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Abstract

The adoption of technology, including virtual simulation and serious gaming, has
facilitated the adoption of experiential (“hands-on”) learning as an additional method
of healthcare education, in lieu of face-to-face instructions, healthcare placements, or
in the case of unavailability of clerkships. However, some limitations must be over-
come, including the one-size-fits-all approach in most virtual simulations and serious
games, which assume fixed scenarios that educators cannot easily modify. An addi-
tional challenge is facilitating the integration of a learning management system with
virtual simulations and game-based learning into the curriculum while encouraging

peer-based feedback.

Following an educational design-based research methodology, I developed two plat-
forms: the Moirai, a no-code authoring platform for creating dialogue-based serious
games, and the Gamified Educational Network (GEN), an experimental learning man-
agement system (LMS). The Moirai focuses on allowing educators with limited, if any,
programming knowledge to independently create and modify serious games that fit
their curriculum using a user-friendly visual programming interface. The GEN LMS
focuses on allowing educators to implement courses based on experiential learning (in-
cluding simplifying the ability to integrate virtual simulations and serious games into
a course) and peer-based feedback concepts, with automatized connection between

user-generated content and feedback elements.

Ten research projects were co-developed in partnership with various laboratories
and institutions, adopting the Moirai and/or the GEN LMS, performing user studies,
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and resulting in an iterative evolution of both platforms. Usability studies with
subject-matter experts and learners indicate that the GEN LMS and the Moirai
Authoring Platform (including the editor functionality and the resulting games) have
achieved higher than average usability scores. Although effectiveness has not been
tested, usability is the first step in an effective educational application as it will help
facilitate interaction, accessibility and possibly engagement for learners, potentially

enhancing the learning experience.

Keywords: serious games; no-code; authoring platform; learning management sys-

tem; experiential learning
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Chapter 1. Introduction

1.1 Opportunities

Remote learning was estimated to grow signi cantly, with a 2021 forecast for the
online education market at USD 350 billion by 2025 (not adjusted to consider the
pandemic impact) [1]. According to Straits Research, the global remote learning
market is expected to reach USD 645 billion by 2030 at a compound annual growth
rate of 13% during the period of 2022-2023 [2]. Additionally, the 2023 Pan-Canadian
Digital Learning Surveys [3] highlight a trend towards increased technology adoption
in education, whereby 89% of the survey respondents expect greater technology use

in post-secondary education over the next two years.

However, despite the report indicating that the vast majority (92%) of respon-
dents (administrators, teaching and learning leaders, and sta ) use an online plat-
form (e.g., an Learning Management System (LMS)) to facilitate faculty-to-student
interaction, only 10% adopt online labs or simulations. This presents a great potential
for the adoption of Simulation-Based Education (SBE), which has been studied and
researched over decades, particularly in the eld of healthcare education and training

[4HIE]-

Beyond its practical application, SBE and Serious Games (SGs) o er pedagogical
bene ts that align with Bloom's taxonomy [7], a widely recognized framework (orig-
inally published in 1956 and revised in 2001) for categorizing educational objectives.
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Bloom's taxonomy organizes cognitive learning into six hierarchical levels: remember,
understand, apply, analyze, evaluate, and create (Fig. 1.1). These levels guide instruc-
tional design, ensuring that learners progress from fundamental knowledge acquisition
to higher-order cognitive skills. The adoption of SBE and SGs provides learners with

structured learning experiences that move beyond passive knowledge recall, facilitat-

ing deeper engagement through analysis, evaluation, and creative problem-solving [&],

[°].

Figure 1.1: Bloom's taxonomy (taken from [10]).

Aside from facilitating remote synchronous and asynchronous learning, technol-
ogy, alongside educators and educational designers, has also facilitated experiential
(\nands-on") learning. Digital technology is instrumental to online learning and can
provide many bene ts when implemented in the educational realm, particularly by
facilitating remote learning, by including access to the most updated information,

sharing of content, and interaction with others worldwide [11]. These strategies o er



an alternative to classroom lectures and hands-on learning obtained during in-class
laboratory sessions or clinical clerkships. One possible approach is the adoption of

simulation through SBE and SGs.

Simulation is de ned by Lioce et al. as:

A technique that creates a situation or environment to allow persons to
experience a representation of a real event for the purpose of practice,
learning, evaluation, testing, or to gain an understanding of systems or

human actions [12, p. 44]

Simulation enables learners to train safely and iteratively, supporting various levels
of Bloom's taxonomy, and it allows learners to train until they achieve a specic
competency level [13]. For instance, lower-order cognitive skills such as remembering
and understanding are reinforced through guided instruction, while higher-order skills
like evaluation and creation emerge as learners engage with complex decision-making
in immersive environments. This pedagogical structure is particularly relevant in
elds requiring practical competency, such as healthcare, where simulated experiences

can enhance critical thinking and clinical reasoning.

Simulations can range from highly realistic and technologically complex manikins
that can talk and breathe to less realistic, cost-e ective and not-technologically ad-
vanced simulators, such as simulators with materials such as rubber tubing or soda
straws to simulate arteries [4]. Some e orts have been made to develop valid yet cost-
e ective simulation solutions using three-dimensional (3D) printing [14], [15] paired

3



with video-rich learning management systems [16], [17]. Although some of the projects
presented in Chapter 6 explore the usage of 3D-printed simulations, it is not the focus
of this thesis. For more information regarding the application of 3D-printing in the

healthcare domain, refer to the literature review by Dong et al. [18].

Virtual simulations, as de ned in the Healthcare Simulation Dictionary by Lioce
et al. [12], \injects humans in a central role by exercising motor control skills [...],
decision skills [...], or communication skills [...]," (p. 56) whereby the recreation of
reality is depicted on a computer screen. Although researchers such as Foronda et
al. [6] propose to split this term to di erentiate between partially immersive (screen-
based) and fully immersive (headset-based) experiences, for this work, | will continue

using virtual simulation as an \umbrella” term.

Virtual simulations in nursing education were validated as an e ective pedagogy,
with learning outcomes comparable to manikin-based simulation [6]. Additionally,
SGs, part of the virtual simulation modality as presented by the taxonomy in Chap-
ter 2, have been used to train healthcare professionals in various specialties, including
neurology, emergency, physiology, forensics, and urology, for knowledge transmission

or skill improvement [19].

A recent meta-analysis con rmed that SGs can foster positive learning attitudes
and enhance cognitive abilities and engagement [20]. Other studies show that SGs
increase learner memory retention, engagement, and motivation in learning, even

among special-needs learners [21].



The adoption of virtual simulation and SGs, as part of SBE, can foster positive
learning attitudes and improve cognitive engagement, but existing solutions often lack
customizability and user-friendly interfaces for educators without technical expertise,
as explored in Chapter 3. This gap necessitated the development of tools like the
Moirai (a no-code serious game authoring platform) and the Gami ed Educational
Network (GEN) LMS (a gamied learning management system focused on experi-
ential learning), guided by a Design-Based Research (DBR) methodology to address
usability and exibility. The Moirai empowers educators to autonomously create
SGs in an user-friendly web interface, without requiring prior programming knowl-
edge or technical skills. SGs developed on thiMoirai can be exported and loaded
into most LMSs (such as the GEN LMS) via the Sharable Content Object Reference
Model (SCORM) standard. The GEN LMS is a platform developed around gami -
cation components and focused on supporting debrie ng techniques and experiential

learning, including virtual simulations and SGs.

1.2 Challenges

Despite the potential of SBE and SGs (e.g., making the courses more engaging, al-
lowing for practical application of learned concepts, and helping to make teaching
more accessible and dynamic) [22], they face challenges that limit their e ectiveness
in supporting Bloom's higher-order cognitive skills. One key issue is the lack of cus-

tomizability, whereby most SGs have xed scenarios that cannot be straightforwardly



modi ed, leading to predictable, disengaging, and repetitive experiences, which, af-
ter several sessions, can negatively impact their e ectiveness as teaching tools [23]
(which refer to resources, technologies, materials, or methods that facilitate teach-
ing and learning). Other limitations can restrict their use, including the di culty

of their inclusion in the didactical system (i.e., learning management systems) and
the involvement of several stakeholders (usually from multidisciplinary competence

elds) [24].

Therefore, there is a gap for novel tools that allow educators to rapidly modify and
customize the educational content, avoiding both the xed scenario problem and the
one-size- ts-all approach (i.e., unmodi able single scenarios). E ective implementa-
tion of Bloom's taxonomy in digital learning environments requires tools that em-
power educators to design exible, adaptive experiences that guide learners through
progressively complex cognitive tasks. However, many platforms fail to provide the
necessary authoring exibility, limiting their potential as pedagogical instruments.
Such an approach requires new development methods that allow educators who may
have limited programming experience and technical knowledge to create/modify con-

tent in a simple manner [25].

Individualizing content is bene cial because each student has their own learning
pace, style, and specic needs. Personalizing content allows educators to tailor the
material to accommodate these di erences, ensuring all students can learn more ef-
fectively. Customized content keeps students more engaged and motivated since it

becomes more relevant to their experiences and interests [26], thus possibly reducing



the risk of disinterest and abandonment.

Adopting Information and Communications Technology (ICT) tools, such as LMSs,
provides opportunities for learners to drive their learning through interactivity, col-
laboration, personalization and exibility [27]. Furthermore, adopting these tools can
be challenging for several reasons. First, integrating these tools into existing curricula
may require signi cant restructuring of traditional teaching methods, which may face
resistance from educators and administrators conditioned to more conventional prac-
tices. Another challenge is the learning curve associated with e ectively using these
technologies. Both educators and students may need time and support to familiarize

themselves with new platforms and features.

However, it is important to highlight that adoption of ICT tools does not drive
learners' motivation and engagement by itself, and will not inexorably lead to a
classroom transformation [28]. A literature review by Timotheou et al. indicates
that the impact of technology on education depends on various interconnected factors
(e.g., digital competencies, students' socio-economic background and family support,
teachers' characteristics and professional development, among others) and not on
technology by itself [29]. Timotheou et al. also emphasizes that technology's role in
education is more of an enabler of new practices, providing support in the learning

processes [29].

Regarding LMSs, they support learners in taking responsibility for their learning in
a self-directed manner, choosing and following a learning path according to their time
and needs [30]. Although an LMS's primary function is about concept attainment, it
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is also essential that it supports learning holistically, integrating aspects that promote

student inclusion and engagement [30].

Moreover, LMSs can leverage the a ordances provided by digital technology to
support the formation of educational networks. These networks are collaborative
environments where participants (such as trainees, instructors, and experts) can con-
nect and interact within a speci ¢ educational experience, with an enhancement and
simpli cation of interactions among participants, making it easier for them to hold

conversations, provide feedback, and engage in meaningful exchanges at any moment

[31K[33].

These interactions among peers during the learning process facilitated through
an educational network make knowledge acquisition more e ective [30]. In this con-
text, knowledge refers to the understanding, awareness, or familiarity gained through
education, experience, or association. It encompasses facts, information, and skills
achieved through learning. Additionally, research indicates that groups of learners
(peers), as a collective and with access to information, may provide similar feedback
to that of an expert in video-based activities [34], [35], reinforcing the importance of
adopting the educational network concept to facilitate collaboration and interaction
amongst peers. It underlines the relevance of educational networks in promoting con-
tinuous interaction and mutual support among students, which is crucial for e ective

knowledge acquisition.

To address these challenges, this thesis explores the development of two plat-
forms: the Moirai, a no-code serious game authoring platform, and the GEN LMS, a

8



gami ed learning management system designed to enhance peer-based feedback and
experiential learning. The development of these platforms was guided by DBR (pre-
sented in Section 1.4), which served as the methodological foundation for iterative
development, evaluation, and re nement. Additionally, both platforms were designed
with customizability and usability in mind, ensuring that educators can create and
modify interactive learning experiences that align with Bloom's taxonomy, support-

ing educators in achieving higher-order cognitive goals. This approach ensured that
the tools were iteratively re ned based on feedback from interdisciplinary teams and
end-users. By involving educators, subject-matter experts, and learners throughout
the development process, DBR facilitated the creation of platforms that meet diverse

educational needs while overcoming usability barriers.

1.3 Research Contributions

During this thesis, | have worked in collaboration with various interdisciplinary
projects (presented in Chapter 6) with the goal of exploring and improving learn-
ing experiences through experiential learning, collaboration, engagement, and virtual
simulations. To that end, | have developed two platforms: theéMoirai, a no-code
authoring platform for SGs, and the GEN, an LMS built around gami cation. The
GEN LMS is used as a base platform, hosting SGs generated on Meirai, but those

SGs could also be used in other LMSs.

Moirai addresses the di culty faced by educators from all domains, who often



have limited knowledge of Computer Science or programming, in creating and modi-
fying customizable SGs, allowing them to overcome the one-size- ts-all approach and

introduce variability of practice.

Moirai consists of two components: an Editor and a Player. Th®loirai Editor
allows educators to create and modify customizable dialogue-based SGs through a
user-friendly interface. The output is theMoirai Player, a self-contained SG that
follows the structure of a visual novel game (a genre of interactive narrative-focused
games), capable of being played on regular web browsers in addition to the capa-
bility of being incorporated into LMSs. Interactive narratives can enrich and foster
more engaging experiences, frequently serving as a backdrop and providing context
in educational gaming [36]. Although theMoirai provides the a ordances and func-
tionalities to develop such interactive narratives, the educators are the ones providing

the content that will result in educational experiences.

With the GEN LMS, | developed a learning management system that supports
experiential learning by providing access to educational and instructional content
(including virtual simulations and SGs) and allows peers to communicate amongst
themselves and with Subject-Matter Experts (SMES) in an educational network, pro-
viding and receiving feedback asynchronously and anonymously (if de ned by the
educator). A unit of learning* can be set up allowing learners to upload videos (e.g.,
video of themselves performing some task) and have them be automatically assigned

guestionnaires to be answered by their peers and/or experts (with the results read-

1They can be called "Courses' or *"Modules' in the GEN LMS, depending on how they are set up.
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ily available to the videos' authors), and also automatically create discussion boards
to allow open-ended feedback and discussions. These settings mentioned previously
are necessary because they promote interactivity, immediate feedback, collaborative
learning, personalization of learning, and content exibility. Additionally, units of
learning can be structured to have elements accessible by everyone (public) or based
on the user's role (e.g., learner, instructor, editor, admin), making it possible to have

di erent outlines for di erent roles. For example, an instructor could be restricted

to access only sections that must be evaluated and provide feedback to the learners.
In contrast, learners can access to sections containing the activities (e.g., quizzes and

uploads) they must participate.

Both platforms were developed following the DBR approach (explained in Sec-
tion 1.4), guided by a series of projects co-designed and developed in partnership
with teams from various institutions and domains (e.g., cultural competency, mental
health education, and surgical education). DBR was the ideal choice for this research
because of its emphasis on bridging theory and practice through iterative cycles of
design, testing, and re ection. Given the interdisciplinary and evolving nature of ed-
ucational technology, DBR's structured yet exible approach enabled the continuous
improvement of the Moirai and the GEN LMS in response to real-world challenges
and user feedback. By employing McKenney and Reeves' expanded DBR model [37],
this research not only advanced educational theory but also produced deployable

solutions with validated usability and e ectiveness.

Finally, the goal is to employ SGs as intrinsic motivators by combining the GEN
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LMS and the Moirai to engage and motivate learners to use the platform, ultimately
stimulating and allowing for SBE while also helping educators integrate SGs into their

educational material.

In summary, the contributions of this thesis span multiple dimensions, with the

adoption of DBR as a cornerstone:

" Exploration of Learning Platforms: Investigated how theMoirai and the
GEN LMS platforms support experiential learning and the integration of cus-
tomizable SGs, with interdisciplinary user studies demonstrating their e ective-

Nness.

Interdisciplinary Collaboration: Implementation of a multi-project strat-
egy involving Education, Health Sciences, and Computer Science in designing
and developing theMoirai and the GEN LMS, enhancing their generalizability
and better addressing the needs of partners (including research teams, educa-

tors, and administrative sta ).

" Application of DBR: Employed the DBR approach and agile methodology
to iteratively design, develop, and evaluate theMoirai and the GEN LMS,

addressing usability, utility, and usefulness.

The DBR methodology's iterative cycles allowed both platforms to evolve in re-
sponse to real-world challenges, ensuring practical applicability and theoretical con-

tributions to technology-enhanced education.
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1.4 Design-Based Research Methodology

The development of theMoirai and the GEN LMS followed a modi ed DBR ap-

proach, which was selected due to its iterative and collaborative nature, enabling
continuous re nement of both technology and theoretical frameworks. Barab and
Squire de ne DBR as \a series of approaches, with the intent of producing new the-
ories, artifacts, and practices that account for and potentially impact learning and

teaching in naturalistic settings" [38, p. 2].

Among the various DBR frameworks, McKenney and Reeves' educational DBR
model [37] (Fig. 1.2) was adopted for this thesis due to its emphasis on iterative
cycles (reorganizing the three core DBR phases as sub-components and organized
under micro, meso, and macro-cycles), and its ability to balance theory development

with practical application.

Figure 1.2: Mckenney and Reeves educational DBR model (taken from [37]).

The DBR process is structured into three iterative core phases (micro-cycles):
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" Analysis and Exploration: This phase de ned the problem, identi ed gaps
in existing simulation tools, and explored potential solutions. For example,
literature reviews and consultations with subject-matter experts revealed the

need for more customizable, user-friendly tools to enhance experiential learning.

Design and Construction: During this phase, prototypes were developed
iteratively, incorporating feedback from educators and researchers to ensure the
tools met diverse user needs. Agile methodology was integrated into this phase,
emphasizing rapid prototyping and continuous improvement through two-week

sprint cycles.

Evaluation and Re ection: Each prototype was tested and re ned based on
usability studies and feedback from end users. This phase focused on assessing
utility and usability, as these factors are foundational to e ective educational

interventions.

The DBR approach also incorporated Agile development practices, which comple-
mented the iterative nature of DBR by enabling frequent feedback cycles and adaptive
design. Each meso-cycle (representing a project, described in Chapter 6) within the
macro-cycle (the broader doctoral research) contributed to the development of the
Moirai and the GEN LMS, addressing speci ¢ research questions related to usability,
engagement, and experiential learning. For instance, early meso-cycles prioritized
evaluating user reactions (Kirkpatrick Level 1 [39]) to ensure that the tools were en-
gaging and relevant, while later cycles focused on re ning features based on these
insights.
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1.5 Application of DBR to the Moirai and the

GEN LMS
The iterative DBR approach enabled the simultaneous development of narrative (con-
tent stream) and technical components (tech stream) for Moirai. Continuous commu-
nication between the teams ensured alignment between the content and functionality
of the tools, with each sprint cycle ending in feedback sessions. This process led to
the creation of functional prototypes, which were evaluated in subsequent cycles for

usability and engagement.

For the GEN LMS, the adoption of DBR facilitated the design of customizable
components that educators could easily adapt to diverse learning contexts. By inte-
grating utility and usability evaluations, the DBR process ensured that the platform
addressed the speci ¢ needs of educators and learners, contributing to both practical

outcomes and theoretical advancements in educational technology.

Jakob Nielsen highlights the importance of exploring utility (whether the design
provides the features that the user needs) and usability (how easy and pleasant the

features are to use) to determine if a system does what the users need it to do:

Usability and utility are equally important and together determine whether
something is useful: It matters little that something is easy if it's not what
you want. It's also no good if the system can hypothetically do what you
want, but you can't make it happen because the user interface is too dif-
cult. To study a design's utility, you can use the same user research
methods that improve usability. [40]
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Additionally, Olsen et al. emphasizes the impact of usability on learners' experi-

ences:

If there are numerous bugs and usability issues, this will greatly detract
from the learning outcome by increasing the e ort to operate the game,
thereby decreasing the available e ort and attention focused on learning

the material. [41, p. 631]

By integrating DBR, this thesis demonstrates the methodology's potential to:

" Enhance Usability:  Prioritize user-friendly design, enabling educators to cre-

ate and customize SGs without technical expertise.

" Foster Collaboration: Promote interdisciplinary integration, ensuring that

the platforms address diverse educational and domain-speci c requirements.

” Advance Educational Theory: Provide empirical evidence supporting DBR

as a robust framework for developing technology-enhanced learning tools.

1.6 Limitations

The studies performed with the SGs created using thdoirai (discussed on chapter 6)
have validated their usability. However, their e cacy as educational tools must still

be veri ed in future work. Additionally, | acknowledge that the development of the
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Moirai and GEN LMS platforms was exploratory, tailored to the requirements of the
related research projects presented on chapter 6. A focused study to directly assess

and evaluate the features and a ordances provided would yield useful insights.

Some studies performed with the GEN LMS had their content validity and/or
e cacy assessed compared to control groups also using the GEN LMS. However, in
future work, it must be evaluated compared to leading LMS platforms such as Canvas
or Moodle. Moreover, as some of the studies had participants evaluating the GEN
LMS platform in tandem with the content, conclusions cannot be drawn with a high

degree of certainty.

Furthermore, | recognize that developing an authoring tool such as thdoirai to
empower users with limited technical knowledge is challenging, and some restrictions
are necessary. It is not the goal to make an extremely friendly but technically limited
platform that will not be useful for educators. There will be a trade-o between
functionality and ease of use, while maintaining a short learning curve. Additionally,
game developers and 3D artists are currently needed to design the 3D environments

and characters available on théMoirai platform for educators.

Lastly, regarding the e ectiveness of DBR, the iterative nature of DBR requires

signi cant time and resources, which may not be feasible for all project.
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1.7 Research Classi cation

This research is inherently interdisciplinary, combining insights from various elds

to address practical challenges while contributing to theoretical advancements. It
focuses on improving the understanding of concepts such as no-code serious games
authoring (Moirai ) and peer-based feedback and experiential learning (GEN LMS).
Given its dual focus on practical application and fundamental understanding, this
research aligns with the \use-inspired basic research” classi cation in Pasteur's quad-

rant (Fig. 1.3).

Stokes introduced the concept of Pasteur's quadrant in 1997 [42] as a critique
of the traditional linear model of innovation, which assumes a direct progression
from basic research to applied research, and then to development and production.
Instead, Stokes proposed a two-dimensional framework for classifying research based
on its motivations (Fig. 1.3): the quest for fundamental understanding (y-axis), and
considerations of use (x-axis). The framework includes three key quadrants, named

after renowned researchers to illustrate di erent types of research:

" Bohr's quadrant : pure basic research, driven solely by the quest for funda-

mental understanding.

" Edison's quadrant : pure applied research, driven solely by practical consid-

erations of use.
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A

Pasteur's quadrant : use-inspired basic research, motivated by both practical

use and fundamental understanding.

Figure 1.3: Stoke's quadrant model of scienti ¢ research (adapted from [42].

This research falls into Pasteur's quadrant, as it seeks to address practical chal-
lenges in SBE (e.g., usability, accessibility, and customization) while advancing theo-
retical understanding in areas such as user-centred design and experiential learning.

For example:

" The development of theMoirai focused on creating a no-code platform for
SGs authoring, making advanced educational tools accessible to non-technical
educators while contributing to the broader understanding of usability and user-

centred design principles in SG development.

" The GEN LMS emphasizes peer-based feedback and experiential learning, pro-
viding a practical solution to enhance engagement and usability while exploring
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theoretical questions about how technology facilitates collaborative learning.

Furthermore, the adoption of the DBR methodology aligns with this classi cation,
as Anderson and Shattuck [43] argue that the DBR naturally ts within Pasteur's
guadrant because it maximizes generalization and insight while producing practical
applications. As discussed in Section 1.4, the iterative nature of DBR allowed this
research to re ne prototypes of theMoirai and GEN LMS platforms based on real-
world feedback, ensuring that the tools addressed both practical needs and contribute

to broader educational theories.

In summary, by positioning this research within Pasteur's quadrant, it re ects this
thesis' dual commitment to addressing real-world gaps and challenges in SBE (iden-
tied in Section 1.2) and contributing to the theoretical foundations of educational
technology design. This classi cation underscores the value of integrating theory
and practice to advance both the usability of educational tools and understanding of

e ective pedagogical frameworks.

1.8 Research Questions, Hypotheses, and Objec-
tives

1.8.1 Moirai

| adopted the Population, Intervention, Control, Outcome (PICO) framework to guide

the formulation of the research questions. PICO is a mnemonic primarily used in
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clinical studies, although it can be used universally by all scienti c endeavours in any

discipline [44]. Nishikawa-Pacher de nes PICO as [44]:

" P: Patient, population of interest, or problem. Poses the research object or the

unit that is being observed by the research.

~ I: Intervention. Denotes the application of a method, a theory, the sequence
of conceptual or practical steps with which knowledge generation about the

research object can be achieved,;

" C: Comparison or control. Alternative theories or methods, in the absence of

which it is the null hypothesis;

O: Outcome. The aim of knowledge generation. Often, the goal is to attain a

plausible explanation for an underlying research puzzle.

Therefore, regarding theMoirai and based on PICO, this thesis explored the
following research questions, hypotheses, and objectives, adopting null-hypotheses as

the control (C):

Moirai Research Questions (M-RQ)

(M-RQ1) How does theMoirai (I) meet the needs and expectations of educators
(P) while creating SGs (O) in terms of usability, user-friendliness, and

functionality?

(M-RQ2) To what degree does the usability of SGs (O) developed using Moirai
(I) in uences the experience of learners (P)?
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(M-RQ3) What is the adequacy of applying the educational DBR methodology

(I) across multiple projects (P) in the creation ofMoirai (O)?

Moirai Hypotheses (M-HY)

(M-HY1) Usability evaluation of the Moirai with educators who use it to create

SGs will exhibit a high level of usability.

(M-HY2) Usability evaluation of the games created using théMoirai with stu-

dents/ trainees will exhibit a high level of usability.

(M-HY3) The iterative process of applied interventions of the DBR methodology
across multiple projects will provide a solid foundation for designing,

developing, and evaluating theMoirai .

Moirai Objectives (M-OB)

(M-OB1) Continuously develop and iterate theMoirai incorporating the features
and a ordances based on the needs of related research projects as part

of the DBR methodology.

(M-OB2) Using a co-design approach with educators, develop thoirai 's user

interface and features to facilitate the development of SGs.

(M-OB3) Evaluate the usability of the Moirai with educators through open-ended

feedback and a usability questionnaire.
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(M-OB4) Evaluate the usability of the SGs created with theMoirai with learner-

s/trainees.

1.8.2 GEN LMS

Regarding the GEN LMS, this thesis explored the following research questions, hy-

potheses, and objectives:

GEN LMS Research Questions (G-RQ)

(G-RQ1) How usable and user-friendly is the GEN LMS (1) in supporting learners

(P) during peer-based feedback and experiential learning activities (O)?

(G-RQ2) How adequate was applying the educational DBR (I) across multiple

projects (P) in the development of the GEN LMS (0O)?

GEN LMS Hypotheses (G-HY)

(G-HY1) The GEN LMS will be very useful and user-friendly to learners engaging

with peer-based feedback and experiential learning activities.

(G-HY?2) The iterative process of applied interventions of the DBR methodology
across multiple projects will provide a solid foundation to design, de-

velop, and evaluate the GEN LMS.

GEN LMS Objectives (G-OB)
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(G-OB1) Continuously develop and iterate the GEN LMS incorporating the fea-
tures and a ordances based on the needs of related research projects as

part of the DBR methodology.

(G-OB2) Evaluate the GEN LMS usability in peer-based feedback and experiential
learning activities through open-ended feedback and usability question-

naires.

1.9 Thesis Structure

The remainder of this thesis is organized as follows: Chapter 2 provides an overview
of concepts and topics explored during the development of this thesis (such as virtual
simulation, SGs, among others). Chapter 3 presents a list of related works found
through a rapid review on the state-of-the-art literature regarding authoring tools to
create dialogue-based SGs focused on non-technical users. In Chapter 4, | present the
Moirai, its three components (the Dashboard, the Player and the Editor) structure
and two usability studies about theMoirai Editor. In Chapter 5, | present the second
element of this thesis, the GEN LMS, its gami cation elements, structure, deploy-
ment, a user interface study and a companion mobile application. Chapter 6 presents
ten projects developed during this thesis (i.e., meso-cycles that comprise of the de-
velopment iterations) which employed thevioirai, and the GEN LMS, containing an
overview, context, research and development aims, implementation, user studies, and

conclusions. In Chapter 7, | present a discussion about the research activities. Lastly,
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in Chapter 8, | nalize by presenting my conclusions and plans for future work.
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Chapter 2. Background

This chapter presents the main concepts explored during the development of this
thesis: Interdisciplinary and Multidisciplinary Collaboration, Virtual Simulation, Se-

rious Games, Variability of Practice, Visual Novel Games, Visual Programming, Web
Frameworks, Learning Management Systems, Gami cation, and the System Usabil-
ity Scale (SUS). A literature review of authoring platforms for SGs is presented in

Chapter 3.

2.1 Interdisciplinary and Multidisciplinary Collab-
oration

To address the challenges in developing thdoirai and GEN LMS platforms, col-
laboration with multiple domains, such as healthcare and education, was required.

Instead of following the classic multidisciplinary approach, | have adopted an inter-

disciplinary collaborative approach.

Multidisciplinary collaboration involves contributions from multiple disciplines
working in parallel to address a shared objective. Each member or group operates
within its boundaries, contributing specialized knowledge without signi cant integra-
tion of methods or perspectives [45]. This approach resembles thaterfall software
development modelwhere distinct phases (e.g., requirements, design, development,
and testing) are carried out sequentially, independently and with limited interaction

between phases.
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Interdisciplinary collaboration, in contrast, goes beyond parallel contributions by
integrating concepts, theories, and methods across disciplinary boundaries to gen-
erate new knowledge or solutions [45]. This approach aligns more closely with the
agile methodology(presented in Section 1.4), that emphasize continuous collabora-
tion, iteration, and the blending of roles to adapt to evolving requirements and de-
liver cohesive solutions. Interdisciplinary collaboration enables mutual learning and
integration, producing outcomes that could not emerge from a purely disciplinary

approach, and that is more than the sum of the individual parts.

For this thesis, interdisciplinary collaboration was more appropriate since it al-
lowed for the convergence of Computer Science, education, healthcare and domain-
speci ¢ knowledge into cohesive platforms that address usability, engagement, and

exibility holistically.

The iterative and integrated nature of research projects carried out during this
thesis and presented in Chapter 6 mirrors the strengths of interdisciplinary collabo-

ration. For example:

" The Moirai authoring platform integrated user-friendly interface design (Com-
puter Science), educational strategies such as variability of practice, and domain-
speci ¢ expertise from healthcare professionals to create a no-code authoring

platform that empowers educators without technical expertise.

" The GEN LMS combined technical a ordances with gami cation principles and

peer-based feedback mechanisms to create a platform that supports experiential
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learning and collaboration.

By fostering continuous feedback and integration, both platforms addressed chal-
lenges such as usability barriers, domain-speci ¢ constraints, and limited customiza-
tion options. This synergy underscores the transformative potential of interdisci-
plinary research in creating impactful, sustainable, and user-centric educational tech-

nologies.

2.2 Virtual Simulation

SGs are often confused with \simulators,” \training simulators,” and \simulation
games" [46], and terms such as \simulation" and \virtual simulation,” which, al-
though broadly used, have meanings that depend on the context and domain. Al-
though simulation games involve the simulation of realistic situations, that does not

imply that they are SGs unless they have an underlying educational purpose.

For example, the term \virtual simulation" can describe physical simulation modal-
ities (e.g., manikins) that are virtually facilitated (e.g., by web conference). However,
it can also describe a physically situated simulation conducted in a Cave Automatic
Virtual Environment (CAVE)-like environment with images projected on the walls to
help increase the participants' immersion. It can also describe simulations whereby
the modality is virtual, with images and interactions generated by computer soft-

ware [47]. Fig. 2.1 presents a taxonomic tree depicting \virtual simulation" activities.
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The Moirai platform presented in this thesis (Chapter 4) can create virtual sim-
ulations in the \screen-based simulation” modality, which includes SGs. But for
the context of this thesis, | have adopted the term \serious games" as the broader

de nition, including virtual simulations.

It is important to reinforce that \simulation" is a technique, not a technology,
and it can replace or amplify real experiences with guided experiences that evoke or
replicate substantial aspects of the real world in a fully interactive manner [48]. Addi-
tionally, simulations can employ di erent modalities, such as task trainers, standard-
ized patients, computerized manikins, virtual reality, and case studies, among other
possibilities (e.g., a combination of modalities) [49]. Regardless of the technology
and modality adopted, a simulation will have a particular structure or architecture,

a speci ¢ way that it unfolds and that the learner interacts with it. Verkuyl et al.

propose the following classi cation [47]:

Linear
The simulation follows a single navigation path from node to node. Each node
represents a step or point in the simulation that may contain information, media
(images or videos), self-assessment questions, decision options, or other interac-
tions. This simulation presents limited interaction to the learner, as their choices
do not a ect how the scenario unfolds, but they help keep the learner on course

and are most straightforward to create.

Branched
The simulation progresses from node to node, but at each decision point, the
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scenario progresses di erently based on the learner's choice. At each decision
point, limited options (2{4) are typically presented to the learner. The outcome

of the simulation depends on the learner's choices.

Pseudo-branched
Similar to branched cases, but authored to limit the number of possible paths
and outcomes of the simulation. Some choices may bring the learner back to a

previous node to choose another option, or some paths may merge back together.

Exploratory
These open-ended simulations allow the learner to explore a situation and decide
what information to gather. For example, these take the form of a meeting be-
tween the professional and a client where the learner can choose what questions
to ask, what assessments or investigations to perform, and other information to
gather. Once the learner is ready, they are asked to commit to an assessment of the
situation or an action plan. Learners receive feedback on information gathered,

information omitted, e ciency, and their ultimate decision.

Responsive
Responsive virtual simulations are also open-ended but powered by an engine (e.qg.,
in healthcare, it would be a physiology engine). Learners can choose assessments
and interventions, and the simulator will respond in real time to their actions.
In healthcare, these are typically used for emergency or critical care simulations,
where interventions such as intravenous uids or endotracheal intubation have
rapid e ects.
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Communication
Some platforms focus on re-creating communication between a service provider
and a client or among providers. They use natural language processing and ar-
ti cial intelligence to interpret the learner's questions and provide appropriate
responses. Other platforms focus on the nuances of how to phrase communica-
tions and are built more like a branching case, but with a relationship and trust

with the client that can be built or lost.

Procedural
These virtual simulations are explicitly designed to teach about a manual proce-
dure or other step-wise processes. The ow of a scenario may resemble a linear or

pseudo-branched case, but the focus will be on the procedure.

2.3 Serious Games (SGSs)

Games (and its more recent relative, computer games) have been created as leisure
activities with the primary purpose of providing entertainment [50] and have grown
into a multi-billion dollar industry. It is estimated that globally, the video games
industry alone generated USD 184 billion in revenue in 2023 [51], making it more
prominent than the global revenue generated by the music and movie industries com-
bined [52]. Additionally, according to [53], by 2025, the global games market will

generate USD 211.2 billion.

However, not all games have the same goal. SGs are designed for purposes other
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than, or in addition to, pure entertainment [54]. Within SGs, there is also a subset
called \games for learning," explicitly designed with some learning goals in mind [54].
Furthermore, within \games for learning” we can also identify \educational games,"
which implies games used in formal educational settings [54]. Therefore, all \games

for learning” are SGs, and all SGs are games.

Similar to the previously mentioned video games market, the global market for
SGs is also experiencing signi cant growth. Valued at USD 9.71 billion in 2023,
it is expected to grow by 20.3%, reaching USD 11.67 billion in 2024. By 2028,
the market is projected to reach USD 25.74 billion, driven by personalized learning
solutions, advancements in healthcare patient care, and the global expansion of e-

learning, among other factors [55].

SGs are used for various domains and purposes, such as healthcare education
(e.g., surgical trainers) and the military (e.g., recruitment). In healthcare, SGs have
been used to train healthcare professionals in various specialties, such as neurology,
emergency, physiology, forensics, and urology, for knowledge transmission or skill

improvement [19].

Note that developing a game or SG is an endeavour that usually requires the in-
volvement of several stakeholders from multiple disciplinary domains, such as artists,
developers, SMEs, and educators. Even with the advent of game engines (i.e., Unity,
Unreal, Gamemaker) that provide a full range of tools to assist development, it is
still a non-trivial activity. Visual programming concepts have been adopted to help
alleviate some of the development burden and complexity in the game development
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domain, education, and enterprise.

2.4 Variability of Practice

As mentioned previously, one of théMoirai 's goals is to support educators in over-
coming the one-size- ts-all approach (unmodi able single scenarios) by empowering
them to create and customize SGs. That ties into the concept ofriability of prac-
tice: \the nding that varied (i.e., continually changing) practice is more e ective for
schema construction than constant (i.e., always the same) practice." [56] Although
the term variability of practice originates from motor learning theories (particularly
Schmidt's schema theory) [57], it can also be applied to complex cognitive tasks,
whereby learning from varied experiences positively a ects the transfer of learning
(i.e., the in uence of learning in one situation on learning in another situation) [56],
[58]. Allowing educators to use an authoring tool to create customized SGs will pro-

vide them with the opportunity to introduce variability to their educational material.

2.5 Visual Novel Games

Visual Novel (VN) is a genre of interactive narrative-focused games that originated
and is widely popular in Japan and has become more popular worldwide in the past
decade [59], [60]. Through interactive narratives, players can create or impact a

storyline through specic actions [61]. VN games have been extensively used as
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tools to address various topics (e.g., disabilities, health) and have also been used as

educational tools in various domains (e.g., chemistry, cooking, health) [60].

Although VN is a popular game genre, its de nition varies extensively. After
analyzing 30 prior academic de nitions and 54 VNs, a singular de nition was proposed

by Camingue et al. [60]:

\A Visual Novel (VN) is a digital narrative-focused game that requires
interactions where the player must be able to impact the story world or
the story's progression. The story and interactions are most commonly
presented through a text box and often employ additional forms of inter-
action, including menu choices|which often contain sets of actions that
the player character can perform|or dialogue options representing the
player character's speech or thoughts. Crucially, VNs have On-Click Pro-
gression, where the player clicks, taps or presses a button to see the next
part of the story. The aesthetics of VNs are often conveyed through static
images of characters, background art, sound e ects (SFX) feedback, and

soundtracks." [60]

Adopting a VN-style approach in the design of the SGs created using tiMoirai
provided me with a reference for a game structure and User Interface (Ul) that has
been widely adopted, studied and also used in educational domains [6Mloirai -

based SGs present the story via a series of text boxes and choices (supported by an
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audio narration), whereby the player must interact to progress. Th&loirai platform

is presented in detail in Chapter 4.

Additionally, through the analysis of the existing VN games, Camingue et al. also
identi ed features that were not explored in educational VNs and could potentially
improve their learning outcomes [60]: (i) employing story-based customization (i.e.,
having choices that alter the player's character and also a ect the game), and (i)
player-centric interactions (i.e., interactions that assist the player but do not a ect

the game) [60].

Furthermore, Camingue et al. also conducted a study of 31 existing educational
VNs. They proposed a taxonomy of ve key dimensions for educational design and

teaching strategies within VNs [62]:

1) Teaching Through Choice
\The focus on learning and story progression is through the selection of explicit
choices for the player's character. In this way, concepts are delivered through the

player experiencing the e ects of their choices."

2) Teaching Through Scripted Sequences
\Players progress through the story by being reliant upon scripted sequences (i.e.,
scenarios), requiring the player to perform the designer's exact intended actions

before allowing them to progress.”

3) Teaching Through Mini-games
\Players are taught concepts through playing mini-games|which has had a long
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history of use in serious games and has been shown to be an e ective educational

tool for such games."

4) Teaching Through Exploration
\The player is taught concepts through exploration of the game's world. This
type of teaching relies on self exploration, and oftentimes employs a hidden story

structure where players have to discover story content in order to progress.”

5) Non-interactive Teaching
\Rely solely on narration and character dialogue to convey educational content
and teach players. [...] This strategy teaches passively with learners receiving
information without doing any activities to learn new concepts or reinforce existing

ones."

2.6 Visual Programming, Low-Code and No-Code

Large technology companies such as IBM [63], Microsoft [64] and Amazon [65] have
been investing in empowering end users to create applications for their platforms [66],
applying either a \low-code" or \no-code" approach. Low-code is a Rapid Application
Development (RAD) approach to software development that enables faster delivery
of applications through minimal hand-coding and with visual building blocks such as
drag-an-drop-drop and pull-down menu interfaces [67], [68]. No-code is another RAD

approach, often considered a subset of low-code. Although primarily visual, low-code
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still allows the developer to use scripts or some form of manual coding. In contrast,

no-code takes an entirely hands-o approach, relying solely on visual tools [68].

Visual programming has been successfully used to teach novices basic program-
ming concepts, and now it is being adopted beyond the educational domain by end
users to develop applications tailored to their needs [66]. End users know their do-
main, needs, and speci cities. End-User Development (EUD) has emerged as a eld
that caters to that audience, developing tools and activities to allow those who are

not professional developers to create applications [69].

Gartner projected that in 2023 the low-code development technologies market
worldwide would increase by 19.6% to US[$26.9 billion [70]. In addition, Gartner
predicts that by 2024, 80% of technology products and services will be built by those
who are not technology professionals, driven by the adoption of low-code and Al-

powered tools [71].

A systematic review by Kuhail et al. [66] identi ed the following approaches to

presenting visual programming tools:

Form-based
Allows users to construct a functional Ul by dragging and dropping visual com-

ponents into a form (Fig. 2.2).

Diagram-based
Allows users to construct a program by connecting visual components where the
output of one component serves as data input to another component (Fig. 2.3).
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Block-based
Allows users to construct a program by combining visual blocks that t together

like a jigsaw puzzle (Fig. 2.4).

Icon-based
Allows users to construct a program by connecting icons to represent data ow

(Fig. 2.5).

Figure 2.2: Form-based tool: GPE - graphical PalCom user interface markup language
editor (taken from [72]).
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Figure 2.3: Diagram-based tool: Microsoft Azure machine learning designer (taken
from [73]).

Figure 2.4. Block-based tool: Stencyl (taken from [74]).
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Figure 2.5: Icon-based tool: MicroApp, showing the design steps of the application
\Send a picture" (taken from [75]).

In the game development domain, there are game engines that adopt low or no-
code, and allow users to create games using the visual approaches listed above, such
as Stencyl (also listed previously), Construct, GDevelop and others. However, they
still require the user to understand technical concepts (e.g., logic, variables, functions,

events, timelines) to develop games.

The Moirai Editor is a no-code approach that adopted the diagram-based visual
programming approach to present the elements that compose a dialogue-based SG and
help visualize the story narratives’ ow and connections (particularly in the case of
branching scenarios). It is not the intention of theMoirai to be (or to compete) with a
full edge game engine, but to provide educators with the tools to develop dialogue-
based SGs without requiring knowledge of technical concepts (i.e., programming).

More information on how theMoirai Editor is structured is presented in Section 4.2.
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2.7 Web Frameworks

To develop a website or a web application, you must handle many technologies and
concepts such as HyperText Markup Language (HTML), Cascading Style Sheets
(CSS), Javascript, database communication, security, user sessions, and routing. Al-
though it is possible to handle all of this manually and to create everything from
scratch, it is not feasible to \reinvent the wheel". That is whereweb frameworks
come in. They provide a structure and a set of tools and features to help developers

quickly create web pages and applications.

For this thesis, | am adopting theserver-sideand client-side classi cation for web
frameworks (see Table 2.1 for a list of frameworks). As explained by Cloud areljent-
side and server-sideare terms that describe where the application runs. In the case
of web developmentclient-side refers to everything that is displayed or takes place
on the client (end-user device), whileserver-siderefers to everything that happens
on the server [/6]. For example, a user could complete a form on a website, and the
content validation could be performed via Javascript on the client's browseclent-
side) or submitted to the server to be evaluatedgerver-sidg. The main advantage of
validating on the client-side is performance since it is unnecessary to send data from
the client to the server, have it processed, and wait for the response to be received and
rendered on the client's browser. Nonetheless, other factors must be considered (such
as data validity and security), so it is not clear-cut thatclient-side processing should

be preferred overserver-side Furthermore, it is also possible to combinelient-side
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and server-sideframeworks, using the best of both worlds (e.g., Vue.js and Django

or React and Laravel).

Server-side Client-side

Django Angular
Laravel React
Ruby on Rails Vue.js
Spring Svelte

ASP.net Core EmberJS

Table 2.1: List of server-side and client-side web frameworks.

The feature set of said frameworks can vary greatly, and they can be classi ed as
full-stack frameworksor micro-frameworks [77]. Full-stack frameworks(e.g., React,
Django, Ruby on Rails, Laravel) provide many functionalities, such as authentication,
routing, HTML templating systems, ORMs (object-relational mappings) to interact
with databases, and more. Meanwhilenicro-frameworks (e.g. Flask, Sinatra, Spark,
Express.js) o er a minimalist set of features providing the essential functionality

necessary to create an application.

The decision of which framework to use falls onto the developer and the project's
requirements. A more extensive framework provides more features, but it can also be
more restrictive in how it works and how it can be changed or adapted. A smaller
framework will provide more freedom and customizability at the cost of increased

development e ort.
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2.8 Learning Management System (LMS)

Turnbull et al. point out that the Internet revolutionized how people communicated
and engaged, and educators had to adapt to this new online world [78]. One of the
rst proprietary LMSs, Web Course Tools (WebCT), was developed by the University
of British Columbia in 1995. It became the world's rst successful LMS, with over
10 million users in 80 countries in 2004 [79]. In 2005, WebCT was purchased by its
rival, Blackboard Inc., and its name was phased out. WebCT controlled 27% of the
market at the time, and Blackboard had 54%, resulting in over 80% being controlled

by Blackboard Inc [80].

In parallel, the open-source community was developing tools that could be adopted
free of charge and adapted to speci ¢c needs. The most prominent open-source LMS is
Moodle [81] (Modular Object-Oriented Dynamic Learning Environment), initially de-
veloped by Martin Dougiamas and released in 2002. Moodle's design and development
are guided by \social constructionist pedagogy,” in which learners can contribute to
the educational experience, and teachers can move away from being the \source of

knowledge" to become an in uencer and role model of class culture [S2].

Another contender has risen to dominate the US and Canadian markets: Can-
vas [83]. As of January 2023, the Canvas LMS leads with 36% of US and Canadian
higher education institutions, followed by Moodle and Blackboard tied at 19%, and
D2L (Desire2Learn) at 14% [34]. Developed by Instructure Inc. since 2008, Can-
vas can be considered a combination of open-source and proprietary approaches. An
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open-source version of Canvas with its core functionalities is available online under
the AGPLv3 (GNU A ero General Public License version 3) license, while some ad-
ditional plugins and extensions are only available as proprietary components under
the hosted o erings provided by Instructure Inc., such as migration tools, SCORM

import tool, and new quizzes [35].

Figure 2.6: LMS market share for US and Canadian higher education institutions by
the end of 2022 (taken from [34]).

2.9 Gami cation

Gami cation refers to the application of \game-based elements, aesthetics, and game
thinking to engage learners, motivate action, promote learning, and solve prob-
lems" [86]. Gami cation can increase motivation, engagement, productivity, collabo-
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ration, and enjoyment [87]. In a few years, gami cation has reached a \social tipping
point." It can be seen in all aspects of our lives, from education, marketing, parenting,
work, sustainability, healthcare, and scienti ¢ research [88]. Gami cation has been
applied to some online educational platforms, including Massive Online Open Courses

(MOOC:s), to provide learners with a more motivational learning experience [89].

2.10 System Usability Questionnaire (SUS)

Various projects and studies presented in this thesis adopted the SUS questionnaire
to evaluate usability. The SUS, provides a high-level qualitative view of a system's
usability, including software applications, mobile apps, and hardware consumer prod-

ucts [90].

The SUS comprises ten items with responses following a 5-point Likert scale (from
\strongly disagree" to \strongly agree"). The items alternate between positive and
negative statements to encourage respondents to read each statement and make an
e ort to decide whether they agree or disagree [90]. The SUS yields a single num-
ber representing the overall usability, and the scores of the individual items are not

meaningful on their own [91].

Although the SUS scores range from 0 to 100, they are not percentages and should
be considered in terms of their percentile ranking [92]. A SUS score above 68 is
considered above average, and anything below 68 is below average [92]. Additionally,
a rating scale was developed by Bangor et al. and updated by Sauro and Lewis to
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facilitate interpreting the SUS score through the usage of a grade scale, acceptability
range and adjective [93], [94] (Fig. 2.7 and Table 2.2). This thesis adopts these rating

scales to help interpret the SUS score obtained by the studies.

Figure 2.7: Grades, adjectives, acceptability, and NPS (Net Promoter Score) cate-
gories associated with SUS scores (taken from [95]).

SUS Score Percentile Grade
84.1 - 100 96 - 100 A+

80.8-84.0 90-95 A
78.9-80.7 85-89 A-
77.2-788 80-84 B+
741-771 70-79 B
726-740 65-69 B-
71.1-725 60-64 C+
65.0-71.0 41-59 C
62.7-649 35-40 C-
51.7-626 15-34 D
<51.7 0-14 F

Table 2.2: SUS score and percentiles applied into grading on a curve (taken from

[94]).
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Chapter 3. Related Work

3.1 Methods

| have performed a rapid review on the state-of-the-art literature regarding author-
ing tools to create dialogue-based SGs focused on non-technical users. Tricco et al.
de nes rapid reviews as \a form of knowledge synthesis whereby components of the
systematic review process are simpli ed or omitted to produce information in a timely
manner.” [96] This chapter presents the steps followed during this review based on
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)

2020 guideline [97], [9€].

3.1.1 Inclusion and Exclusion Criteria

The publications found were lItered according to the inclusion and exclusion criteria
presented in Tables 3.1 and 3.2. The publication time range was de ned from 2019

(inclusive) to 2024 to focus on the most recent publications.

3.1.2 Information Sources and Search Terms

On February 15, 2024, | performed a search on four large academic research databases:
ACM Digital Library, IEEE Xplore Digital Library, ScienceDirect, and Scopus. These
databases are well known for their large dataset of publications in various elds (e.g.,

48



Computer Science, Computer Engineering, Education) and various types of publica-

tions (e.g., conference proceedings, journals, book chapters).

Based on the research focus stated previously, this review used the following search
terms: \serious games" AND authoring. The search term did not include any refer-
ence to narrative or dialogue-based games to provide an overview of the state-of-the-

art research and possibly identify authoring tools with varied styles.

Code Description

IC1  Publication date 2019 (inclusive) to 2024.

IC2  The publication is about an authoring tool for serious games.
IC3  The publication is available in English or Portuguese.

IC4  The full text is available online.

Table 3.1: Rapid review list of inclusion criteria.

Code Description

EC1 Publications not focused on serious games.

EC2 Publications not focused on an authoring tool.
EC3 Reviews, surveys, and systematic mappings.

EC4 Publication is not a research article (e.g., editorial).

Table 3.2: Rapid review list of exclusion criteria.

3.1.3 Study Selection

The study selection was a multi-step process (Fig. 3.1), whereby | used the de ned
search term on the digital libraries and obtained 1067 items, 21 of which were identi-
ed as duplicates and removed. Subsequently, | screened the remaining publications,
reviewing titles, abstracts and keywords, and analyzed them based on the inclusion
and exclusion criteria presented previously, excluding 965 items.
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Furthermore, one item was removed since the full-text was not available. The
remaining 80 publications had their full-text retrieved and assessed for eligibility

based on the following items:

A

Not focused on serious game authoring.

" Proposed a framework or model without an implementation or working proto-

type.

Finally, 33 publications remained and were included to be reviewed. Furthermore,
one publication outside of the date range scope (2017) was manually added since it
was cited by one of the publications and deemed relevant to this research. The
publications were organized by the names of their authoring tools (as some were
related to the same tools) and presented on Table 3.3, which includes one of the
papers published on Moirai. As this research focuses on authoring dialogue-based

serious games, | will analyze the publications with a similar focus in the next section.
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3.2 Analysis of Selected Works

The works selected for analysis due to their broad inclusive scope or focus on dialogue-
based serious games were: Communicate! [LO7]{[109], RUFUS [120]{[122], SGAME [123],

StudyCrafter [125], uAdventure [127]{[131], and WEGAS [132].

The Communicate! project originated in 2013 as a SG for practising commu-
nication skills, featuring an authoring tool for educators to create scenario scripts
through a diagram-based visual interface. Developed iteratively using the action re-
search method over three academic semesters (2018-2019) [107], Bachelor of Computer
Science students used Communicate! in blended learning sessions, providing feedback
via surveys. Action research is de ned as \a spiral of steps, each of which is composed
of a circle of planning, action and fact- nding about the result of the action" [107],
[134]. Modi cations, informed by survey results, included introducing open-text re-
sponses with Natural Language Processing (NLP) [108] and integrating peer teaching
and multiple scenarios. The third semester saw signi cantly higher ratings. Ad-
ditionally, the authors introduced the concept of \scenario smells" [109], whereby
\smells" are symptoms that indicate possible errors or incorrect scenario design. The
authors proposed a tool to analyze scenarios, identify said \smells" and generate re-
ports. Structured interviews with scenario authors con rmed the usefulness of the
scenario smells tool. Communicate! is a web-based platform and its scenario editor

code is available on GitHub. The code editor lacks preview functionality, prohibiting

Lhttps://github.com/uurage/ScenarioEditor
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the content author from playtesting the scenario being developed and quickly mak-
ing adjustments. Despite this limitation, the project showcases a dynamic evolution

informed by user feedback and continuous improvement strategies.

The second project is RUFUS [120], a platform for creating narrative-based games,
which has been under development since 2021. The authors state that the primary
goal of RUFUS is to empower professionals from di erent domains to develop games
through an easy and guided UI. It supports four game mechanics: (i) quiz, (ii) puzzle,
(iii) platformer, and (iv) storytelling. In [120], the authors presented three iterations
of RUFUS and described how they conducted user evaluation sessions based on the
SUS, the Self-Assessment Manikin (SAM), and semi-structured interviews. The rst
iteration identi ed various usability and functionality issues, which were adjusted
and re-evaluated in the second iteration, achieving a higher mean SUS score but
still identifying Ul issues. The third iteration implemented additional improvements,
although no evaluation data was available at publication. In[121], the authors provide
greater detail regarding the platform's structure, with the authoring portion accessible
via the web and the resulting games accessible via a mobile application. Additionally,
they present a usability study conducted online with ve participants (from the health
and education domains), again adopting the SUS, the SAM, and semi-structured
interviews. This study's mean SUS score was 88.75 (indicating high usability and
positive acceptance), with positive SAM results. Lastly, in [122], the authors explored
using RUFUS to design games that discussed the topics of loss and death for children.

The outcome resulted in the development of two SGs and the implementation of the
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\inverted narrative" concept into the platform, in which the user can assemble their
own story based on characters and objects prede ned by the game author. Both
games have been evaluated (again using the SUS, the SAM, and semi-structured
interviews), and the later prototypes achieved positive scores (although no direct score
data was provided). RUFUS is the only project that does not use a diagram-based
visual programming approach; instead, it chose a form-based approach, whereby the
dialogues are presented in a list format that can be edited and reordered (Fig. 3.2).
Similarly to Communicate!, RUFUS does not generate serious games that can be
imported into an LMS, requiring the use of its web platform and mobile application.
Of the three projects, RUFUS is the only platform that clearly states the development

methodology followed, called SemTh, de ned as:

\A semio-participative approach for the design of therapeutic digital games,
which involves a multidisciplinary team and makes use of the expertise of
di erent pro les of specialists, including computation and health special-

ists, throughout the design process." [135]

Figure 3.2: Example of a dialogue list (\speeches") in a Rufus storytelling game
created by me.
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SGAME [123] allows users to mix existing web games (10 game templates, such
as Pac-Man and Flappy Bird, are available, and developers can upload new games
to SGAME) with any learning objects in the SCORM format. SGAME allows for
the mapping of game events with speci ¢ learning objects (e.g., showing a video after
performing a speci ¢ action within the game). The nal output is a shareable URL

to play the game and a SCORM package that LMSs can import.

StudyCrafter, originally called Mad Science, was designed as an authoring tool
to be used in a higher education environment for teaching experimental research.
In [124], the authors present the design process and evolution of the user interface.
The outcome is the prototype of two components: the scene creator (that allows the
users to de ne the background, objects, and characters) and the scriptor (a visual
decision tree that de nes the dialogue and actions of the game). Although the authors
mention that the interface changed based on user feedback, the methodology adopted
was not presented. Later, Carstendottir et al. [125] proposed extending StudyCrafter
with a tool called \assistant,” which implements \progression maps" computational
models to help users visualize the narrative structure and progression mechanics.
Two studies were performed with progression maps: a focus group session with four
participants that gathered information on interactive narratives and the perceived
usefulness of progression maps and a usability study with seven participants on the
readability and utility of progression maps. The focus group identi ed some shortcom-
ings in readability (e.g., distracting information), but overall usability and readability

were considered suitable for large-scale analysis. The usability study identi ed that
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the tool was simple to use and laid out a complex scene well and clearly, but it also
presented too much information. Although the authors mention the adoption of a
debrie ng questionnaire, they do not mention if they adopted a validated usability

guestionnaire, such as SUS or Computer System Usability Questionnaire (CSUQ).

The uAdventure platform project is the successor of the eAdventure platform,
an authoring platform for point-and-click adventure serious games. eAdventure was
developed using Java, while uAdventure is an extension for the Unity game engine,
adopting a diagram-based interface to de ne the narrative structure. Although it re-
guires a game engine, it does not require programming knowledge. However, the game
engine components are still accessible, and programming could be used if desired.
Therefore, uAdventure could be classi ed as a \low-code" approach (as discussed in
Section 2.6). The authors describe how uAdventure is structured, why they adopted
Unity and a preliminary evaluation with technical and non-technical users [127]. The
study elucidated multiple di culties in the platform (subsequently addressed) and
the importance of the user manual, which was considered helpful by participants.
Subsequently, the authors presented the integration of uAdventure with SIMple VAI-
idator (SIMVA), an experimental validation tool, to partially automate the creation
of online questionnaires for evaluating SGs and facilitate access to Game Learning
Analytics (GLA) data by the user. This is further explored in [129], whereby they
have piloted uAdventure with SIMVA in two university courses over two years to

understand how students interacted with their SGs.

Additionally, the authors explored two case studies using Unity to create mini-
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games executed within a host uAdventure serious game, allowing the creation of
alternate mechanics [130]. These case studies were conducted with students with
game programming skills and focused on validating the proposed model, evaluating its
feasibility and the complexity of the mini-games. In both case studies, the participants
successfully developed games with di erent levels of complexity, therefore, the authors
considered it a successful validation of their proposed mini-game extension model to
uAdventure. Lastly, the authors presented a working methodology that explored
using Generative Arti cial Intelligence (GAl) to help develop SGs [131]. They have
developed a 2D SG as a study case, whereby the game graphics (characters and
background) were created using GAI technologies such as Stable Diusion. As a
preliminary study, they have found great potential in adopting GAI, and many open

issues, such as high variability of results with minor changes in the build prompts.

Unlike Communicate!, uAdventure generates serious games that can be imported
into a LMS. It uses the Experience API (xAPI) standard [136] (also known as Tin Can
API) to track game events into analytics data that can be saved locally or con gured

to be sent to an external server.

Lastly, the authors of the WEGAS authoring tool proposed a set of design princi-
ples that were subsequently implemented as a web platform that incorporated game
authoring tools [132], and it was used to create 12 SGs in a variety of domains such as
corporate law, oncology care and media engineering. Additionally, they proposed clas-
sifying users into four di erent roles: game modelers (handling game model creation

and editing), scenarists (handling scenario content editing and mechanics), trainers
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(handling scenario creation and player monitoring), and players. The game model-
ers and scenarists would develop the SGs, and trainers and players would use said
SGs. Regarding the SG development, the game modeler can access a mix of high
and low-level abstractions (e.g., diagram-based state machine and code editor). Al-
though users have used the WEGAS without a Computer Science background (e.g.,
nurses and lawyers), the authors do not inform whether usability studies have been
performed to gather the users' views on the platform. Additionally, the authors rec-
ognize that quantitative usability evaluation has yet to be conducted to assess the

content editing system.

3.3 Comparison between the Moirai and Selected

Works
Table 3.6 compares additional features and characteristics of the six selected projects
and the Moirai not presented in the previous section. Théoirai diers from the
prior projects in providing a completely web-based open-source platform. It allows
educators to create SGs in the style of 3D visual novels using a diagram-based no-code
visual programming approach, whereby the resulting serious games can be e ortlessly
imported into LMSs. Furthermore, the educator can de ne the characters' actions
(i.e., animations), use Text-To-Speech (TTS) to generate speech and preview the

resulting game within the browser.

Unlike Communicate!, which has the game point of view facing the Non-Playable
Character (NPC) directly (displaying the NPC frontally, from the waist up), the
Moirai includes rooms where the NPCs are shown in a full environment (e.g., a
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nursing station) and allows the player to control the game camera rotation and thus
look around the scene. All other works focus on a primarily 2D visual style, except
SGAME, which allows importing game templates with any visual style. However,

these games cannot be customized or modi ed within SGAME.

Furthermore, besides théMioirai, SGAME is the only related work supporting the
SCORM standard. SCORM is a set of technical standards and packaging format for
elLearning software products [137] initially developed in 2000. Although it lacks robust
data tracking and analytics, providing only basic data such as section completion and
score, it is widely supported and does not require any special con guration or server
by the user. Additionally, | have decided against adopting more robust data tracking
at this time (e.g., cmi5 or SCORM + xAPI) as it would require the LMS's support
or having an external Learning Record Store (LRS) to receive the data. As the
Moirai evolves, | am considering adopting the Learning Tools Interoperability (LTI)
standard to have it accessible directly through the LMS platforms as an external tool
and possibly adding cmi5 as an additional output format besides SCORM to provide

better data tracking.
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Chapter 4. Moirai: A No-Code Virtual Serious Game
Authoring Platform

This chapter focuses on thévoirai Platform, detailing the structure of its compo-
nents, how they are structured and implemented, and two user evaluations performed
over the years of 2023 and 2024. Chapter 6 presents a list of projects (meso-cycles)

that adopted the Moirai and demonstrate the iterative development process.

The Moirai is a no-code platform | developed for creating or modifying SGs,
focusing on augmenting decisions and communication skills. Through tivoirai,
educators with limited programming experience can autonomously create a dialogue-
based SG that follows one of the following structures: linear, branched, or pseudo-
branched (greater information about these structures in Section 2.2). Furthermore,
the SG is generated in a standard format (SCORM) that existing LMSs can import.

The Moirai comprises three components: (i) dashboard, (ii) editor, and (iii) player.

The Moirai was initially developed as a single-page web application, which could
be executed o ine, locally, on the user's computer without any installation. However,
based on user feedback, it evolved into a cloud-based web application deployed into
Google Firebasg a web platform that can handle user authentication, databases, le

storage, and hosting.

The Moirai Editor is based on Vue.js [138], a Javascript framework for developing
user interfaces, and BaklavalS [139], a graph/node editor for the web. This ensures

that the Moirai Editor is a proper native web application that can be extended in

https:// rebase.google.com/
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the future to support additional features, as required. Both Vue.js and BaklavaJS are
open-source projects under the MIT license. Thiloirai will be released as an open-

source project under the GPLv3 license [140] on a public GitHub repository [141].

4.1 The Moirai Dashboard

The Moirai Dashboard serves as the main page of the authoring platform, allowing
users to access, edit and create scenarios (Fig. 4.1). Users can also generate a SCORM
version of the scenarios through the dashboard, which is exported and downloaded as
a zip le. By choosing to edit a scenario, the user will be taken to th#oirai Editor,

and the related scenario data will be loaded.

Figure 4.1: Moirai dashboard listing two scenarios.
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4.2 The Moirai Editor

The Moirai Editor allows educators to create dialogue-based SGs (and modify them
later, if necessary) through a no-code block-based user interface. Based on Verkuyl
et al. classi cation for virtual simulations [47] (Section 2.2), games created through
the Moirai can follow one of the following structures: linear, branched, or pseudo-

branched.

Moreover, based on the taxonomy de ned by Camingue et al. for educational
design and teaching strategies within VNs [62] (Section 2.5), SGs created with the
Moirai Editor could be classi ed, depending on how the educator formats the scenario:
(i) teaching through choice; (ii) teaching through scripted sequences; and (iii) non-

interactive teaching.

4.2.1 Structure

The Moirai Editor comprises ve main components (Fig. 4.2): (i) nodes, (ii) options,

(i) modals, (iv) interface, and (v) store.
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Figure 4.2: Structure of the Moirai Editor components.

The \interface” column represents theMoirai Editor Ul's elements. The \nodes"
column represents the types of nodes that the user can add to the scenario. Each
node comprises \options" representing elements such as text elds, buttons, and text.
\Modals" represent additional information that would not t within a node (usually
editing a node's content). Moreover, the \store" component handles the generated

data shared among the di erent components.

4.2.2 User Interface

The Moirai editor's diagram-based user interface (Ul) is based on interconnected
nodes (Fig. 4.3), each representing an element in the scenario (e.g., starting point
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and dialogue). Detailed information and gures about the available nodes will be
provided further in this section. Various software have adopted this Ul paradigm in

many elds, including:

3D creation: Blender by Blender Foundation [142] (Fig. 4.4).

" Game engine: Unreal by Epic Games [143] (Fig. 4.5.

" Video compositing: Fusion by Blackmagic Design [144] (Fig. 4.6).

~ Machine learning: Azure machine learning designer by Microsoft [73] (Fig. 4.7).

Figure 4.3: Zoomed out view of theMoirai editor Ul showing the interconnected
nodes that composes a scenario and the player preview.
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