [13] or learning analytics [14],
[15].

During the last 10 years, several efforts have been made in order to develop specific
authoring tools for serious games, such as [16]-[19]. However, current serious games
authoring tools are not always adapted to non-computer scientists [20]. Current serious
games authoring tools can be classified into two categories. In the first category, authoring
tools offer a wide range of features, but are too complex for teachers. In the second category,
they are simple to use, but offer limited features [20].

A first step toward an authoring tool that is both features-rich and usable has been made
with the “JEM Inventor mobile learning game authoring tool” [21]. But JEM Inventor is
limited to mobile learning games and Android devices. For example it doesn't seem suitable
for the development of a serious game for medical anamnesis. It also does not include
multiplayer functionality, and therefore does not allow for the development of the full range
of competitive or collaborative game models.

None of the existing authoring tools integrate the following features: possibility of
collaborative development by a multidisciplinary team, wide range of features and possible
game models, ease of use for non-computer scientists, and specific educational features [8],
[20], [21].

1.4 Challenges for serious games authoring tools development

In this section, we describe the main challenges that need to be addressed to develop the
next generation of serious games authoring tools.

1.4.1 Power or usability

A recognized challenge for authoring tools design is the tradeoff between the power of the
tool and its usability [9], [21]. The power of the tool is related to its flexibility and to its
ability to allow the development of a wide range of games. The usability is related to the
simplicity and efficiency of use. More powerful authoring tools that are more powerful are
usually less usable [9], [20]. For example, an authoring tool in which the game design is
done by choosing options among proposed checkboxes may be easy to grasp (usable), but
will likely limit the range of possible games (not powerful). On the other hand, an authoring
tool with a multitude of functionalities would enable the development of many kinds of
serious games (powerful), but may be nearly as difficult to learn as a programming language
(not usable) [7], [9]. This tradeoff between power and usability is linked with the abstraction
level proposed by the authoring tool. A low abstraction level means that the game editing
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system is close to the programming code. It is more powerful, but less usable by non
computer scientists. A high abstraction level corresponds to a game editing system with
interfaces allowing visual programming or check boxes to choose between predefined
options. It is more usable for non computer scientists but offers less possibilities and is less
powerful.

In order to develop a tool that is both powerful and usable, it is considered necessary to
differentiate levels of abstraction according to users competencies and needs [7], [9], [20],
[22]. Atone end of the spectrum, computer scientists need an authoring tool that allows as
much flexibility as possible. They feel confident and efficient with a low level of
abstraction, close to the code, allowing the development of any desired features. At the
other end of the spectrum, teachers with few computer skills do not need advanced features
and prefer an authoring tool with a high level of abstraction.

1.4.2  Usability throughout the entire game life cycle

Serious game life cycles include game development and game usage. Collaborative and
agile processes are considered the most appropriate for serious games development [5]-[7],
[23]. Authoring tools should thus enable a heterogeneous team to simultaneously perform
a wide range of tasks [24]. It should provide interfaces that allow different users to access
the same game editor with different levels of abstraction, while having an up-to-date view
of the work done by others. Once the game is developed, it is necessary to share it with
teachers. And, when using the games in training sessions, several teachers must be able to
collaborate and interact with the student-players.

1.4.3 Managing complex projects with limited budget

When designing and developing serious games authoring tools, the development team faces
the challenge of creating a complex software application with limited resources.
Developing a serious game is a complex activity, but developing an authoring tool that
enables the development of a variety of serious games is moving at a higher level of
complexity [9]. And the simpler the authoring tool appears to the end user, the greater its
internal complexity may be. Meanwhile, the market for educational serious games
authoring tools is limited [9] and therefore development budgets, outside research budgets,
are also limited.

This budgetary constraint is found again when using the authoring tool for the
development of serious games. While traditional games require the integration of playful
aspects, serious educational games need to integrate both playful and educational aspects.
However, due to their limited markets, educational games projects often have limited
budgets compared to pure entertainment game projects. This confirms the need of reducing
development costs by the reuse of previously developed elements, as proposed by [7], [9].

1.4.4  Authoring tools design principles

Design principles may serve as guidelines for the development of serious games authoring
tools. Gicquel et al. [8] propose some design guidelines, which are mainly
recommendations on the overall process, such as using an iterative approach, user-centered
design, incremental design or tests in real world situations. Results of the European project
“RAGE” [25] included recommendations on the necessary design conditions for facilitating
the reuse of components through different development platforms [26], but does not include
an overall set of design principles for developing serious games authoring tools. Research
in scientific databases do not enable us to find a complete set of design principles, dedicated
to serious games authoring tools, that can be used as a basic guideline by the authoring tool
development team.
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2 Objectives

To address the challenges described above, we formulated the following research question:
e Which design principles could enable the development of a serious games
authoring tools that integrates the following Characteristics (C):
o C1: Powerful. The tool enables the creation of a wide variety of game
models for a wide variety of educational areas.
o C2: Usable. The tool is usable by a wide variety of users
m C2.1: with various computer competencies and needs.
m C2.2: all along the project life cycle (development process and
usage in educational context).
o C3: Reusable. Components developed for one game are reusable in
other games' developments.

Partial answers exist for several of these characteristics. However, there is currently no
example of their integration into a single set of design principles.

3 Methods

3.1 Pragmatism as the main research paradigm

Serious games authoring tools design and development is a practical problem, in the sense
that is about finding concrete solutions to real-world problems [27, p. 36]. Thus
pragmatism, as mainly practice-driven [28], was considered as an appropriate research
paradigm.

Pragmatism was furthermore found to be appropriate for the following reasons:

e In pragmatism, the research is problem-centered, experimental and utility oriented
[29]. This was appropriate for our research, as an experimental approach should
lead to the proposal of authoring tools design principles that may be useful for
futures authoring tools development.

e Pragmatism is oriented toward finding solutions to practical problems, and results
are to be judged by their practical utility [27, p. 36]. As shown in the background,
there is currently a lack both in existing serious games authoring tools and in
authoring tools design principles. Pragmatic research, based on design and
development experimentations, should provide design principles that may have
practical utility for the development of future serious games authoring tools.

e In pragmatism, research results are not to be considered as positivist immutable
schemes for explaining the world, but as constructivist creation, useful if they help
to solve practical problems [27, p. 36], [30], [31]. We hypothesize that at the current
state of knowledge and technology, while authoring tools are still in their early
stages, we will not be able to define definitive design principles. But it is rather
possible to propose a set of design principles that can be used as a basis to help to
solve the concrete problem of authoring tools development.

3.2 Research methodology

Pragmatism argues that the appropriate method is ‘what works' to answer the research
guestions [31]. Methods can be any combination of qualitative and quantitative approaches,
including case studies, experimentation, surveys or any other approach [27, p. 36], [31]. To
answer our research question, we defined the following combination of methods.
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3.2.1 Users’ categorization

A categorization of users of serious games authoring tools was defined based on the project
life cycle of an authoring tool, and on users’ competencies.

3.2.2  Hypothesis of authoring tools design principles

A set of design principles was defined based on a combination of published theoretical
design principles, results of users’ categorization and the needed characteristics of
authoring tools. We did the following hypothesis (H):
e H1: the implementation of these principles into a single authoring tool is possible
e H2: an authoring tool that integrates all those design principles would have the
characteristics C1 (usable), C2 (powerful) and C3 (reusable components).

3.2.3  Tests of hypothesis

In pragmatism, theories have to be evaluated through their utility, their observable practical
consequences, and their links with experience [27, p. 36]. Thus, we tested the practical
consequences of the set of design principles through two experimentations.

H1 was tested through the development of an authoring tool that will integrate all design
principles.

H2 was tested by using the authoring tool in different uses-cases to evaluate whether it
integrates the desired characteristics (C1, C2 and C3).

Use-cases were selected to ensure that they met the following conditions:

e Variety of game models. In order to test the ability to develop different game
models, use-cases should integrate different types of games (e.g. management
games, medical simulations or mobile games).

e Multi-disciplinary development team. To test the ability to offer appropriate
abstraction levels to different roles, the development team should include at least
one person of the “computer science side” (e.g. game developer) and one person of
the “non-computer science side” (e.g. teacher without specific computer
education).

e Ecologically valid. Use-cases should encompass the entire process, from
development to usage in real teaching conditions.

During use cases, we chose observation as the main strategy for data collection as it
enabled us to directly observe how game developers and trainers used the authoring tool,
providing more authentic data than with mediated methods [27, p. 561]. We made
observations both on facts (such as how many scenarists were involved in game
development) and of qualities (such as usage of the authoring tool by users with different
computer competencies). Because observation of qualities may depend on researchers’
interpretation, interpretations made by one author were then confirmed by at least two other
authors.

4 Results

4.1 User categorization and needs

Users were categorized along two dimensions. The first dimension is linked to the project
life cycle, which includes serious games development and usage [7]. The second dimension
is linked to users’ computer skills, which is linked to the required abstraction level that the
authoring tool should provide [7], [9]. Those two dimensions enabled us to classify users
into four main roles: Game Modelers, Scenarists, Trainers, and Players (Fig.1).
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Figure 1. The two dimensions "Project life cycle" and "Needed abstraction level"
are used to classify the users of authoring tools into four main roles. Low
abstraction levels correspond to interfaces near the programming code,
while high abstraction levels correspond to simple user interfaces.

4.1.1 Game modelers

The “Game Modeler” role represents users with high computer skills, responsible for game
models development.

A game model corresponds to the skeleton of a game, including its basic structure,
layout, and logic. Game models may be generic, such as interactive dialogues, point and
click or treasure hunt. They may also be more specific, such as a combination of dialogues,
guestions, point and click and a simulated human body. Game model development includes
tasks that require high computer skills, such as data model design or complex logic
conception. Those tasks are mostly done by computer scientists and game designers who
need a low level of abstraction, close to the code, allowing the development of any desired
features. We observed that Game Modelers may spend days or weeks before mastering the
authoring tool and are used to work both in high and low abstraction levels.

4.1.2 Scenarists

A complete and usable serious game is the result of the collaborative work of a
multidisciplinary team. Part of the team is responsible for developing the game model.
Others are responsible for creating the content and the narrative logic of the game. A game
model filled with content is what we called a “scenario”. We defined the role “Scenarist”
to describe users responsible for creating the game narrative content and logic.

Once a game model has been defined, the scenarist comes into play. The scenarist’s
function is to flesh out the game model through the conception of the narratives and other
game and subject-matter contents.

Multiple scenarios can be derived from a given game model. Each scenario will have
its own content and narrative logic. For example, a “treasure hunt” game model can be used
to create treasure hunt scenarios in the field of architectural education or for geological
education. The Scenarist role includes contributors such as teachers, subject experts, or
game designers. Different Scenarists will achieve tasks of different complexity levels.
Some of them may have no computer skills and just need to adapt the narrative content of
an existing scenario. Others, with basic computer competencies, may want to edit the
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logical parts in a visual mode (for example conditions or networks such as finite state
machines). Advanced Scenarists, with good computer competencies, may use nearly the
same low-level tools as game-modelers.

In synthesis, the Scenarist role is divided into many sub-roles that are linked to users’
computer competencies, and complexity of tasks to be done. The time needed to learn how
to use the authoring tool increases with the targeted complexity level. It may vary from
some hours to some days.

4.1.3 Trainers
The “Trainer” role includes all teachers, professors or professional instructors who use the
developed serious games for educational purposes.

Trainers provide students with game access and then to monitor and manage the game
session. Trainers are not expected to have any computer competencies. Based on our
observations, they expect to spend no more than a few hours learning how to use the serious
game trainers' interfaces.

4.1.4 Players

The “Players” role includes any final users that will experience the game, such as

elementary school pupils, university students or participants to post-graduate training.
Players need to access the game and to play it on different types of devices such as

laptops or mobile phones. Players are not expected to have any specific computer

competencies. They should spend as little time as possible understanding how to join and

begin to play a game.

4.2 Authoring tool design principles

In this section, we present a set of design principles (P) for serious games authoring tools.
We defined these design principles based on the categorization of users, the desired
characteristics of authoring tools, and previous research such as [7], [9], [13], [22], [32].
We hypothesize that altogether, these design principles should enable the development
of an authoring tool that is powerful (C1), usable (C2), and with reusable components (C3).

4.2.1 P1: Ensure platform independence

Multiple devices may be used by developers, trainers, and players. Developers mainly use
computers. Players, depending on the game model, may use computers, tablets, or mobile
phones. Thus, the authoring tool should be usable with as many devices as possible and
should allow authors to develop responsive interfaces for any kind of platform.

This principle is an extension of the proposed principle by Gicquel et al. [32] to use
only web technologies. We consider web technologies as a means to achieve platform
independence rather than as a principle in itself.

4.2.2 P2: Encompass the entire process

The authoring tool should support the entire process, from design and development to the
distribution and usage of games (C2.2).

A same user may use the authoring tool with different roles, such as Scenarist when
editing the game content, Player when testing it, and Trainer when using it in an educational
context. Therefore, a single platform for development, tests, distribution, and usage brings
among others the advantage of synchronicity between the different roles. A centralized
rights’ management system also offers the comfort of a single connection for all phases.
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4.2.3 P3: Enhance collaborative works and interaction

The need for collaborative development implies that the tool enables all authors to
simultaneously contribute to the development of logical, design or content elements of the
game. The authoring tool should provide all contributors with an up-to-date preview of the
current state of the game under development. This is confirmed by [7], [9], [22].

The tool should offer functionalities to share access with other game modelers or scenarists.
Once the game is developed, it has to be shareable with trainers.

While using games in an educational context, the tool should support collaboration between
trainers and players with features such as interactive trainer dashboards that let the trainer
monitor students' work and interact with them [13]. The tool should also allow for
collaboration or competition between students or teams of students.

4.2.4  P4: Provide basic components to create a wide range of game models

To fulfill their goal of creating any type of game model, Game modelers need low
abstraction level components that should allow to create the game data structure, visual
layout (data display, organize navigation & interactions), and logic (scripts for game
mechanism, rules, formula, simulation model) [7], [9]. This principle is needed for enabling
both the creation of a wide variety of serious games (C1) and the reusability of components
(C3).

4.25 P5: Enable the development of composite components

Low-level components theoretically allow modelers to create almost any kind of game
models. But, due to their low-abstraction level, such components are not always suitable
for scenarists without programming skills. Thus, the authoring tool should enable the
development of high abstraction level components, more easily usable by non computer
specialists.

Composite components are a combination of basic components (data structure, display
and logic). They should enable the development of components that are easier to deal with
for non computer scientists. For example, a specific game may need game characters with
their pictures, names, descriptions, and skills. Those game characters can be created as a
composite component, made of images, text area and numerical variables. This principle
is needed for enabling the creation of a wide variety of serious games (C1), developing
specific users' interfaces (C2.1) and facilitating reusability of components (C3).

4.2.6 P6: Provide specific views for all roles of users

The authoring tool should enable the development of specific views that are adapted to
users competencies and tasks [7, p. 16], [9], [9]. It should be possible to define as many
views as needed [21]. As the authoring tool integrates both game development and game
usage, it should be possible to create specific views both for Scenarists, such as game
content editors, and Trainers, such as trainer dashboards. This principle is necessary for
usability (C2).

4.2.7 P7: Provide authoring support

Authoring support should increase both the productivity and the quality of the developed
games [7]. An interactive preview should make it possible to constantly monitor and test
the game under development [7]. It should also enable to “debug” the game by offering
functionalities such as monitoring the current state of the game. A search engine should
help to highlight links between game elements and to find errors. This principle favors
usability (C2).

4.2.8 P8: Make it possible to reuse developed components

In order to diminish serious games development costs, the concept of reusability is central
[7], [9]. The authoring tool should provide the fundamental low-level components in the
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most generic and flexible way, so they can be reused in various game models with ease.
The authoring tool should also enable the creation of generic and parameterizable high-
level components. It should finally be possible to share those components between game
modelers. This principle is directly linked with the characteristic of reusability (C3).

4.2.9 P9: Infer generic components based on usage

To allow a continuous improvement of the range of components proposed by the core
system, authoring tool administrators should be able to monitor the components created by
game modelers, identify recurrent patterns and infer generic components that may be
proposed to all users. This principle is necessary for facilitating reusability (C3).

4.2.10 P10: Be production compliant

The authoring tool should be designed, developed, and implemented with the constraint
of being used in production. The infrastructure must be stable, with an adapted backup
policy and a monitoring system that will alert the support team if there is an infrastructure
problem (such as a server breakdown). From the software perspective, the authoring tool
should include features enabling incremental game development with versioning
possibilities. And when games are used in a training context, there should be a “usage
isolation” that ensures that changes in game scenarios may not affect the ongoing usage of
the game. This principle is confirmed by [32] and linked to C2.2.

4.3 Test implementation of design principles

In this section, we present the result of a test implementation of the design principles
defined above into a single authoring tool, the Web Game Authoring System (WEGAS).
WEGAS is an open-source serious games authoring tool, developed by the authors of this
article.

4.3.1 P1: Ensure platform independence
WEGAS has been developed as a full web platform, thus ensuring that both game
development and usage are platform independent. Moreover, web technologies do not
require users to perform any software installation, and can be updated without users
intervention [32]. They also facilitate game usage in distant-learning modes.

Fig. 2 presents the integration of all design principles into the general architecture of
WEGAS.
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Figure 2. WEGAS architecture shows how design principles (Pn) are supported by
multiple elements of the overall technical architecture.

4.3.2 P2: Encompass the entire process
To support the entire process, the WEGAS architecture was based on a role-based access,
for the four roles Game modeler, Scenarist, Trainer, Player. An “Administrator” role was
added to allow both for the system and users management.

Users can switch from one role to the other. For each role, the user accesses a lobby
with the list of associated elements: game models, scenarios, training sessions or played
games (Fig. 3).
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Figure 3. Role-based access. The left side shows how users can switch between the
4 user’s roles (only administrators of the system will see the administrator
role). The right side shows an example of the Scenarist lobby.
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4.3.3 P3: Enhance collaborative works and interaction
The game model and scenario editors allow all team members to simultaneously develop
game components, logic, design, and content. The preview system provides all authors with
a constant up-to-date view of the developed game. Chat systems have been implemented to
support communication between authors that are simultaneously developing the game.
Sharing features let Game modelers share their game models with other Game modelers
and make them available to Scenarists. Scenarists can share their scenarios with other
Scenarists and make them available to Trainers. Trainers can share their training sessions
with other trainers or teaching assistants and make them available to Players.
Finally, when games are used in an educational context, interactions between teachers
and students are possible through the trainer dashboard (Fig. 4).
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Figure 4. The trainer dashboard enables to monitor students' work, to interact with
them, and to directly interact with students’ games.

4.3.4 P4: Provide basic components to create a wide range of game models

WEGAS provides low abstraction level basic components that enable the creation of the
game data structure, visual layout, and logic.

Basic components linked to the data structure are for example numerical variables, text
variables, or folders. For the visual layout, basic components include the display of data
(such as gauge for displaying numeric variables, text display or images display). Other
layout components are linked with navigation and interactions (such as tabs or buttons).
Finally, some basic components are linked with game logic. Those components enable the
creation of specific scripts that may interact with the data or the layout.

For each data component, a three-level scope has been implemented: player, team, or
game scope. This makes it possible to develop games that are played alone, in collaboration
or in competition. This allows for example the development of a business game where each
player takes a specific role in a company, each team plays a company, and all companies
are in competition for the same market. In that example, a player scope component may be
the player's avatar, a team scope component may be the company's reputation, and a game
scope component may be the potential market to be shared between all companies.

4.3.5 P5: Enable the development of composite components
WEGAS enable the creation of composite components as an aggregation of basic
components. Game modelers may define any composite component by grouping basic data,
layout, and logical components. Each composite component may contain both its data
structure, logic, and display interfaces.

For example, in a medical serious game, thumbnails of patients have been created as
composite components (Fig. 5).

International Journal of Serious Games Volume 9, Issue 4, December 2022
ISSN: 2384-8766 http://dx.doi.org/10.17083/ijsg.v9i4.458


http://journal.seriousgamessociety.org/

pag. 74

M. Henrioud Mme Belay

Physiotherapie a domicile Douleurs dans la poitrine. Accouchement avec complications

Figure 5. The composite component "Patient thumbnail" is an aggregation of basic
components such as texts and pictures.

4.3.6 P6: Provide specific views for all roles of users

Specific views for each user role were defined and implemented.

Game Modeler views provide the complete set of features of WEGAS (Fig. 6). This
includes a mix of low and high abstraction level views. Those views enable the development
of game models, composite components or specific Scenarist or Trainers interfaces.
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Figure 6. Game Modeler views: the mix of low and high abstraction levels enables
the edition of the game as from the code level.

Scenarists’ views should enable game content edition by non computer scientists.
Those views may be a “reduction” of the game modeler view, showing less information.
But specific views may also be created from scratch and dedicated to a specific task. A
specific view is created with the same basic and composite components that are used for
game models development. Fig. 7 illustrates an example of a high abstraction level view
dedicated to content edition of patients’ thumbnails.
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Figure 7. Scenarist view: example of a restricted view enabling teachers with few
computer competencies to only edit the content of the game.

When creating a game model, it is also possible to create specific views for trainers,
linked to game usage in training contexts. For example, it is possible to develop a specific
trainer dashboard for each game model.

4.3.7 P7: Provide authoring support

WEGAS provides a preview system that allows the constant monitoring and testing of
games under development. While testing, current states of all game elements are directly
accessible and editable.

A “search” system allows to search for all occurrences of each variable in the entire
game. For example, by searching on a specific variable, such as “life points”, it is possible
to highlight all game elements (dialogues, choices, clicks on a button, etc.) that impact this
variable.

4.3.8 P8: Make it possible to reuse developed components

Once a basic or composite component is developed, WEGAS enables its reuse in other
game models. To improve reusability, components can be developed with customizable
parameters, such as display options.

4.3.9 P9: Infer generic components based on usage

WEGAS administrators have the possibility to continuously develop and share new
components. New components will appear in the component library accessible by all Game
modelers (Fig. 8). The component library includes basic components needed for the game
layout (e.g. lists, lines or grids), inputs (e.g. numbers, text, button, selection list), or output
(e.g. gauges, numbers, texts). Advanced components include composite components, such
as questions lists or finite-state machines. It is also possible to define programmatic
components, which consist of reusable low-level scripted sequences.
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Figure 8. Components developed for one game can be added to the component
library, and thus made available for reuse in other games development.

One limitation is that there is no automatic system to monitor the components created
by the Game Modelers. Game modelers are not able to share developed components
between themselves without the assistance of WEGAS administrators.

4.3.10 P10: Be production compliant

The WEGAS platform includes an automated backup system. For game developers,
specific features allow the creation of intermediate versions of the developed games, as well
as the possibility to export the whole game and its content in standardized file format such
as Portable Document Format (PDF) or open data interchange format such as JavaScript
Object Notation (JSON).

To ensure safety and stability when using games in teaching conditions, when a game
session is created, a copy of the scenario is automatically created. The game session is then
based on this copy and cannot be impacted by any modification that would be made in the
original scenario.

4.4 Use cases

To test the characteristics of WEGAS, several use-cases have been conducted. A synthesis
of use cases facts is presented in Table 1. For each use case, Table 1 presents the
approximative number of users for each role (game modelers, scenarist, trainers, and

players).
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Table 1. Synthesis of uses cases

Game Models Start Date Game Scenarists Trainers Students
Modelers

Project Management [33], [34] 2012 5 10 50 15’000
Crime Scene Investigation [35] 2012 2 2 1 300
Computational thinking [36] 2012 3 3 10 1’500
Psychological tests [37] 2014 1 10 10 1200
Clinical assessment 2015 3 2 2 1’600
Corporate law 2015 2 4 5 1’100
Oncology care 2016 2 2 8 850
Energy management [38] 2017 2 10 10 400
Mobile treasure hunt [39] 2018 2 4 2 100
Emergency triage [40], [41] 2018 3 3 1 110
Media engineering 2018 3 4 3 250
Patients' Rights [42] 2020 4 3 2 270

Table 1 shows that all use-cases integrated both the development phase and usage in
educational contexts. It also shows that in each use-case, all users roles were represented.
In the following sections, we present how use-cases enabled us to assess WEGAS
characteristics.

4.4.1 CLl. Enable the creation of wide variety of game models

The column “Game Model” illustrates that the WEGAS authoring tool enabled the
development of serious games in various fields of knowledge. Fig. 9 presents some
screenshots of those different game models. Those game models included genres such as
simulation games, narratives and branching stories, puzzles, role plays or treasure hunts.
Most of those game models included a combination of those genres. Some games were
designed to be played alone, others to be played in teams. Some were designed to be played
on computers (for in class activities), others for mobile phones (to be played outside of the
classroom). Some of them used the responsive features of WEGAS to target both computers
and phones
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Figure 9. Example of game models developed with WEGAS Game Model Editor.

All use cases began with the development of a unique scenario. But some of those game
models were later reused for the development of new scenarios. For example, the “Project
Management” game model was used to develop scenarios such as new product
development, events management or public management.

4.4.2 C2.1. Usable by users with various computer competencies and needs

Columns “Game modelers” and “Scenarists” highlight how the development of all serious
games included both game modelers and scenarists. We observed that Game modelers
included mostly highly computer skilled teams, such as front-end and back-end developers,
or user experience experts. Depending on use cases, Scenarists ranged from lawyers, nurses,
economists, criminologists, engineers, medical doctors, or educational scientists. Most of
them had average computer competencies.

While Game modelers had access to the complete set of features, from low to high
abstraction levels, specific views were created to consider Scenarists' competencies and
tasks to be done. High abstraction views were created for non computer skilled scenarists.
In all use-cases, those specific views enabled Scenarists without specific computer skills
(such as lawyers, nurses, or managers) to create the narrative content of the scenarios. Fig.
10 is an example of a specific view developed for non computer skilled nurses who had to
edit content for the serious game “Patient’s Rights”.
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domicile.

Figure 10. A specific view developed for enabling non computer skilled nurses to edit
the game content.

In the use case “Energy Management”, the game had to be translated into eight different
languages. Translators were engaged for that specific purpose and a specific view has been
developed for them (Fig. 11).
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Figure 11. A specific view allowed the translators to focus on the only task they had
to do: translate.

4.4.3 C2.2. Usable all along the project life cycle

In all use cases, the authoring tool made it possible to have all authors accessing and
contributing simultaneously to game development. We observed that computer scientists
developed the game model while graphic designers were implementing the front end, and
scenarist (such as lawyers or medical doctors) were implementing the narrative content.
Each role had its specific view for accessing the game in development. The preview of the
game was simultaneously accessible by all authors, providing the development team with
an up-to-date vision of the game in development.

We observed that in all use cases, all roles were used, from game modelers to players.
The sharing system enabled the sharing of games between game developers and scenarists.
It was then used for sharing developed games with trainers. In many cases, during the use
of games in an educational context, trainers shared their training session with other trainers
or teaching assistants. Players were able to play developed games both in individual and
collaborative modes.
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4.4.4 C3. Reusable components

The reusability of the developed components has often been observed. For example,
composite components such as multiple-choice questions, mailboxes or dialogue simulators
have been reused in different game models. Table 2 presents examples of components that
were reused in different games. Lines of the table show how each game model was built on
a combination of provided components. Columns show how each component was reused
in different game models. Generic components, such as Button or Questions, were used in
nearly all game models. More specific components, such as Mailbox, were used in fewer
game models.

Table 2. Example of component reuse in different Game Models

Game Models

Components

Question Gauge Button Text

input

Mailbox

State
machine

Point Dialogue

and click

Project Management

Crime Scene

Computational thinking

Psychological tests

Clinical assessment

Corporate law

Oncology care

Energy management

Mobile treasure hunt

Emergency triage

Media engineering

Patients' Rights

For example, the reusability of the “dialogue display” component is illustrated in Fig. 12.
The dialogue component made it possible to customize its implementation by choosing
among display parameters, and by adapting its CSS style.
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Figure 12. The same dialogue component is implemented into different game models
(A, B, C). All game models reused the same Dialogue editor (D).

Reusability was also possible outside of the game itself. For example, all use cases reused
some basic functionalities provided by the authoring system, such as trainer dashboards or
players and trainers accounts management systems.

5 Discussion

In this research, we defined a set of ten design principles for serious games authoring tools
development. We found that:

e It was possible to implement all those design principles into a single authoring
tool.

e The authoring tool developed based on those design principles enabled the
creation of a wide range of serious games, was usable by users with various
computer competencies and needs, all along the project life cycle and allowed
the reuse of developed components.

5.1 Principal findings

5.1.1 Authoring tool design principles

Based on desired characteristics of authoring tools, users categorization, and previous
research, we defined the following set of design principles.

Ensure Platform Independence.

Encompass the Entire Process.

Enhance Collaborative Works and Interaction.

Provide Basic Components to Create a Wide Range of Game Models.

Enable the Development of Composite Components.

Provide Specific Views for All Roles of Users.

Provide Authoring Support.

Make It Possible to Reuse Developed Components.

LN~ LNE
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9. Infer Generic Components Based on Usage.
10. Be Production Compliant.

5.1.2  Characteristics of the authoring tool developed based on those principles

We developed WEGAS based on those ten design principles. Use-cases showed that
WEGAS seems to allow the achievement of the wanted characteristics: powerful (C1),
usable (C2) and reusable components (C3).

C1: Powerful. Uses-cases illustrated that the authoring tool made it possible to develop
different types of game models in different areas of knowledge. Game models included
virtual patient simulations for medical education, 2D movement games, branching stories,
or treasure hunt games played on mobile phones.

C2.1: Usable by a wide variety of users, with various computer competencies and
needs. Use-cases showed that it was possible to provide computer scientists with a low
abstraction level view and to simultaneously provide high-abstraction level views for non-
computer scientists. Experimentation showed that those views enabled computer scientists
to develop the game, and to non-computer scientists to create the game content. We
observed that non-computer scientists have been able to develop fully new scenarios
without any help from computer scientists. For example, after having been briefly instructed
for the creation of a first scenario, fully new scenarios were created by nurses (in fields such
as respiratory or stomach diseases), managers (in fields of project management) or lawyers
(in fields of corporate law).

C2.2 Usable by users all along the project life cycle. In all use cases, WEGAS was used
both for the game development (by game modelers and Scenarists) and for game usage in
educational context (by Trainers and Students). In all use-cases, when offering the team the
possibility to collaboratively develop the game, this possibility has been used. Instead of a
sequential development with the development of the game model, followed by the graphic
design and then the content editing, we observed the simultaneous development of all these
aspects. While computer scientists were developing the game model, teachers were
simultaneously editing the game content. This has led to what can be considered a co-
creation of serious games, with the integration of teachers from the beginning of the
development.

C3: Reusable components. We observed that many generic components developed for
a specific game model have been reused in further game models. Reuse occurrences depend
on the genericity of the component. We believe that offering a component library, with
disposable components, may impact game design. This may favor creativity by proposing
components that the design team would not have thought about (for example, as they were
a mailbox component, some design teams decided to include a mailbox in their games). On
the other hand, it may limit creativity in game design if design teams are anchored in the
only proposed components.

5.2 Unexpected findings

Our targeted goal of integrating the characteristics of power, usability and reusability in a
single authoring tool was initially seen as antagonistic or as involving tradeoffs. But we
discovered that it wasn’t always the case.

Synergies were possible. We discovered that some design principles supported more
than one characteristic. For example, the development of an authoring tool providing basic
components that could be combined into composite components was necessary to develop
a wide range of game models. But the same components were reused to develop high
abstraction level views for game edition by Scenarists. Furthermore, as “supporting the
entire serious game life cycle” was another design principle, those same components were
once again reused to create trainer dashboards. Thus those basic and composite components
principles that where initially dedicated to power, supported simultaneously usability and
reusability.
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5.3 Limitations

We do not know if our set of design principles is the only one that enables the design of
powerful and usable authoring tools, nor that the respect of those principles will guarantee
power and usability. Rather, we believe that these 10 design principles can be used as a
basic guideline for the design of serious games authoring tools.

In all use cases, at least one member of the WEGAS development team was part of
game modelers teams. It has not been tested to what extent the development of game models
could be realized without the help of the WEGAS team.

Although many use cases have been carried out, it was not possible to test the
development of all types of game models. While WEGAS makes it possible to develop
many kinds of games, some kinds of game models are not possible to develop. For example,
since we have not developed interfaces for virtual reality headsets, virtual reality-based
game models cannot be developed with WEGAS.

No quantitative evaluation was conducted for assessing the usability of the content
editing system. This would have been linked to other research questions, and out of the
scope of this research.

We supposed that when developers were able to reuse an existing component (such as
a questions list, mailbox, or dialogue display) instead of developing that component, this
reduced development costs. But the cost impact of this reuse has not been measured.

5.4 Future work

We believe that further research should focus on how people with different computer
competencies use and perceive the different views provided by WEGAS. To quantitatively
validate the usability of the different abstraction levels, it would be worthwhile to perform
comparative evaluations, for example with the system usability scale.

5.5 Conclusion

We propose a set of ten design principles for serious games authoring tools. Those design
principles integrate and extend previous work in the field. The development of an authoring
tool based on those design principles showed that it was possible to integrate power and
usability, which were previously often presented as antagonistic.

Such authoring tools seem to facilitate the collaboration within multidisciplinary teams
of teachers and computer scientists. This could unlock new possibilities for collaborative
approaches in serious games development.
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