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Preface

Video games are extremely immersive applications that keep players highly motivated as they

strive to overcome challenges and meet predefined targets. Serious games leverage this motivational

power to serve a variety of purposes in education, marketing, social awareness, healthcare, and

research. The use of games in the education and training field features numerous successful

implementations. In parallel, gamification has become prevalent in education as it allows for boosting

the students’ motivation and engagement. This Special Issue aimed to showcase and discuss novel

progress in these areas, and the published articles explore topics such as new scientific methodologies,

experimental outcomes, and successful real-world applications.

Batista et al. introduce the “Triadic Certification Method” for assessing learning in serious

games, collecting real-time learner data to evaluate skill acquisition, demonstrated through a driving

simulator case study. Contreras-Espinosa and Eguia-Gomez analyze 24 video games designed to

combat misinformation, showing that well-designed digital games can enhance media literacy by

helping users detect fake news. Yazici Arici et al. study preschool children’s metaphorical perceptions

of digital games, revealing diverse cognitive and emotional associations. Georgiadou and Xinogalos

assess the educational value of “Follow the Paws”, a serious game for teaching cybersecurity to young

learners, with positive feedback from prospective ICT teachers. Spatafora et al. develop and test a

cybersecurity-themed escape-room game aimed at SME employees, demonstrating its effectiveness

in increasing cybersecurity awareness. Fang et al. explore stealth literacy assessments within

serious games, finding strong correlations between in-game performance and traditional reading

tests, suggesting that serious games can support literacy development. Kleftodimos et al. showcase

how location-based augmented reality (AR) games can enhance tourism and cultural heritage

education by integrating storytelling and digital overlays, leading to increased visitor engagement.

In programming education, Maskeliunas et al. present FGPE+, a web-based environment using

adaptive gamification to improve learning outcomes. Lazaridis and Fragulis propose an improved

procedural content generation (PCG) algorithm for video games, generating dynamic 2D maps

efficiently, enhancing replayability without requiring high computational power. Di Nardo et al.

systematically review 68 studies on gamification in software engineering education, highlighting

benefits in engagement while cautioning readers about potential stress factors. Zourmpakis et al.

explore adaptive gamification in science education, demonstrating that personalized game elements

can significantly enhance student motivation. Overall, these studies highlight the growing impact of

serious games and gamification, showcasing their potential in enhancing education.

Carlos Vaz de Carvalho, Hariklia Tsalapatas, and Ricardo Baptista

Guest Editors
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Training and Certification of Competences through Serious Games
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* Correspondence: ricardjose@fe.up.pt

Abstract: The potential of digital games, when transformed into Serious Games (SGs), Games for
Learning (GLs), or game-based learning (GBL), is truly inspiring. These forms of games hold immense
potential as effective learning tools as they have a unique ability to provide challenges that align
with learning objectives and adapt to the learner’s level. This adaptability empowers educators to
create a flexible and customizable learning experience, crucial in acquiring knowledge, experience,
and professional skills. However, the lack of a standardised design methodology for challenges that
promote skill acquisition often hampers the effectiveness of games-based training. The four-step
Triadic Certification Method directly responds to this challenge, although implementing it may
require significant resources and expertise and adapting it to different training contexts may be
challenging. This method, built on a triadic of components: competencies, mechanics, and training
levels, offers a new approach for game designers to create games with embedded in-game assessment
towards the certification of competencies. The model combines the competencies defined for each
training plan with the challenges designed for the game on a matrix that aligns needs and levels,
ensuring a comprehensive and practical learning experience. The practicality of the model is evident
in its ability to balance the various components of a certification process. To validate this method, a
case study was developed in the context of learning how to drive, supported by a game coupled with
a realistic driving simulator. The real time collection of game and training data and its processing,
based on predefined settings, learning metrics (performance) and game elements (mechanics and
parameterisations), defined by both experts and game designers, makes it possible to visualise the
progression of learning and to give visual and auditory feedback to the student on their behaviour.
The results demonstrate that it is possible use the data generated by the player and his/her interaction
with the game to certify the competencies acquired.

Keywords: serious games; competencies and skills; “in-game” assessment

1. Introduction

The global computer games industry holds immense learning potential. Games, now
marketed to all ages and genders, are increasingly being recognised as powerful tools for
learning (GBLs). They have been shown to motivate players, enhance problem-solving,
and facilitate collaboration and competition. These benefits are not limited to a specific
discipline or education level but apply across the board, from formal classrooms to non-
formal learning processes. This recognition of the potential of game-based learning is a
cause for optimism about the future of education.

There are already many studies about the effectiveness of Serious Games, both in
training and other activities [1,2]. Sousa and other authors [3] consider measuring their
actual effects on learning as one of the biggest challenges for accepting Serious Games

Computers 2024, 13, 201. https://doi.org/10.3390/computers13080201 https://www.mdpi.com/journal/computers1
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as an effective educational method. Mayer [4] highlighted that few existing evidence-
based approaches to assessing their contribution to learning are still available. Various
frameworks have been developed relating to theories of instruction and learning to the
mechanics and elements of games, one of two distinct domains: one with the design
and development of Serious Games on distinct approaches like describing game-based
learning scenarios [5], a scenario generation framework for mission-based virtual training
from both the trainer and trainee’s perspective [6], a conceptual framework to design
Serious Games that have empathy as part of the learning outcomes [7], considering the
flow framework that uses the dimensions of flow experience to analyse the quality of
educational games [8], a framework of an evaluation-driven design which offers guidance
in the evaluation process [9], a Serious Games design framework in cultural heritage with
steps to follow during the whole process [10], and a conceptual framework based upon a
systematic literature review of developments in student-centred digital learning [11]. The
other domain is evaluation, which uses other approaches, such as the serious game design
assessment framework, as a constructive structure to examine purpose-based games [12];
a holistic approach to serious game evaluation with four key areas: theoretical, technical,
empirical, and external [13]; an interpretive evaluation framework that can identify the
educational value in COTS games [14]; and the dimensionalisation of game- based -learning
and further decomposition into factor/sub-factors based on theoretical constructs [15].

Yet, the current state of Serious Games and game-based assessments does not translate
into valid certifications. Students still need to prove their knowledge through traditional
evaluations. Despite games supporting learning, assessing the knowledge and skills ac-
quired this way needs significant improvement. This research aims to develop a design
and development process for Serious Games, considering that they integrate training, eval-
uation, and skills certification. The focus is on the potential to incorporate the evaluation
process and the consequent certification of competencies within the game context, governed
by specific norms that systematise student performance measurement.

Four key questions guide this research, each exploring a crucial aspect of the intersec-
tion between gaming and skills training:

1. To determine whether a significant relationship exists between game genres and the
training of specific skills. By analysing different game types, we aim to uncover which
genres are most effective in cultivating particular competencies, thereby enhancing
the educational potential of Serious Games. Another proposition is to identify prac-
tical elements of serious game design for evaluating learning and training player
skills. As such, the research also explores the possibility of a competency certification
method using Serious Games, with game design considering learning objectives and
certification performance metrics.

2. To investigate the elements of serious game design that best support the evaluation
of learning and training players’ skills based on structured competency frameworks.
This proposal examines how game mechanics, narratives, and feedback systems can
be optimised to engage players and assess and develop their abilities.

3. To identify a robust method for certifying competencies using games. This proposal
entails creating a game design that aligns with learning objectives and incorporates
performance metrics that can reliably measure and validate players’ skills. By estab-
lishing clear criteria and standards, we can ensure the certification process is rigorous
and credible, reassuring us about its reliability.

4. To understand the integration of Learning Analytics into the in-game assessment
system to precisely measure player performance in skills training. This proposal
involves leveraging data analytics to track and analyse player behaviour and out-
comes, providing detailed insights into their learning progress. By doing so, we can
enhance the accuracy and effectiveness of skill assessments, ensuring that players
receive meaningful and actionable feedback.

This study was able to answer the various questions posed, the answers to which
allowed the four-step Triadic Certification Method to be structured and supported by
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new tools. With the successful integration of the evaluation process into Serious Games,
the results obtained made it possible to check the players’ performance in the various
training contexts, attesting to the validity of the training design, as well as validating
the skills acquired by visualising the progression of skill acquisition through the Triadic
Certification Method. This component of the method is particularly comprehensive and
well-rounded, as it conventionally designs SGs for the acquisition of competencies based
on a balance between the three elements: essential competencies (skills), mechanics (game),
and reality (training).

This paper has four sections. The first section presents a literature review on digital
games, genre taxonomies of games, Serious Games and their taxonomies, game-based
learning, and learning design assessment. In the second section, we discuss the training
and certification of competencies. The subsequent section focuses on the Triadic Certifi-
cation Method, a comprehensive approach developed to address the identified problem,
integrating training, evaluation, and skills certification within the game context. The final
section describes a case study on the training and certification of competencies in teach-
ing automobile driving and the results obtained. It serves as a proof of concept for the
developed method, demonstrating its practical application and effectiveness.

2. Digital Games and Game Based-Learning (GBL)

In this part, we endeavour to elucidate the significance of games within educational
contexts and their consequential impact on human behaviour, drawing from constructivist
perspectives. We commence by delineating fundamental concepts such as “game” and
“play”. A game is a purposeful competition governed by rules wherein players strive for
victory. Conversely, play encompasses many intentional activities, often undertaken for
recreational or leisurely purposes.

Johan Huizinga’s conceptualisation of the “magic circle” accentuates the discrete space
wherein game-related activities manifest devoid of real-life repercussions, underscoring
the immersive nature intrinsic to gameplay. This concept has proved pivotal in elucidating
the symbiotic relationship between players and games, shaping discourse across digital
and traditional gaming paradigms [16].

Scholars including Huizinga [16], Caillois [17], Juul [18], and Salen and Zimmer-
man [19] underscore the inherent allure of games to players, influenced by variables such
as age, cognitive aptitude, and individual personality traits. Game designers leverage these
factors to augment player engagement by iteratively adjusting goals, rules, challenges, and
participant dynamics.

Contrary to prevalent misconceptions, games are structured environments imbued
with clearly delineated objectives, adversaries, and regulatory frameworks. They thereby
afford players opportunities for cognitive stimulation and skill refinement. Nonetheless,
unlike real-world scenarios, games have distinct consequences for successes and failures,
contributing to their intrinsic allure and divergence from reality [20].

Games epitomise rule-bound activities characterised by delimited beginnings, mid-
dles, and denouements. They present players with cognitive challenges necessitating
proactive engagement. While games ostensibly simulate real-world scenarios, they deviate
in outcome predictability and repercussions, thereby furnishing distinct pedagogical and
experiential paradigms for players [21].

2.1. Game Genre Taxonomies

The defining characteristic of computer games lies in the interactive pattern estab-
lished between the player and the game environment. Video games are categorised into
genres primarily based on their patterns of gameplay interaction rather than their visual
or narrative elements [21]. However, the taxonomy of game genres has been a contention,
with numerous proposals in the field [22,23]. These genre classifications organise games
into distinct categories defined by their underlying gameplay mechanics.
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Understanding game genres is crucial for game designers as it enables them to align
additional content, such as new levels or characters, with established gameplay mechanics
like jumping or shooting in a platformer game. It also allows them to innovate existing
ones, for instance, by introducing a new gameplay mechanic like time manipulation in a
puzzle game [24].

Game genres are more than just categories—they are a unifying force. The primary
factor uniting games within a genre is the similarity in the interactions facilitated between
the player and the game environment. These interactions manifest through various game-
play mechanics, encompassing the actions of in-game objects and players throughout
gameplay [25]. It is these recurrent actions or challenges that ultimately define the genre of
a game, creating a sense of belonging and connection among players and designers alike.

While there is no universally standardised taxonomy of video game genres, the indus-
try’s recognition is a validation of their importance. The industry commonly recognises
several overarching categories. These typically include action, strategy, role-playing, sports,
management simulation, adventure, puzzle, and quiz genres, acknowledging the diversity
and significance of each [24,26–28] (Table 1).

Table 1. Taxonomy of game genres.

Game Genre Goals Sub-Genre

Action

To overcome mental or physical challenges against one or more
opponents by engaging in a series of actions (timing—reaction
speed, in which accuracy may be emphasised). Realism is not
relevant.

Beat-’em-ups Beat ’em ups, Shooter
games (1st and 3rd person), Platform
games

Strategy
Deploy tactics/strategies to overcome complex challenges against
one or more opponents by planning a superior series of actions
(physical challenges are not emphasised).

4X (eXplore, eXpand, eXploit, eXtermine),
Real-time strategy games, Real-time
tactics, Turn-based strategy, War games

Role-Playing

Victory is achieved through superior planning or out-thinking the
opponents (physical challenges and chance take a more minor
role). Distinct from action games, RPGs seldom test a player’s
physical skill (combat is more tactical than physical) and involve
other non-action gameplay (resource management).

RPGs, MMORPGs

Sports Similar to action games, except for the realism of movements and
techniques, which are very important. Exergames, Sports/management games

Management
Simulation

To overcome economic challenges, a series of actions must be
planned. Direct action upon an opponent is not emphasised.
They are typically designed to be never-ending (no-win scenario).
Goal example: to build a collection of objects.

Racing games/Vehicle, Virtual
worlds/Pets, Life simulation/social
games, Business

Adventure

To use an avatar for the exploration of an interactive story and to
overcome challenges in isolation (puzzle adventure) by planning
a superior series of actions (physical challenges are
not emphasised).

Graphics Adventure, Puzzle adventure

Puzzle

To overcome mental challenges in isolation (not around a conflict
with another opponent) by planning a superior series of actions.
Games usually involve shapes, colours, or symbols that the player
must directly or indirectly manipulate into a specific pattern.

Action/Arcade puzzle (timed), Reveal
the picture game, Physics game.

Quiz Gamepad controlled, mouse keyboard, Wii balance board.

However, it is essential to note that this classification is not exhaustive, and numerous
hybrid genres exist that blend elements from multiple established categories. Moreover, the
continuous technological advancements within the gaming industry constantly give rise
to new genres, particularly with the introduction of novel platforms or input devices. For
instance, the advent of Nintendo’s Wii console spurred the emergence of “physical” games
like Wii Fit, exemplifying the industry’s ongoing evolution and diversification of genres.
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2.2. Serious Games

Serious Games (SGs) are not just a trend in corporate settings and research communi-
ties; they are a transformative tool. This game definition harnesses the engaging features of
video games to make learning processes not just bearable but exciting [17,18]. With SGs,
players can learn while playing, a concept revolutionising education and training. These
games are designed to engage players with specific topics, effectively teaching educational
content or training workers to perform particular tasks. This transformative power of
Serious Games inspires educators and researchers in their work.

SGs refer to digital games used for purposes other than entertainment, such as training,
advertising, simulation, or education. Intentionally, these games help learning, skills
acquisition, and behaviour change through a game design process that focuses on achieving
learning outcomes through gameplay [4,21,29,30]. Clark C. Abt [31], a pioneer in the field,
introduced the concept of Serious Games in his book. This marked a shift in the perception
of games, extending their meaning beyond mere entertainment when used or embedded in
a specific context. Serious Games, as he defined them, are not primarily for amusement
but have an explicit and carefully thought-out educational purpose. Since the first Serious
Games initiative sponsored by Woodrow Wilson in 2002 and the Serious Games Summit
in 2004, there has been significant growth in game-based learning. Serious Games are
interactive computer applications with a challenging goal, are fun to play and engage,
incorporate some concept of scoring, and impart skills, knowledge, or attitudes that can be
applied in the real world.

The concept of Serious Games still lacks a precise definition, with some authors using
other terms like immersive learning simulations, digital game-based learning, gaming
simulations, and “games you have to play” [32,33]. The main goal of Serious Games is to
provide an interactive means for the transference of knowledge to the player. One main
goal of Serious Games is to provide an interactive means for transferring knowledge to
the player.

SGs educate or train the player, contain a direct means of assessing a skill or learning,
and employ a game interface that provides these features. They are considered a new tool
within the active learning paradigm. If game design focuses on learning outcomes, learning
becomes a natural consequence of playing.

Serious Games have many applications, from government and corporate training to
health, public policy, and strategic communication [34]. Despite their diverse uses, the
primary focus of SGs remains their educational purpose [29,35]. They are designed to
facilitate learning and training and to apply new pedagogies. Research has shown that SGs
can accelerate learning, increase motivation, and support the development of higher-order
cognitive thinking skills [5]. This diverse range of applications intrigues game developers
and professionals in the field.

The key to the success of these games is motivation. It is a psychological process that
stimulates an individual to act upon something to attain a desired effect or goal. Motivation
in learning can be affected by intrinsic motivation [36], extrinsic motivation [37,38], and
emotional stability. These motivational factors should be considered when designing and
developing Serious Games. However, due to the broad range of individuals’ emotional
stability, it may take much work to address it.

Serious Games (SGs) are not limited to a single field; they have distinct classifications
that cater to various purposes. These games are used in government, defence, education,
corporate, and industry settings, highlighting their versatility. They address aspects such
as occupational safety, skills, communications, and orientation, proving that Serious Games
can be applied in various scenarios. Examples of SGs include Alcoa SafeDock, Rosser
Surgery Skills w/Games, Shield of Freedom, America’s Army, Darfur is Dying, and Tactical
Language & Culture.

Several attempts have been made to classify Serious Games into genres or similar
typologies. The criteria used to classify the games vary greatly, with the most commonly
used being the educational content and field of application of Serious Games. Michael
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and Chen [29] name military, government, educational, corporate, healthcare, political,
religious, and art games. This typology solely bases itself on the application areas of the
games, showcasing the diverse range of Serious Games. For instance, in the health games,
Susi et al. [39] list the subgroups of exergaming [40], health education [41], biofeedback [42]
and therapy [43].

Sawyer and Smith [44] suggest a higher-resolution taxonomy that crosses game and
learning types with application areas. They list advergames, games for work, or games
for health as game types. The core innovation of Sawyer and Smith was to separate the
designed purpose from actual application areas. Based on the promising work of Ratan
and Rittefeld [45], we would propose the following label categories, which allow for the
inclusion of specifically designed Serious Games as well as COTS games for “serious”
purposes, as the following Table 2 presents:

Table 2. Categories for classifying serious games.

Label/Tag Category Exemplary Labels

1. Platform Personal Computer, Sony Play Station 3, Nintendo Wii, Mobile Phone

2. Subject Matter World War II, sustainable development, physics, Shakespeare’s works

3. Learning goals Language skills, historical facts, environmental awareness

4. Learning principles Rote memorisation, exploration, observational learning, trial and error, conditioning

5. Target audience High school children, nurses, law students, the general public, preschoolers, military recruits

6. Interaction mode(s) Multiplayer, co-tutoring, single-player, massively multiplayer, tutoring agents

7. Application area Academic education, private use, professional training

8. Controls/interfaces Gamepad-controlled mouse keyboard, Wii balance board.

9. Common gaming labels Puzzle, action, role-play, simulation, card game, quiz

2.3. Game Assessment

Game assessment is a critical component of the learning process. It involves comparing
the expected learning goals with the evidence obtained from the learning actor. In the con-
text of digital game-based learning (DGBL), this evaluation is typically conducted through
traditional methods such as questionnaires, interviews, log file analysis, or observation
of experience [46]. However, new technologies and media are emerging to support more
advanced evaluation tools, addressing the current gaps in evaluation.

Over the past decades, research has aimed to develop new approaches that support
the evaluation paradigm in game-based learning. This analysis is divided into two contexts:
measuring learning and incorporating the evaluation component in the game development.

2.3.1. Assessment of Digital Learning

The assessment of the game’s learning experience is primarily carried out outside
the game’s context, using external tools such as Acumen Team Skills Assessment and
Profiles Team Analysis [47]. These tools attest to the results obtained in higher education,
management, and personal and team skills development.

The literature refers to three robust theoretical frameworks that underpin the evalua-
tion of learning in Serious Games: RETAIN (Relevance, Embedding, Transfer, Adaptation,
Immersion, and Naturalization) [48], Kirkpatrick’s levels of evaluation [49], and the CRESST
learning model [50]. These frameworks provide a solid foundation for developing and
evaluating learning games, ensuring they effectively incorporate educational content. This
thorough evaluation process of Serious Games gives educators and researchers confidence
in the effectiveness of this tool.

First, the RETAIN framework supports learning games’ development and evaluates
how they contain and incorporate educational content. It aims to identify the best combina-
tion between the various game elements, associating them with the genre taxonomy. This
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framework’s relevance to this work is related to the analysis of the conceptualisation of the
relationship between the components of games—the elements and genres of games—and
the objectives and levels of learning competencies. The educational potential of games
depends on the coherence between different elements using distinct levels of learning
conceptualisation and assessment. These models join the curriculum and motivational
aspects of their design. The models of learning conceptualisation include Bloom’s taxon-
omy, which corresponds to a taxonomy of educational objectives, dividing the learning
into three main objectives: to generate skills, to develop competencies, and to transfer
knowledge in three distinct domains: cognitive, behaviour, and aptitude; and Gagné’s
Events of Instruction [33,51], which propose motivational events as positively influencing
the achievement of the expected results. Involvement with experience does not derive
from a hierarchy of events but rather from the assumption that what goes on inside and
outside the game learning experience are lines of and many elements in a single event can
be combined or interconnected. This approach, in particular, is a structuring example in
terms of the design of the structure of events in the gaming experience for this study, which
focuses on skills learning. The closer it is to reality, the more involvement it brings to the
transfer of knowledge after learning. Finally, Keller’s ARCS Model [52] states that moti-
vation in student learning corresponds to a systematic process represented by four steps,
within which motivation can be achieved or promoted. These models aim to maximise the
potential of educational situations by choosing the most appropriate combination of factors
to incorporate into the game’s development.

The second model for conceptualising evaluation is Kirkpatrick’s four levels of as-
sessment: Reaction, Learning, Behaviour, and Results. This model presents a hierarchy of
levels for evaluating learning or training programmes. The transition between levels plays
a vital role in the evaluation process, adding value to the information collected. However,
the process becomes more complex and time-consuming. Each evaluation level produces
expected results, but this methodology must be applied for a correct analysis [49]. This
framework is widely used in training evaluation due to its structure, aligning with the
learning aptitudes and competencies cycle.

The CRESST framework by Baker and Mayer [50] comprises five fundamental cogni-
tive requirements for learning: content comprehension, problem-solving, self-regulation,
communication, and collaboration/teamwork. This model focuses on the actions consid-
ered for each group, which will be tested to validate the expected results.

In summary, the three frameworks presented reflect the domains of learning evaluation
but still need to improve their convergence with technologies. Evaluation in game-based
learning (GBL) must consider a hierarchical set of needs (Bloom Taxonomy), expected
results (the four levels of Kirkpatrick’s assessment), and cognitive requirements (CRESST
model). The learning environment must always be considered, as it must promote student-
friendly involvement. For successful learning, the experience should increase students’
motivation in the game process through tactics (Keller’s ARCS model) and/or events
(Gagné’s Nine Events of Instruction model), focusing on results.

2.3.2. Evaluation Design in Serious Games

The evaluation design in Serious Games involves several conceptual frameworks that
apply various evaluation models integrated into the game development process.

The first is the Evidence-Centred Assessment Design (ECD) framework [53–56], which
posits that evaluation results from evidence analysis functioning in a triangular interaction.
The keys to a balanced triangular interaction are cognition (theory and information about
how students learn), observation (student task performance can demonstrate their learning),
and interpretation (used to draw inferences from observations).

Another evaluation framework is the structure of De Freitas and Oliver’s four dimen-
sions [4,57,58]: context, student specification, modes of representation, and pedagogical
principles. These dimensions allow for the evaluation of game-based learning and simula-
tions and should be considered interactive, each containing key characteristics. Harteveld
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and other authors [59–61] propose another model that contends that the design fundamen-
tals of any game have a serious purpose.

This model is in continuity with the structures presented previously, where the balance
between the forces exerted by the three intervening areas (pedagogy, game elements, and
reality) in the design or use of educational games is key. This model has three nuclear
pillars: Play Space, Meaning, and Reality. Another structure developed for designing
and developing educational games is the “Design, Play, and Experience Framework”
(DPE) [62–64]. Its main objective is to describe the relationship between the designer and
the player as a mediated experience to achieve the expected results through the game.
This model is supported by three pillars, each of which contributes to the game’s design
according to the phase/level of the game and the type of player.

When the “DPE Framework” is applied to Serious Games, it expands with another
set of layers related to the specificity of the design of these types of games (learning,
storytelling, gameplay, and user experience), which are transversal to the three components
of the structure (Design, Play, and Experience).

Two more models in the context of Serious Games design are the “Experimental
Gaming Model” and the EFM Model (effective learning environment, flow experience,
and motivation). These models emphasise the experience in the game context, focusing
on goals such as motivation, the player’s learning experience, and other emotional or
affective aspects.

According to several researchers [65–67], the “Experimental Gaming Model” presents
the learning process as circular, based on constructing cognitive schemes through activities
within the game environment. The direct interactions between players and their experiences
with the environment create a circular learning mechanism that includes all the necessary
steps to ensure the success and achievement of the objectives. The principal elements
of an educational game should be contained in the scenario that will define the learning
objectives. Feedback is crucial in providing insight into the acquired knowledge and
evaluating the player’s performance. According to Song and Zhang [68] and Hussein [69],
the EFM model suggests clever design practises to inspire motivation and help learners
genuinely learn from the game. It proposes ideas for developing games with effective
learning environments where students develop increased motivation during the experience
flow. An effective learning environment supports seven basic requirements by presenting
specific tasks with clear objectives and appropriate challenges while achieving a high
degree of interaction and feedback. The model includes two distinct levels: a group of
nine components of the flow of experience, subdivided into three categories (conditional,
experience, and results), and another group of strategies with four essential components
(relevance, trust, satisfaction, and attention) to stimulate motivation.

2.3.3. Final Considerations on the Design and Evaluation of Learning with Games

Despite the existing research and diverse approaches to applying evaluation in game
design and development, the use of assessment in game-based learning has yet to gain full
recognition for its role in the success of this learning approach.

The referenced models aim to associate the assessment process with students’ gains in
game-based learning. They highlight how various elements of games contribute to practical
evaluation within the games themselves. Key aspects of the game, such as the interface,
play environment, narrative, mechanics, and student motivation and involvement, are
crucial in this process.

Another critical aspect of the evaluation process is its stakeholders’ respective roles.
Evaluators face new challenges as they are expected to collaborate and assist in the evalua-
tion process and in understanding and identifying the entertainment elements of the game.

Evaluating knowledge acquisition and transfer through games focuses on the need
to hierarchise learning to achieve expected results. However, learning is not seen merely
as a sequence of goals achieved through a gaming experience. Though still performed
traditionally (i.e., summative tests), the evaluation now considers convergence models. Mo-
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tivation, a key element in the decision to carry out activities and corresponding knowledge
acquisition, is highlighted in various models.

According to Conole [70,71] and Wills and others researchers [72], there is a need
for greater convergence between the role of technology and its impact on evaluation. In
game-based learning, new models must be developed that allow us to explore and take
advantage of the success of the gaming experience. These issues are very important for
future research, especially in the methodologies for designing Serious Games.

3. Training, Competences, and Certification

Training and education are the same in definition but slightly different in context.
Both are actions associated with acquiring competencies (knowledge, skills, and attitudes).
However, education plays a crucial role in workplace learning, where learning is developed,
preferably in the workplace, to improve the performance of employees. They gain practise
with tools, equipment, and other elements that can be used daily. Complementing this is
another concept: certification. An initial definition of this concept is the validation of the
skills that the individual has achieved after the training programme, and this issue will be
discussed later in this chapter.

Training is associated with many contexts and is a planned learning experience that
ensures permanent change in individual knowledge, attitudes, or skills. The meaning of
this learning corresponds to improving the individual’s performance to achieve a certain
level of knowledge or skill through the organised transmission of information and/or
guided instructions.

Author Michael Armstrong [73] reinforces the idea of performance associated with
training by stating that it is a systematic development of the knowledge, skills, and attitudes
required of an individual to perform a particular task or job. Similarly, Edwin Flippo [74]
states that training increases an employee’s knowledge and skills to perform a specific or
particular job. Finally, the author Aswathappa [75] defines the concept as improving skills
and attitudes, where training contributes to updating old skills and developing new ones.

Training, as a systematic process, must be directed in such a way as to achieve the
expected benefits. We can characterise a training system (programme) in four phases: (1)
assessment of training needs; (2) design of training programmes; (3) implementation of the
training programme; and (4) evaluation of the training programme.

We can conclude that skills training reflects a programme whose structured approach
corresponds to an individual’s training needs to achieve specific results. When the training
is completed, the evaluation is carried out on-site, at work, or in the context in which the
task is carried out to verify whether or not the acquisition of desired knowledge, skills, or
attitudes is necessary.

Building on this understanding, certification is a voluntary process that precedes the
on-site verification of competencies (assessment). It is a powerful tool for professionally
recognising knowledge, skills, and other practises [76]. According to the authors Byrne,
Valentine, and Carter [77], the act of certification, when aimed at validating a more advanced
level of knowledge and practise, is a formal procedure that allows an individual or an
accredited/authorised entity to assess, verify, and attest, in writing and by issuing a
certificate, to the attributes, characteristics, quality, and/or other aspects related to the
status of individuals or organisations, procedures, or pre-processes, which are following
established requirements or standards [78,79].

Acquiring a certification signifies that the individual’s competencies and attitudes
gained endure. This enduring nature, coupled with benefits such as personal development,
career progression, financial reward, professional recognition, and perceived empower-
ment [80], underscores the value and security of the investment in training and certification.

Finally, training is an organised activity that imparts information or instructions to
improve performance or help individuals attain the required knowledge and skills. In
training, it is essential to distinguish between competency and competence. The former
refers to an individual’s ability to make deliberate choices from a repertoire of behaviours
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in specific professional contexts. The latter is context-dependent and involves integrating
knowledge, skills, judgement, and attitudes. Competences are “domain-specific cognitive
dispositions that are required to cope with certain situations or tasks successfully and
acquired by learning processes” [81].

Different types of competencies can be considered in organisations or specific fields.
First, we have personal competencies, representing the core knowledge, skills, and attitudes
each person should have for superior performance. Next, functional competencies are
related to specific technical knowledge within a particular area or profession. Finally, task
competencies are implicit and associated with specific role functions.

Regarding skills, “skill” is often preferred over “competence” in the training and
work environment. Hard skills encompass specific technical abilities or solid factual
knowledge required for a job, such as machine operation, programming languages, and
safety standards. These skills are typically trainable and easy to observe, quantify, and
measure. On the other hand, soft skills (also known as “people skills”) are more subjective
and are associated with personal attributes and character. Soft skills are essential for
applying technical skills in the workplace, including communication, teamwork, problem-
solving, and time management. These skills are more challenging to observe and quantify.

3.1. Reference Structures for Skills and Competences

This section aims to present various frameworks used to prepare and recognise the
skills that are being learned. The skills matrix is a tool for assessing the skills needed to
achieve maximum impact and locating where these skills can be found. In this way, the skills
framework is a structure that establishes and defines each skill (such as problem-solving or
people management) required of people who work in or are part of an organization.

This matrix/framework can take several approaches, most notably when recruiting
employees by aptitude standard and performance appraisal or identifying the aptitudes
required to perform an activity in any given role. A matrix can, therefore, be considered an
inventory of skills categorised by level, with a given required/chosen level of skills. This
matrix results in what can be learned (skills) and the quantification (points) required to
acquire and improve a skill.

3.1.1. European Qualifications Framework

The recognition of qualifications in Europe, more specifically in the European Union,
is carried out through the European Qualifications Framework (EQFs) (https://wwwcdn.
dges.gov.pt/sites/default/files/brochure_eqf_en.pdf (accessed on 7 July 2024)), which acts
as a standard reference system to link all national qualifications systems. For each of the
eight levels defined, there is a set of indicators that specify the expected learning outcomes
corresponding to the qualifications of that level in any qualifications system, covering
several education levels (primary, secondary and higher education, vocational training) [82]
as well as the processes of recognition, validation, and certification of competences obtained,
whether by non-formal or informal means [83].

This approach is based on learning outcomes, with eight reference levels defining
what is necessary and sufficient for each student to know, understand, and be able to
achieve after completing the learning process. These criteria are defined in terms of
knowledge as the result of assimilating information during learning; aptitude, as the ability
to apply knowledge and know-how to complete tasks and solve problems; and attitude,
as the proven ability to use knowledge; skills; and personal, social, and methodological
competences in a work or study context and professional and personal development [84].

3.1.2. Lominger’s Competency Models and Education Competencies: A Comprehensive
Approach

A competency model is a comprehensive framework that outlines the behaviours
employees must exhibit to achieve success in their roles or perform specific tasks effectively.
Unlike job descriptions, which enumerate the tasks and responsibilities associated with a
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particular position, competency models delve deeper by elucidating how employees should
perform their duties. While job descriptions provide a list of tasks and functions required
for a role, competency models identify the requisite behaviours, skills, and knowledge
essential for executing those tasks proficiently.

Lominger’s sixty-seven competencies have emerged as a universal standard for achiev-
ing task success. Known as the Leadership Architect Competencies, this assessment tool
enables us to compile a comprehensive list of competencies by combining existing models.
The goal is to encapsulate the essential skills for success in various contexts [85]. This
competency model represents “a collection of competencies associated with successful
performance” [86]. To apply it specifically to education and training, the same authors
collaborated with Microsoft to create a similar approach known as Education Competencies
or the Educational Competency Wheel [87]. This tool encompasses various attributes,
behaviours, knowledge areas, and abilities for effective job performance.

The competency table, as depicted in Table 3, comprises six core skill sets and per-
sonality characteristics. These include individual excellence (IE), organisational skills
(OrSs), courage (C), results (Rs), strategic skills (SSs), and operating skills (OpSs). While
these categories initially draw from Lominger’s standard set of 44 competencies, they
can be extended beyond education to other domains, such as competency training. The
competency wheel offers additional resources to identify core competencies critical for an
organization’s success [88]. These resources include clear definitions, proficiency levels,
sample interview questions, and activities aimed at skill development, all geared toward
helping organisations achieve their goals.

The six qualities or success factors can be categorised into two main types: hard and
soft skills. Hard skills are teachable abilities or skill sets that lend themselves to quantifica-
tion. In contrast, soft skills are more subjective and challenging to measure. Among the
core skill sets, we can consider individual excellence, courage, results, and strategic skills
to be soft skills. These enable effective collaboration, direct communication, goal-oriented
action, and pursuit of longer-term objectives. On the other hand, operating skills and
organisational skills fall into the hard skills category. They encompass the practical skills
for daily task management, relationship building, and effective communication across
diverse organizational contexts. With this restricted and adequate number of core compe-
tencies, the mapping aligns with the technical and personal competence needs based on
the expected results.

Comprising 37 competencies referred to as success factors, this set of categories, while
aligning with the Lominger matrix, is not limited to formal education. Its versatility
extends to areas like skills training and shares striking similarities with other performance
standards, such as the Baldrige Education Criteria for Performance Excellence, defined
by the International Society for Technology in Education and the National Standards for
Educational Technology [89]. Another important aspect is that this competency standard is
recognised by UNESCO, whose general competencies are ICT-related competencies [84,90]
and application competencies [88].

To conclude this section about the competency standards, it is essential to differentiate
between certification and qualification as they carry distinct meanings. According to the
European Qualifications Framework (EQFs), qualification represents the formal outcome
of an assessment. In contrast, certification involves a validation process conducted by
a competent body to determine whether an individual has achieved specific learning
outcomes according to a predefined standard.

Numerous international and national standards govern professional certification.
Notably, the ISO/IEC 17024 standard, developed by the International Organization for
Standardization (ISO) and the International Electrotechnical Commission (IEC), specifies
requirements for certification bodies [91]. These standards apply independently of any
specific area of expertise. The European Community has also adopted ISO/IEC 17024.
In the United States, the National Organization for Competency Assurance (NOCA) has
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established standards and an accreditation process for certification programmes since the
late 1970s.

Table 3. Educational Competency Wheel [87].

Educational Success Factors

Individual
Excellence (IE)

Organisational
Skills (OrSs) Courage (C) Results (Rs) Strategic Skills

(SSs)
Operating Skills

(OpSs)

Building Effective
Teams (IE1)

Comfort Around
Authority (OrS1)

Assessing Talent
(C1)

Action Oriented
(R1) Creativity (SS1) Developing Others

(OpS1)

Compassion (IE2)
Organisational)

Organisational
Agility (OrS2)

Conflict
Management (C2)

Drive For Results
(R2)

Dealing with
Ambiguity (SS2))

Directing Others
(OpS2)

Customer Focus
(IE3)

Presentation Skills
(OrS3)

Managerial
Courage (C3)

Decision Quality
and Problem
Solving (SS3)

Managing and
Measuring Work

(OpS3)

Humour (IE4)
Written

Communications
(OrS4)

Functional /
Technical Skills

(SS4)

Managing
Through Processes

Systems (OpS4)

Integrity and Trust
(IE5)

Intellectual
Acumen (SS5) Organising (OpS5)

Interpersonal Skills
(IE6)

Learning on the
Fly (SS6) Planning (OpS6)

Listening (IE7)
Strategic Agility
and Innovation

Management (SS7)

Priority Setting
(OpS7)

Managing
Relationships (IE8)

Technical Learning
(SS8)

Time Management
(OpS8)

Managing Vision
and Purpose (IE9)

Timely
Decision-Making

(OpS9)

Managing Vision &
Purpose (IE9)

Motivating Others
(IE10)

Negotiating (IE11)

Personal Learning
and Development

(IE12)

Valuing Diversity
(IE13)

A professional certification effort, a journey of empowerment, involves three relatively
independent dimensions. Firstly, the professional role characterisation includes defining
the specific professional role to be certified. Secondly, the list of required abilities and skills
to identify the abilities and skills necessary for professionals in that role. Finally, the de-
scription of the certification process outlines the certification process and its organizational
aspects, all designed to empower professionals in their respective roles.

ISO/IEC 17024 is a crucial standard for individual certification. It is a benchmark for
recognising certification bodies and their national and international certification schemes.
This standard plays a pivotal role in defining the certification process, encompassing all
activities through which a certification body establishes that a person fulfils specified
competence requirements.
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The competence certification system, a beacon of recognition, is a powerful tool
that enables professionals working in the labour market to gain recognition based on
their qualifications. By achieving specific parameters, professionals demonstrate their
competency, empowering them to showcase their skills and knowledge. For instance,
the EQFs assesses whether an individual has acquired learning outcomes aligned with
relevant standards. The validation process involves four phases: identification, where
dialogue is used to identify an individual’s experiences; visibility, which consists of making
these experiences visible through documentation; formal assessment, which evaluates the
experiences formally; and recognition, which leads to certification for partial or complete
qualifications. This process focuses on assessing the skills and knowledge demonstrated by
learners in specific tasks, ensuring their competency applies to real-world scenarios.

4. Triadic Certification Method

Creating virtual environments conducive to learning through games represents a
significant milestone. These environments guarantee success in acquiring knowledge
and experience for players and students, driven by motivational and engaging elements.
Previous literature reviews have highlighted the characteristics and strategies contributing
to successful game learning.

While individuals can be trained to achieve expected results in various situations and
contexts, assessing skills remains challenging. Specifically, further progress is required
to certify the knowledge and skills acquired during the learning processes conducted
through SGs.

This research addresses the development of new methods to maximise the benefits of
successful learning through games. To achieve convergence, we integrate certification of
competency training. Unlike assessing learning, this approach validates the knowledge
and skills acquired for professional functions or activities.

The Triadic Certification Method (TCM) aims to incorporate certification into SG devel-
opment (from conception to design and implementation). This method involves four steps
that influence game design, ensuring elements necessary for certification success. Commu-
nication between key stakeholders—the trainer/instructor and the designer—guarantees
fundamental decisions regarding SG functionality.

The method, a testament to its versatility, is not restricted to game taxonomy and
applies universally regardless of game type; it applies to any training context and adapts
to diverse training scenarios. Skills acquired during training levels align with proficiency
levels, reflecting the learning state. Certification occurs only when all defined competencies
are successfully trained, reassuring professionals of its comprehensive applicability.

To address the research question about integrating certification into game development,
we must embed the context of training and competency certification within the game
design process. This inclusion necessitates rethinking the entire SG development chain.
Additionally, we introduce a new team member—the instructor/coach—who defines skills
and competencies. The instructor actively contributes to specifying contextual elements,
such as characteristics, missions, specific objectives, and expected learning outcomes.

4.1. Relationship between Game Taxonomy and Competencies Development Survey

This research significantly defines the correlation matrix between game taxonomy
and competencies. The effectiveness of training-based games, especially Serious Games,
hinges on their ability to provide challenges that facilitate the acquisition of knowledge,
experience, and professional aptitudes. However, there is no ideal design methodology to
support this process.

A critical piece of information for game designers aiming to adapt mechanics for
practical certification through SGs is the game genre. To address this, this study analyses
standard options used in challenges based on a set of competencies. The evaluation draws
from various game taxonomies, including those proposed by Adams and Dormans [92],
Adams and Rollings [26], ESA [93], Bateman and Boon [94], Stahl [95], and Wolf [28]. Since
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no standard or universally accepted taxonomy exists, the researchers define their taxonomy
as consisting of 8 categories subdivided into 22 subcategories.

Table 4 provides a quantitative overview of the analysed games, categorised by genre
and subgenre. The genre with the highest number of Serious Games analysed is simulation,
followed by puzzle and adventure games.

Table 4. Quantitative summary by genre and subgenre.

Genre Subgenre Subtotal Total

Action

“Beat-’em-ups” “Beat ’em ups” 2

81st/ 3rd person game 1

Platform games 5

Strategy

4X (eXplore, eXpand, eXamine, eXtermine) 1

8

Real-time strategy 1

Real-time tactics 1

Turn-based strategy 4

War games 1

Role-Playing
Action RPGs 2

4
MMORPGs 2

Sport
Exergames 2

3
Sports/management games 1

Management
simulation

Racing/vehicle games 6

41
Virtual worlds/fantasy/pets 24

Business 8

Social games and life simulations 3

Adventure
Graphics adventures 17

19
Puzzle adventures 2

Puzzle

Arcade/Action puzzle (timed) 14

22
Physics games 4

Hidden images games 2

Traditional games 2

Quiz 11 11

The chosen competency model, between the previous reference structures, is educa-
tional competencies, developed by Microsoft. This set of competencies aligns with current
references and is considered essential for future success in performing various functions.

The research analyses 116 Serious Games from different sites and open repositories
available in [96]. For each game, they collect information such as description, classifi-
cation, domain areas, game genre, topics, audience, and type of realism. By analysing
available data and, when possible, playing the games, the researchers identify the specific
competencies involved.

The study’s results provided a cross-reference of the genre categories with a set of
competencies in a matrix, allowing us to identify some areas with significant intersections
to achieve learning outcomes [97–99].

Many genres’ potential to support aptitude learning is significant. It contributes in
the same way to developing various game design strategies. The contribution of this
study results in the mixture/combination of genres or the reinforcement of challenges to
reach skills such as Decision Quality and Problem-Solving (SS3) and Technical Learning
(SS8); Organisation (OpS5) and Timely Decision-Making (OpS9); and both results category
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competencies, Action-Oriented (R1) and Move for Results (R2), which can be synchronised
in different strategies to achieve better student performance.

In summary, this research bridges the gap between game design, competencies, and
certification, emphasising the importance of aligning game mechanics with desired learning
outcomes. Developers can create more effective Serious Games for training and certification
by understanding the interplay between game genres and competencies.

4.2. Design of Triadic Certification Method

The Triadic Certification Method (TCM) represents an important advancement in SGs,
particularly concerning competency and skills certification. The TCM enables performance
measurement during training missions by directly integrating training guidelines into
SG design.

The TCM architecture comprises four steps, each contributing to evaluating skills
acquisition and certification. Unlike traditional post-game questionnaires [99], the TCM
assesses player performance within the game itself. This approach provides clear guidelines
to the development team, especially designers, ensuring competencies are seamlessly
woven into the game construction alongside an evaluation map.

The following figure, Figure 1, shows the method design:
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Figure 1. Workflow of Triadic Certification with used tools and defined goals.

In the first step, the analysis/diagnosis of the training context involves collaboration
between the trainer/instructor and the development team. The training needs and compe-
tencies required for specific learning objectives are defined. Identifying situations, scenarios,
and learning outcomes allows for detailed training planning, focusing on knowledge, skills,
and aptitudes.

The TCM also leverages two methodologies: The Mission Essential Task List (METL) [100,
101], which hierarchically lists essential tasks and activities, and the CRAWL-WALK-RUN
Approach [102–104], which defines task sequences to promote progressive learning. Con-
structing a reference table for training scenarios associates training stages with lists of
essential tasks, ensuring successful training by achieving expected performance levels. To
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visualise the scenarios, a concept similar to the use case diagrams (through the Unified
Modelling Language—UML [105]) can be used to reference training scenario actors.

The second step of the method involves mapping educational competencies to align
with the list of tasks and activities determined in the preceding stage, with the trainer or
instructor remaining the central figure. During this phase, the focus shifts to defining the
fundamental skills required by each target group profile, which will be developed through
training. This definition is derived from aligning training competencies with educational
competencies [87]. This mapping exercise contextualises the specific training environment
with a standardised reference point, ensuring that skills acquisition can be appropriately
assessed across different scenarios.

Initiating this stage of the method involves utilising a chosen reference matrix as
a competency model to identify the essential competencies necessary for performing
or training in a specific role across various contexts such as employment, occupation,
organisation, or industry. The aim is to construct a behavioural description representative
of the function to be performed based on the definition of competencies associated with
each occupational role, as suggested by Fogg [106].

Once the competencies for a specific task or position have been identified through
mapping from the reference matrix, the next step involves determining the most suitable
actions within the game to achieve the learning objectives, known as game mechanics.
Upon completing this step and defining the basic skills profile, attention shifts to the
subsequent step: selecting the genre of the SG based on the correlation between game
mechanics and basic skills.

The third step entails choosing the SG genre that best aligns with the previously
defined basic skills profile. To accomplish this, extensive research on various Serious
Games is conducted to comprehend the contributions of different gaming genres towards
competency acquisition. While identifying the optimal game mechanics for skill acquisition
can be challenging, analysing game genres aims to uncover patterns of competencies that
specific game genres effectively encompass.

By conducting a high-level analysis of the mechanics in various Serious Games, de-
signers can determine the most suitable game mechanics for acquiring specific skills. This
methodology aspect falls under the designer’s responsibility, providing a guiding frame-
work for game design while allowing room for creativity.

In certain instances, the choice of genre may not be straightforward but rather a com-
bination of genres, where insights from the correlation matrix combine mechanics and
challenges from various genres to train the desired skills effectively. A key conclusion
drawn from this correlation matrix is the importance of leveraging past successful experi-
ences with Serious Games to inform future development, thereby facilitating correct and
efficient implementation.

The fourth and final step of the method involves integrating previous design contri-
butions into the new game. This module aims to adapt the serious game design for skills
training while maintaining autonomy in operation and configuration, contingent upon
receiving values/elements related to player performance within established mechanics and
challenges. Additionally, this step finalises the development of the Triadic Certification
Method (TCMd).

The TCM serves as a communication tool among stakeholders, aiming to standardise
game design for competency acquisition by balancing three components: identified skills
and competencies (basic skills), mechanics and challenges based on game type (mechanics),
and training levels (reality). Through the “in-game” certification method facilitated by
the TCM, design contributions are defined, certified, and validated, ensuring that games
effectively foster learning. Figure 2 is the Certification Triadic Model for training local tour
guides, which comprises three reference axes: vertical, horizontal, and oblique. Each axis
assumes a specific function to achieve defined competencies [107].

Starting with the vertical axis, it encompasses competencies aligned with various
proficiency levels (basic, intermediate, advanced, expert), distributed across a mechan-
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ics framework. The progression of skills throughout the training sessions is marked by
assigning the achieved proficiency level.

The horizontal axis represents the mechanics of skill acquisition, applied transversally
across competencies. Learning progresses linearly through the accumulation of successful
tasks, with higher competency levels indicating previous success.
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The oblique axis refers to sessions or training levels, illustrating the progression of
competencies from basic to expert levels. Each subsequent level builds upon the results of
the previous level, fostering a cumulative advancement in proficiency profiles.

While the model emphasises progressive learning, it acknowledges that certain com-
petencies may depend on a single mechanic or that a single training level may incorporate
multiple mechanics. It also recognises the possibility of continuity or discontinuity in learn-
ing objectives between different training levels, with some outcomes remaining consistent
across multiple proficiency profiles.

After presenting the model’s guidelines, we propose demonstrating its application as
a customisable process since the starting point is always the context in which the skills are
trained (reality). The Triadic Certification Method shown in Figure 2 refers to the training
of local tour guides. Starting from this specific reality, it is a priority to understand the
elements of certification for this activity, such as which tourist region and tourist resources
contribute to a variety of tourist experiences: cultural, gastronomic, and traditional points of
interest, whether it is one location or a group of locations. The certification of competencies
for this professional is based on a successful profile that requires mastery of various areas
of knowledge and skills, such as the geography of tourism, history, and cultural and
architectural heritage, as well as culture and traditions of the regions, various types of
communication (oral, written and active listening), group facilitator, mastery of several
languages, and planning and organising tourist routes and circuits [99].

Following the TCM, various steps were defined (training scenarios, identifying the
educational competencies to support certification, and finally, identifying the correlation
of the expected competencies with the game genre and its most appropriate mechanics).
Bearing in mind that scenarios for exploring the tourist region have been defined, the
following competencies are defined:

- Planning (OpS6), Organisation (OpS5), and Time Management (OpS8).
- Written Communications (OrS4) and Presentation Skills (OrS3).
- Action Orientated (R1).
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- Decision Quality and Problem Solving (SS3), Technical Learning (SS8), and Strategic
Agility and Innovation Management (SS7).

These competencies correspond to various tasks related to the acquisition and demon-
stration of knowledge in the following aspects:

- Monuments;
- Cultural and architectural heritage (centuries-old and specific stories and traditions);
- Understanding the people’s traditions as a key to organising and planning different

thematic and tourist itineraries for different target audiences.

Considering the third step, the most suitable game genre combines both adventure
genres: graphic and puzzle.

The game aims to use an avatar to explore an interactive story, which together takes on
mental challenges in mini-games (puzzles and challenges) about tourist resources. Three
training levels were defined to demonstrate the Triadic Certification Method’s construction:
navigation, knowledge, and recommendation about a tourist region. With more detail on
each training level, on the navigation level, the player will use a map of the tourist region,
monitored by a GPS device whose route taken between two points of interest (POIs) will
help validate route choices, time, and distance travelled. This level also ensures the physical
recognition of routes and their POIs. As for the second level, knowledge acquisition occurs
by identifying the POI and answering questionnaires and other challenges in various
on-site situations. The questions will be trivia about random locations, destinations, or
other more specific contexts relating to current or past events. The third and final level,
the recommendation, has a double meaning: the extra motivation to share opinions and
ratings on the spot of the various resources encountered and the collection of other helpful
information from other participants that will be fundamental to the planning component
of the thematic and other more specific itineraries that will have to be trained. The final
classification of the route planning depends on the knowledge already acquired of the POIs
included in the route, as well as the recommendations made to them.

However, we must bear in mind that the levels are cumulative, and it is necessary
to collect several navigation routes between crucial tourist spots and the respective POIs
found to ensure that all the other knowledge acquisition actions happen.

In conclusion, the Triadic Model offers a comprehensive and customisable framework
for understanding and implementing skills training through Serious Games in different
areas. It emphasises the integration of competencies, mechanics, and training levels to
facilitate effective learning outcomes. In summary, the TCM bridges game design, compe-
tencies, and certification, emphasising the importance of aligning game mechanics with
desired learning outcomes. By involving players in the design process, the TCM supports
effective Serious Games for training and certification purposes.

5. Case Study of Driver’s Licences—Comprehensive Training Method for Light
Vehicle Driving

To test our research hypothesis, we develop gaming applications, specifically proto-
types, to support the case study of competence training for obtaining a driver’s licence. This
case study focuses on road safety, which remains an enduring priority. Utilising games as a
learning tool offers scalability of results, cost reduction, and solid consolidation of learning.

Acquiring driving skills is considered complex and dynamic because it involves
various psychological processes on the driver’s part. This complexity can be broken down
into three acquisition stages: information gathering, information processing, and action.
New Serious Game-based learning tools can enhance the quality of driving skills acquisition
and training to promote safer and more responsible drivers.

5.1. Case Study Context and Implementation in DRIS

The motivations for studying the acquisition of driver’s licences are twofold. Firstly,
analysis of OECD (Young Drivers—The Road to Safety: Conference of Ministers of Trans-
port (ECMT): OCDE 2006; https://www.oecd-ilibrary.org/transport/young-drivers_97
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89282113356-en (accessed on 7 July 2024)) data revealed that road accidents were a major
cause of death among individuals aged 15 to 24. Deaths and serious injuries resulting
from road accidents pose a significant public health issue, with young drivers being major
contributors. Seeking validation solutions for driving tasks could gradually reduce this
ongoing catastrophe.

Secondly, we tested this case study in the context of automotive driving learning
using the virtual automobile simulator (DriS) in the Traffic Analysis Laboratory of the Civil
Engineering Department at the Faculty of Engineering of the University of Porto [108,109].
The virtual simulator was configured with a training environment to monitor students’
real-time performance evolution and corresponding validation according to predefined
plans/assignments and learning objectives. The simulation room has an image projection
system with a projector and a screen. The driving position consists of a real vehicle
(customised Volvo 440 turbo). Figure 3 shows images of the simulation room and its
driving position. The vehicle’s integrated instrumentation includes sensors for actuating
the pedals (clutch, brake, and accelerator). The car also has instrumentation for reading the
gear engaged, direction indicators, the position of the ignition key, and all the light controls.
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Utilising DriS, our objective was to test the application of the concept of validating
vehicle control and mastery skills (operational) and adaptation to constant changes in
the road environment (tactical) based on the learning support matrix of Driving: GDE—
Goals for Driver Education [110–112]. This matrix hierarchically defines the driving task,
emphasising individual driver characteristics impacting driving, including experience,
attitudes, skills, motivations, decisions, and behaviours. This matrix allows for defining
educational objectives and performance indicators in driver training as a tool for defining
the skills necessary to become a safe driver. Understanding learning guidelines is vital,
as they indicate that some areas must be learned before others may progress and that the
development of different components has varying timings.

Feedback is another crucial aspect of learning to drive, informing driving practises
at higher- and lower-order factors. In the first case, feedback acts as a regulator and
behavioural motivator, while in the second case, it actively engages the trainee throughout
the driving task, connecting to necessary automatisms and procedures. The amount of
feedback perceived in the driving task at this lower level is greater, suggesting that low-
level skills are learned faster than high-level skills. A prototype was implemented for
the training certification system module to validate the acquisition of a driving licence.
Developed for the Windows Operating System, the module aims to integrate with any
serious game, providing a set of metrics representing the necessary mechanics for real-
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time training. The module’s coupling is intended to be generic and established through
communication via “sockets” in TCP/IP networks. The programming module is designed
to be compatible with other application cases through the definition of distinct projects
associated with a separate database file. This option ensures independence and portability
for each application case.

The tool allows each participant to independently interact with three distinct work
areas in the training process: trainer, who defines training competencies; game designer,
who defines game elements and mechanics associated with training; and certification, as
the training outcome component, which analyses student performance data and provides
feedback on the training plan. The feedback system is a critical component in this imple-
mentation. It enables monitoring of tasks performed by students during implementation
through visual and auditory means.

5.2. TCM Design

The implementation of the TCM commences with the analysis of training scenarios.
To conduct this competence diagnosis, it was imperative to consult the legal code of the
road and driving instructional manuals, which organise various theoretical themes of
road safety, traffic rules, and traffic signals. Additionally, technical files developed by
the IMT (Portuguese public entity regulating mobility and transport) and testimonies
from professional instructors were utilised to understand the procedures for initiating the
practise of driving a Category B motor vehicle.

Driving instruction in Portugal follows a matrix structure allowing for the organization
of various levels of learning for drivers. The legislative and regulatory responsibility for
driving education lies with the Portuguese State through the Institute of Mobility and
Transport (IMT, IP). Based on the gathered information about the practical learning of
driving tasks, frameworks of learning phases were developed, aligning with the Portuguese
driving education system.

In the initial step of this Triadic Method, we conduct a meticulous analysis of the tasks
and competencies essential for driving light vehicles. Our objective is to design distinct
training levels that ensure thorough mastery of these competencies, ultimately preparing
drivers for real-world scenarios.

We have identified three core competencies crucial for effective driver training: speed
adaptation and vehicle control, complete vehicle mastery, and traffic situation resolution.
Each competency is broken down into specific learning topics, which are then linked to
targeted tasks, ensuring a comprehensive learning experience.

Our training strategy is founded on the proven “Crawl-Walk-Run” methodology. In
the “Crawl” phase, trainees begin with fundamental tasks, building a solid foundation
of basic skills. In the “Walk” phase, the difficulty and realism of tasks gradually increase,
promoting steady progress. Finally, in the “Run” phase, trainees achieve high-level perfor-
mance through advanced practise, simulating real-world driving conditions.

Using the Mission Essential Task List (METL) methodology, we create a structured
hierarchy of tasks for each training mission. Training scenarios are designed to increase
in complexity progressively, allowing learners to build on their knowledge and skills
systematically. For this case study, we focus on three key competencies: speed control,
navigating crossings and intersections, and manoeuvring through wide curves.

To instil automatic responses in trainees, we include specific tasks such as safe vehicle
startup and stopping, speed changes emphasising the coordination of gearbox and ped-
als, light driving on straight and curved tracks, and defensive driving decision-making
based on road signs. A variety of routes are created to incorporate different driving
situations, connecting various activities through specific route signalling, ensuring compre-
hensive learning.

The routes (T1 to T5) include right and left curves with appropriate signalling. We
simulate real traffic conditions by placing other vehicles in the trainee’s path and at in-
tersections, enhancing the realism of the training. Driver performance is assessed based
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on compliance with signage and successful task execution along the routes, covering all
competencies cumulatively.

The interconnected routes allow for continuous competency training. During evalua-
tion, these connections ensure that the training paths align seamlessly with the assessment
scenarios, promoting a cohesive learning experience. The sequence of training paths,
detailed in Figure 4, showcases the interconnection of routes and competencies:
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This comprehensive training framework ensures drivers progressively acquire essen-
tial driving skills, leading to superior performance in real-world situations. Our meticulous
approach guarantees that every driver is thoroughly prepared, confident, and safe on the
road. Embrace this training method to master the art of driving light vehicles and transform
your driving experience today.

The second step in our Triadic Method involves competency mapping, focusing on
four specific competencies: speed limit control, in-road vehicle control, and approach to
crossings and junctions, distinguished by STOP signalling and signalling with and without
right of way. By aligning these competencies with our educational competency matrix, we
identified that they align best with strategic skills (SSs) and operational skills (OpSs).

From our reference matrix (Figure 5), the following competencies emerged as critical:

• Strategic skills (SSs): Decision Quality and Problem Solving (SS3) and Functional/
Technical Skills (SS4)

• Operational skills (OpSs): Planning (OpS6), Priority Setting (OpS7), and Timely
decision-making (OpS9)

• Results (Rs): Action Oriented (R1)

In the third step, we selected the game genre based on a correlation matrix between
game genres and competence benchmarks. This step ensures the skills identified are
seamlessly integrated into the game design, facilitating effective training. Our analysis
revealed that action, strategy, and simulation genres had the highest success rates. Thus,
our case study involves a hybrid of simulation games with vehicles (such as rally or heavy-
vehicle driving) combined with action and strategy elements. This blend allows us to
leverage individual mechanics effectively, with lower levels engaging in action mechanics
and higher levels incorporating strategic elements.

In the fourth step, we implemented the game using this combination of mechanics,
aligned with the chosen game taxonomy. This approach enabled us to pinpoint specific
challenges that correlate with the game’s objectives. For each selected genre, we identified
mechanics and actions crucial for training the anticipated competencies:

• Spatial perception: enhancing the ability to navigate through the game environment
to develop a spatial relationship essential for reaching destinations.

• Points: providing feedback on progress within the scenario, enhancing visualisation
and goal tracking.

• Levels: introducing new sets of challenges in different scenarios to demonstrate
progression.

• Detailed simulation actions: including acceleration, deceleration with pedals and
gearbox, braking, coordinating the vehicle within the lane, and stopping the car.
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Figure 6 illustrates the mapping of competencies within the training plan, where
each horizontal axis corresponds to a different path (e.g., Path 1, Path 2). The alignment
between skills and paths is established through the mechanics or challenges implemented
in the game.
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Figure 6. Mapping of the training (paths) with the level of competence acquired through the
mechanics identified by the game taxonomy.

Each defined competency has a scalable profile (1—basic, 2—intermediate, 3—advanced,
4—expert) associated with it, classifying the use of mechanics in the task. This profile
classification serves a dual purpose: categorising all mechanics and competency alignments
with a learning level and contextualising the student during training tasks to achieve
learning outcomes.
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Each training path incorporates one or more skills that can be learned or trained
sequentially. This mapping allows us to track the evolution of competency along the scale,
contingent on the successful performance of the mechanics. This structure frames the
learning of competencies within each path, enabling students to accumulate evidence of
their learning by successfully performing tasks through mechanics. Post-training, the
learning outcome is determined by combining successful evidence from various mechanics,
creating a profile, and then assigning the achieved degree of competence.

By adopting this method, we ensure a structured, progressive, and practical approach to
mastering light vehicle driving. This method prepares drivers comprehensively and instils
confidence and ensures safety on the road, ultimately transforming the driving experience.

Mapping of competencies along the competency training plan allows for alignment
between skills and paths through mechanics or challenges implemented in the game. Each
training path incorporates one or more skills that can be learned or trained sequentially.

If the mechanics’ performance is successful, the evolution of competency along the
scale is verified. This structure enables framing the learning of competencies within
each path, accumulating evidence of learning through successful task performance. After
training, the learning result is achieved by combining successful evidence from various
mechanics, creating a profile, and assigning the achieved degree of competence.

This comprehensive methodology ensures a systematic approach to competency train-
ing in driving education, facilitating effective learning outcomes for drivers.

5.3. Analysis of Results

Following the completion of the tests, 50 volunteers participated, comprising 38 men
and 12 women aged 18 to 65. Unfortunately, four participants withdrew prematurely due
to simulation-induced nausea. The remaining 46 participants were categorised into two
groups based on whether they held a driver’s licence: 31 participants held licences, while
15 did not, as delineated in Table 5.

Table 5. Description of participants.

Category Groups Frequency Percentage

Age

18–23 26 56.5%

24–30 12 26.2%

31–40 4 8.7%

41–50 3 6.5%

52–65 1 2.2%

Gender
Female 11 23.9%

Male 35 76.1%

Driver’s Licence
Yes 31 67.4%

No 15 32.6%

All participants underwent a comprehensive familiarisation process with the simulator
throughout the experiment. This involved understanding acceleration, deceleration, steer-
ing wheel control, and traffic signs. Even those without a driver’s licence were fully briefed
on traffic signs and their meanings. The data collected from the experiment provided a
meticulous analysis of each competency, showcasing the individual learning progression
under the well-structured training plan.

Although the study presented in this document has a more methodological focus,
the instrument validation must be addressed. To analyse and process the data collected
with the user tests, we considered various statistical instruments before and after the
descriptive analysis of the results, which we do not present here. Firstly, we check the
internal consistency of the data using Cronbach’s alpha test, with two separate analyses:
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one for performance by competence and the other for overall performance. Secondly, the
sample distribution was validated using the frequency and standard distribution curve,
and lastly, the correlation between the variables through Pearson’s coefficient (r).

We considered qualitative variables such as gender, driving ability, and age to assess
participant performance during training (paths 1, 2, 3, and 5) and evaluation (paths 7 and 8).
Performance was analysed based on both components’ success in training and evaluation
and the transition from training failure to evaluation success. Graphical data analysis
allowed us to evaluate overall performance differences and individual progress.

The analysis of speed competence revealed high failure rates globally and in specific
segments. Only 18 out of 46 participants succeeded, possibly due to the training design and
the imposed 40 km/h speed limit. The repetitive nature of the training routes likely caused
disinterest and monotony, contributing to the low success rate. In contrast, the control of
the car within the lane showed a positive learning evolution, with a 10% improvement
despite a reduced growth margin. This positive trend was further reinforced by the fact
that most participants (37 out of 41) had completed training and evaluation.

There was an improvement in the competence of approaching crossings and junctions
with signalling. The success rates increased from 9 participants in training to 23 in evalua-
tion, marking a remarkable 255% improvement. However, the slight difference between
training and both moments (7 participants) indicated that many struggled with mandatory
STOP signalling.

The right-of-way competence also saw positive results, with 31 out of 46 participants
(67%) achieving success. The desired behaviour improved significantly, with 17 participants
showing positive evolution between training and evaluation. Globally, the performance
evaluation indicated that 86% of successful participants were qualified to drive, validating
our training plan. Only seven participants (six males and one female, with four under
23) successfully acquired all four competencies. The low overall success rate could be
attributed to the repetitive nature of the training routes and the 40 km/h speed limit, which
caused frustration and demotivation.

The CRAWL-WALK-RUN method, which involves sequential and repetitive task
performance, yielded limited success in skills acquisition. Despite this, the high success
rate among participants with driver’s licences (86%) confirms the validity of our training
method for designing and validating competencies.

In conclusion, despite some challenges, our comprehensive training method effectively
prepares participants for real-world driving scenarios. It ensures a structured, progressive,
and practical approach to mastering light vehicle driving. This method instils confidence,
ensures safety, and transforms the driving experience.

6. Conclusions

In recent years, Serious Games have emerged as a compelling alternative for acquiring,
training, and certifying skills because they provide a more engaging and meaningful learn-
ing experience. By incorporating rules, behavioural simulations, and feedback mechanisms,
Serious Games create an environment where learners can make mistakes without real-life
consequences and receive instant feedback. However, Serious Games must be designed us-
ing appropriate training validation and certification methodologies. The gameplay element
is crucial for progression and successful learning outcomes.

This research was conducted with a rigorous and innovative approach to answer
whether using player performance and interaction with the game to certify acquired
competencies is possible. A comprehensive literature review confirmed the relevance
of this question, leading to a focused exploration of integrating evaluation processes
and certification within game-based learning, following specific norms for measuring
student performance.

The conclusions of this research underscore the unique features of the Triadic Certifi-
cation Method, distinguishing it from the existing literature and providing it with strong
academic value. The integration of the correlation matrix between competencies and game
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taxonomy is a pioneering contribution, enabling game designers to craft Serious Games that
both entertain and foster effective and specific learning of competencies. This breakthrough
sets a benchmark that can be applied to diverse training contexts, potentially replicating
best practises in developing new Serious Games.

In addition, the study comprehensively identifies the aspects of game design that
favour competency-based assessment and training, bringing them in line with the demands
of the 21st century. Structuring the four-step Triadic Certification Method provides a
systematic approach to measuring and certifying player performance, using learning
metrics that go beyond the traditional ones and incorporate elements such as agility,
attention, cooperation, and precision.

Integrating competence matrices into serious game design offers practical and context-
specific training scenarios. This aspect empowers designers to tailor game mechanics
for skill acquisition, enhancing Serious Games’ effectiveness. The introduction of the
Triadic Certification Method, which balances basic skills, game mechanics, and reality,
stands out for its ability to keep those involved in the training and certification process
independent while promoting effective communication between them. This visual model
enables situational awareness of the progression of skills acquisition over the various
training levels, ensuring a robust and visually comprehensible methodology.

Another important result was the integration of learning metrics into in-game eval-
uation systems. Implementing performance validation based on scores derived from
successful activities within a training plan could assess the effectiveness of knowledge
and skill acquisition and offer a viable alternative to traditional validation methods such
as surveys and observations. The ability to quantify training success based on in-game
results reinforces the effectiveness of the Triadic Certification Method, opening up new
possibilities for assessing and certifying competencies in innovative learning environments.

Overall, this research validates using Serious Games in skills certification and in-
troduces pioneering tools and methodologies. These innovations have the potential to
transform educational and training practises in various areas, offering new and effective
ways to assess and certify competencies.
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Abstract: Preschoolers now play digital games on touch screens, e-toys and electronic learning
systems. Although digital games have an important place in children’s lives, there needs to be more
information about the meanings they attach to games. In this context, the research aims to determine
the perceptions of preschool children studying in different regions of Turkey regarding digital games
with the help of metaphors. Four hundred twenty-one preschool children studying in seven regions
of Turkey participated in the research. The data were collected through the “Digital Game Metaphor
Form” to determine children’s perceptions of digital games and through “Drawing and Visualization”,
which comprises the symbolic pictures children draw of their feelings and thoughts. Phenomenology,
a qualitative research model, was used in this study. The data were analyzed using the content
analysis method. When the data were evaluated, the children had produced 421 metaphors collected
in the following seven categories: “Nature Images, Technology Images, Fantasy/Supernatural
Images, Education Images, Affective/Motivational Images, Struggle Images, and Value Images”.
When evaluated based on regions, the Black Sea Region ranked first in the “Fantasy/Supernatural
Images and Affective/Motivational Images” categories. In contrast, the Central Anatolia Region
ranked first in the “Technology Images and Education Images” categories, and the Marmara Region
ranked first in the “Nature Images and Value Images” categories. In addition, it was determined that
the Southeast Anatolia Region ranks first in the “Struggle Images” category.

Keywords: preschool education; metaphor; digital game

1. Introduction

Today’s children have a more comprehensive range of modern digital technologies,
such as tablets and smartphones, than previous generations [1]. Modern digital technology
has changed children’s play platforms and how children interact with materials. In this
change process, contemporary children benefit from digital developments called “digital
play” [2]. Digital developments and the affordability of mobile devices have made digital
games an increasingly common phenomenon among children [3]. For this reason, the
“digital game” concept is seen as a new game form [4].

Digital games are entertainment and media played on digital tools and have learning
opportunities [5]. Nevski and Siibak [6] defined digital play as the actions children perform
on the touch screen, while Kinzie and Joseph [7] defined it as fun and exciting actions
where the rules are followed in line with a goal. In short, digital play is expressed as an
area where children use digital technologies [8]. Based on these definitions, it is seen that
digital games include learning through exploration and inquiry, as well as learning through
play in a broader context. In particular, a digital game can be played individually or in
groups, with or without adult support, with devices such as computers or tablets [9].

For this reason, children have become able to use digital technology devices anytime
and anywhere [10]. This shows that the digital age has reached the early childhood age,
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and its usage by children has become widespread. At the same time, it stated in studies that
30% of children aged six years and under play digital games [11]. In a study by the Hong
Kong Ministry of Health, 70.3% of children aged 4–14 years played video and computer
games five days a week on average [10]. In addition, it is stated that 86% of children aged
5–6 years in Russia can use digital tools [12]. From this point of view, it is noteworthy
that children’s games in this period have gradually changed from traditional to digital
games [3].

Children no longer play face-to-face but with their friends on screens; they have
begun socializing in virtual environments rather than in real life. When it comes to playing
games, digital games come to mind first, and children prefer to play with digital tools,
not with their friends [13]. Studies also indicate that digital technologies limit children’s
activities with the individuals around them [14,15]. On the other hand, it is stated that
children who play these games and are in the developmental period face many negative
consequences, including worsened vision and hearing, delay in development, aggressive
behaviour, addiction, inability to socialize, decrease in creative activities, deficiencies in
language development, and emotional problems [12]. In short, digital games are criticized
for causing problems such as children’s inactive lifestyles, sleep disorders, and a lack
of physical activity [14]. However, it was pointed out that digital games, like all other
game types, are not low-level game modes and provide more opportunities for children to
play [3]. It is an active component of children’s playing and learning [16].

When the positive and negative aspects of digital games are evaluated in general,
the significant point depends on the design of digital games. Digital games should have
meaning for children and be designed to suit their abilities and desire to play and ex-
plore [17] because the rules, challenges, and feedback of digital games can be rewarding or
frustrating, build or destroy self-confidence, help to develop desirable or undesirable skills
or create engaging experiences. Children learn in a well-designed digital game because
they need to, and motivation is built into it. In other words, if digital games are designed
to serve children’s interests and abilities, their desire to play and explore, and their inner
learning needs, children will be more likely to develop and strengthen their curiosity and
attention [11,18]. In short, digital games should provide rich, fun, and interactive experi-
ences by supporting children’s learning, cognitive development, skill development, social
interaction, physical activities, and health behaviours [19]. In this way, children will gain
competence in self-management, competence, and a desire to learn. Children’s early years
lay the groundwork for their lifelong development, and therefore, it is crucial to know
how to design games that will serve them well and to choose games that are designed for
them [11,20].

From this point of view, digital games that support holistic development should not
be compared with traditional game formats and should not be differentiated from them.
Digital games should be considered an educational activity that allows children to interact
with a digital environment and explore the world [9]. Digital games support effective
learning and activate children’s interests [21]. They help children reach their academic
expectations. They connect in-school and out-of-school learning experiences. They improve
children’s social skills and benefit their problem-solving skills [14,18]. They also support
the development of creativity and imagination, the basic building blocks for children’s
future emotional and cognitive development and academic skills. In this way, children
master various skills and knowledge [11,19,20].

The context in which children play should be re-evaluated, as children’s games have
now become an area that includes technology and the latest tools. Based on the developmen-
tally appropriate practice philosophy, it is essential to consider how children’s experiences
change during this process and how current play strategies affect their learning [22]. For
this reason, the relationship between play and technology should be addressed in the early
childhood curricula, and the existing gap should be closed. Therefore, it is crucial to prop-
erly select, use, integrate, and evaluate digital games in order to develop children’s learning
and discovery skills. In this process, digital games should be used as pedagogical tools
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that serve the basic features of “learning through play” and “playing through learning” by
combining games and technology. The point here is how to escalate the positive outcomes
of these new media in a way that enriches children’s play experiences [9,23].

Digital games have become indispensable for children growing up in the technology
age; therefore, children’s games have been extensively studied in the last decade [24]. These
studies generally focus on how long digital games are played [25], advantages [5,19,26,27],
disadvantages [28], and types of digital games [1]. However, adult opinions (educators,
software, parents) are included in these studies [2,3,12,21,24]. Although these studies
provide essential information, we know that young children growing up in the age of
technology are playing games and spending more time with the increasingly common
digital tools. Topics related to children’s understanding of digital games still need to be
adequately researched. The present research is one of the original studies that reflect
children’s perceptions of digital games since it is a candidate to be the first in the field as a
metaphorical study on how children conceptualize and perceive digital games in seven
regions of Turkey and at least three cities from each region. A metaphor is an essential
tool that directly compares a concept in one field to another unrelated field. At the same
time, metaphors are seen as a fundamental element of human cognition, shaping how we
think and reason about the world. They provide a new way of thinking about general
concepts. Metaphors are complex cognitive mechanisms that affect thinking, learning, and
reasoning [29,30].

Therefore, children must acquire new knowledge. Specifically, reflective learning
mechanisms can help children create new explanations and analogies and imagine al-
ternative possibilities. As a result, these mechanisms can expand children’s conceptual
repertoire to create new ideas and solutions. Because metaphors bring new perspectives to
general knowledge, they are fundamental mechanisms for childhood learning and creating
conceptual change. Metaphors and metaphorical thinking can contribute to preschoolers’
remarkable conceptual innovation and learning abilities [29]. With the recent increase in
the number of studies on metaphors, this phenomenon is a robust mental mapping and
modelling tool used for understanding and structuring children’s worlds and was reported
to be effective. Metaphors are significant, especially in acquiring complex concepts and
terms and concretizing and visualizing abstract concepts. From this point of view, this
research aims to examine the views of preschool children studying in different regions of
Turkey on digital play through metaphors. In line with this purpose, sub-objectives are
given below.

• What are the metaphors of preschool children regarding digital play in terms of
education in different regions?

• Considering the standard features of these metaphors, under which conceptual cate-
gories are the metaphors included?

2. Materials and Methods
2.1. Research Model

In phenomenology, the researcher tries to reveal perceptions about a phenomenon.
The researcher tries to understand the participants’ world and describe their perceptions
and reactions [31].

2.2. Working Group

The study group of this research consisted of 48–66-month-old children attending
preschool education institutions in 7 regions of Turkey (Black Sea, Mediterranean, Mar-
mara, Aegean, Eastern Anatolia, Southeastern Anatolia, and Central Anatolia) in the
2022–2023 academic year—this study group was collected using the convenience sampling
method [32]. The study group of this research included a total of 421 children who were
from the Black Sea Region (n:62), Mediterranean Region (n:50), Marmara Region (n:66),
Aegean Region (n:57), Eastern Anatolia Region (n:53), Southeastern Anatolia Region (n:66)
and Central Anatolia Region (n:67).
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2.3. Data Collection Tool

The “Personal Information Form”, “Digital Game Metaphor Form”, and “Drawing
and Visualization” were used as data collection tools in the research.

• Personal Information Form. This form, developed by the researchers, contains infor-
mation about the children and their families. The children’s classroom teachers filled
out the forms.

• Digital Game Metaphor Form. The expression ‘Digital game is like . . . Because . . . ’
was used to determine children’s perceptions regarding digital games. It is a data
collection tool prepared by the researchers. Children were given an approximate
time to complete this statement and were asked to focus on only one metaphor.
This statement given by the children constitutes the data source of the research as a
“document”. The class teachers recorded the answers of the children.

• Drawing and Visualization. This technique is a powerful tool for gathering information
from children. The aim is to reveal children’s feelings and thoughts about the world
through pictures [33]. In this study, children were asked to draw pictures reflecting
the metaphor sentence to examine digital game-themed metaphors deeply.

2.4. Data Collection

To collect the research data, firstly, the cities representing the seven regions of Turkey
were determined. At least three cities and independent kindergartens or kindergartens
affiliated with the Ministry of National Education in these cities were selected from each
region. Interviews were held with the teachers of the selected institutions via telephone
and email. While determining the study group in the research, the principle of voluntarism
was taken as a basis. The teachers were informed about the purpose of the research
and the points to be considered during the application. The expression “Digital game
. . . like this. Because . . . ” was introduced for this. It was explained how the children
should complete the dotted parts in the expression. This form has been presented within
the framework of ethical rules. The study was conducted following ethical principles
(E-78187535-050.06-290724).

The children were told they should be given time to think about their metaphors. At
this stage, it was stated that the children should be given general information, that they
should mention a single concept, and that the children should explain why they thought
about this concept. Afterwards, it was explained to the children that they should be given
A4 size paper and crayons, draw a picture describing their feelings and thoughts about
their metaphor, and briefly describe the picture they drew. It was also emphasized that the
interviews should be individual with each child, as they could be affected by the discourses
and drawings of their friends. The papers containing these expressions, written by the
classroom teachers in their handwriting, are documents and constitute the primary data
source of this research. The data were transmitted to the researcher via digital media.

2.5. Analysis of Data

The data were analyzed using the content analysis method. Content analysis is one of
the qualitative methods and is used to analyze and interpret data. This analysis reduces
the data to concepts representing the research phenomenon [34]. Analyses were performed
in five stages [35] (Figure 1).

1. Coding and debugging phase. The metaphors produced by the researchers regarding
the concept of digital games were examined individually in the context of the regions,
and a tentative list was created. In this framework, forms that did not include a
metaphor or a justification did not produce any metaphors and were incompatible
with a justification sentence related to the metaphor in question were elected. Then,
the metaphor presented by each child was coded. In this context, 75 out of 496 forms
were excluded from the research scope due to the evaluation of the metaphors for the
concept of digital games. A total of 421 forms were included in the study.
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2. Sample metaphor image compilation phase. After the first stage was completed, the
raw data were reviewed again. Sample metaphors were selected from the expressions
representing each metaphor. During the selection process, attention was paid to
the metaphor’s ability to express the analogy clearly, how much it emulated the
analogy and their relationship. In addition, information about who produced the
metaphor image is given in parentheses before the metaphor expression in question.
The codes BSRC1 (Black Sea Region Child 1), MERC1 (Mediterranean Region Child 1),
MRC1 (Marmara Region Child 1), ARC1 (Aegean Region Child 1), EARC1 (Eastern
Anatolia Region Child 1), SARC1 (Southeast Anatolia Region Child 1), and CARC1
(Central Anatolia Region 1), which comprise a region and a number, refer to a child
who attends a preschool education institution in that region. For example, the code
(BSRC1) is used for the number one child in the Black Sea Region.

3. Category development phase. Each metaphor image produced by children was ana-
lyzed in terms of the subject of the metaphor and its typical features. Then, considering
the codes given to the metaphors, metaphors with similar themes were included in
the same category, and a total of 7 conceptual categories were created.

4. The stage of ensuring validity and reliability. The data in the research process are pre-
sented objectively, and the data analysis process is explained in detail. In addition
to the code/category tables, detailed descriptions are made. For this reason, direct
quotations from the children’s statements are frequently included. However, the
findings are presented quantitatively as well as qualitatively. Expert opinion was
used for reliability. Expert and researcher category pairings were compared. Miles
and Huberman’s [36] formula was used for comparisons, and the reliability was
determined as 0.93. Since it was thought to make the research results reliable, the
application was more comprehensive than just completing the metaphor. However,
data variations (triangulation) such as drawing and visualization were also used.

5. Transferring and interpreting data to a computer environment. In the last stage, all
data were transferred to the computer environment. Then, the frequency of children’s
use of metaphors was calculated, and tables suitable for the categories were created.
The data were interpreted according to the findings obtained.
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3. Results

In this section, the research results are presented in tables.
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Table 1 shows the distribution of metaphors created by children regarding “digital
games” by region.

Table 1. Distribution of metaphors produced by regions.

Regions Metaphors f %

T
he

Bl
ac

k
Se

a
R

eg
io

n

House (2), Sky (2), Lipstick, Park, Car, Animal, Flower, Space, Fish, Fun (7), Feeling Good (2),
Boring, Changing Clothes, Good Play, Bad, Dare, Surprise, Emotion, Good Thing, Funny,
Minecraft (4), Roblox (3), Tom, FIFA, Monster, Dinosaur, Flying, Alien, Internet (3), Tablet (2),
Phone (2), Robot, Television, Computer, Game (2), Educational Toy, Color, Picture, Race Car,
Parkour, Car Game, Football, Human

62 14.72

Th
e

M
ed

it
er

ra
ne

an
R

eg
io

n

Car, Balloon, Park, Dog’s Nest, Rabbit, Cat, Bear, Rainbow, Watermelon, Strawberry, Snake,
House, Truck, Eating, Jumping, Dentist, Minecraft (3), PUBG (3), Roblox, Princess, Ghost,
Hacker, Dinosaur, Computer (3), Tablet (2), Robot (2), Phone, Memory Game (4), Drawing
(2), Color (2), Card Game, Toy, Shape, Parkour, Chase, Friendship, Man

50 11.87

Th
e

M
ar

m
ar

a
R

eg
io

n

Car (4), Bus (3), Money (3), Balloon (2), Truck (2), Motor, Dog, House, Panda, Bear, Caravan,
Horse, Tower, Ball, Diamond, Garden, Sheep, Flower, Animal, Beauty, Bathing, Making
Happy, Fight, Very Good, Chocolate, Headache, Roblox (2), Mario (2), Lightning McQueen,
Barbie Doll, Freezing Crew, Telephone (3), Computer, Electromagnetic Item, Chess (2), Game,
Puzzle, Jigsaw, Card, Line, Coloring, Numbers, Parkour (2), Catch, Football, Basketball,
Fishing, Miner, Boxer, Soldier, Human

66 15.67

Th
e

A
eg

ea
n

R
eg

io
n

Car (2), House, Ferris Wheel, Bucket, Bicycle, Seat, Pillow, Dog, Spider, Red Bull, Ship,
Grandpa Moon, Lipstick, Money, Buckle, Fun (2), Driving, War, Cat Play, Eye Pain, Minecraft
(2), Roblox (2), Rabbit Game (2), Wing Game, Pop It, Angela, Snake Game, Dinosaur, Unreal,
Electric, Video, Toy (2), Game, Coloring, Puzzle, Doll Dress Up, Painting, Cat Game, Car
Game (4), Race (2), Race Car, Parkour, Ball Game, Balloon Game, Soldier, Hairdressing, Help

57 13.53

Th
e

Ea
st

er
n

A
na

to
lia

R
eg

io
n

Eating, Pizza, Cake, Car Racing, Song, Heart, Barbie Doll (5), Pop It (2), Roblox, Elsa, Toca
Boca, Dinosaur, Car (4), Airplane (3), Cake (3), Ball (2), Ice Cream, Bed, Butterfly, Key,
Bracelet, Forest, Shop, World, Box, Flower, Tablet (2), Game (2), Puzzle, Figure
Racing (3), Fighting, War, Shark, Child (2)

53 12.53

Th
e

So
ut

he
as

te
rn

A
na

to
lia

R
eg

io
n

Train (2), Ball (2), Grape, Stone, Tree, Sheep, Slide, Strawberry, Cave, Rain, Cat, Field, Eraser,
Machine, Oven, Telephone (7), Computer (4), Television (2), Technology, Tablet, Cat Game
(3), Nail game (2), Game (2), Dress Up, Mind Game, Baby Game, Rectangle, Match (2),
Racing Game, Flamingo Racing, Gold Collecting, Football, Robot War, Car Game, Horse
Racing, Motor, Fun (3), Affection, Cartoon, Papchi (3), PUBG, Tom, Minecraft, Monster

66 15.67
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Table 1. Cont.

Regions Metaphors f %

T
he

C
en

tr
al

A
na

to
lia

R
eg

io
n

Car (4), Sun (2), Bus, Rainbow, Slide, Money, Cat, Ladybug, Pen, Fridge, Fun, Heart, Jumping
Game, Mario, Roblox, Galaxy, Monster, Tablet (9), Computer (6), Telephone (5), Television
(5), Internet, Technology, Mobile Phone, Game (3), Sauce Game (2), Shape (2), Wrestling,
Tennis, Toy, Coloring, Chess, Brain Game, Race Car, Football Race, Car Game, Catch, King

67 15.91

Total 421 100

The numbers in brackets indicate how many times the metaphor is repeated.

When Table 1 is examined, it is seen that 421 metaphors were produced based on all
regions. When the metaphors produced by the children are evaluated, it is found that the
number of metaphors in each region is as follows: Central Anatolia Region, f = 67 (15.91%);
Marmara and Southeastern Anatolia regions, f = 66 (15.67%); Black Sea Region, f = 62
(14.72%); Aegean Region, f = 57 (13.53%); Eastern Anatolia Region, f = 53 (12.53%); and the
Mediterranean Region, f = 50 (11.87%).

In Table 1, the metaphors produced based on regions are given. It was suggested that
they be divided into groups. They are divided into groups according to regions. Table 1
presents the general situation.

According to the analysis results, seven “Digital Games” categories were created when
all regions were considered. A visual presentation of the seven categories of the metaphors
obtained is presented in Figure 2.
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Rectangle, Match (2), Racing Game, Flamingo Racing, Gold Collecting, Football, Robot 
War, Car Game, Horse Racing, Motor, Fun (3), Affection, Cartoon, Papchi (3), PUBG, 
Tom, Minecraft, Monster 
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Car (4), Sun (2), Bus, Rainbow, Slide, Money, Cat, Ladybug, Pen, Fridge, Fun, Heart, 
Jumping Game, Mario, Roblox, Galaxy, Monster, Tablet (9), Computer (6), Telephone 
(5), Television (5), Internet, Technology, Mobile Phone, Game (3), Sauce Game (2), 
Shape (2), Wrestling, Tennis, Toy, Coloring, Chess, Brain Game, Race Car, Football 
Race, Car Game, Catch, King 

67 15.91 

 Total 421 100 
The numbers in brackets indicate how many times the metaphor is repeated. 

When Table 1 is examined, it is seen that 421 metaphors were produced based on all 
regions. When the metaphors produced by the children are evaluated, it is found that the 
number of metaphors in each region is as follows: Central Anatolia Region, f = 67 (15.91%); 
Marmara and Southeastern Anatolia regions, f = 66 (15.67%); Black Sea Region, f = 62 
(14.72%); Aegean Region, f = 57 (13.53%); Eastern Anatolia Region, f = 53 (12.53%); and the 
Mediterranean Region, f = 50 (11.87%). 

In Table 1, the metaphors produced based on regions are given. It was suggested that 
they be divided into groups. They are divided into groups according to regions. Table 1 
presents the general situation.  

According to the analysis results, seven “Digital Games” categories were created 
when all regions were considered. A visual presentation of the seven categories of the 
metaphors obtained is presented in Figure 2. 
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16.62% (f = 70) are technology images, 15.43% (f = 65) are fantastic/supernatural images, 
14.48% (f = 61) are educational images, 11.40% (f = 48) are affective/motivational images, 
9.97% (f = 42) are struggle images, and 3.32% (f = 14) seem to be related to value images. 

The responses for each category were evaluated based on regions and are presented 
below. 

When Table 2 is examined, it is seen that 43 different metaphors related to digital 
games were produced in the Black Sea Region, and the metaphors produced are grouped 

Figure 2. Categories created for digital games related to all regions.

When Figure 2 is examined, it can be seen that 28.34% (f = 121) of the answers given
by children in the regions included in the study are nature (vehicle/animal/object) images,
16.62% (f = 70) are technology images, 15.43% (f = 65) are fantastic/supernatural images,
14.48% (f = 61) are educational images, 11.40% (f = 48) are affective/motivational images,
9.97% (f = 42) are struggle images, and 3.32% (f = 14) seem to be related to value images.

The responses for each category were evaluated based on regions and are presented below.
When Table 2 is examined, it is seen that 43 different metaphors related to digital

games were produced in the Black Sea Region, and the metaphors produced are grouped
under seven different categories according to their similarity. Among these, the Affec-
tive/Motivational Images category (f = 18 (29.03%)) is the area where the most intense
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metaphors were produced. In comparison, the Value Images category (f = 1 (1.61%)) is
where the least number of metaphors were produced. The children’s expressions for the
relevant categories and examples of pictures (Figure 3) are given below.

Table 2. Metaphoric perception categories of children attending preschool education institutions in
the Black Sea Region regarding “Digital Games”.

Categories Metaphors No. of Metaphors f %

1. Affective/Motivational Images
Fun (7), Feeling Good (2), Boring, Changing
Clothes, Good Play, Bad, Dare, Surprise,
Emotion, Something Good, Funny

11 18 29.03

2. Fantasy/Supernatural Images Minecraft (4), Roblox (3), Tom, FIFA,
Monster, Dinosaur, Flying, Alien 8 13 20.96

3. Nature (Veh./Anim./Obj.) Images Home (2), Sky (2), Lipstick, Park, Car,
Animal, Flower, Space, Fish 9 11 17.74

4. Technology Images Internet (3), Tablet (2), Phone (2), Robot,
Television, Computer 6 10 16.12

5. Education Images Game (2), Educational Toy, Color, Picture 4 5 8.06

6. Struggle Images Race Car, Track, Car Game, Football 4 4 6.45

7. Value Images Human 1 1 1.61

Total 43 62 100

The numbers in brackets indicate how many times the metaphor is repeated.
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Figure 3. Examples of children’s drawings.

Category 1. “Affective/Motivational Images”
BSRC20—“Digital game is like courage. Because if someone attacks me, I have the feeling of
protecting myself. Moreover, I think I can make armour to protect myself when I grow up.”
Category 2. “Fantasy/Supernatural Images”
BSRC4—“Digital game is like a monster. Because monsters have extraordinary powers, they
can do anything with these powers. You can do anything in digital games. You can even create
new monsters.”
Category 3. “Nature (Veh./Anim./Obj.) Images”
BSRC17—“Digital game is like flowers. Because, like flowers, it is colourful. It has as many games
as you want in it.”
Category 4. “Technology Images”
BSRC12—“Digital game is like a computer. Because, like him, he is swift, and we can do whatever
we want.”
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Category 5. “Education Images”
BSRC6—“Digital games are like a painting. Because I carry paints and I take beautiful pictures.
Whatever colour shows the paint, I take that colour and paint it.”
Category 6. “Struggle Images”
BSRC34—“Digital game is like parkour. Because there are obstacles on the track, there are also
obstacles in the digital game. Then you win the game by going through the obstacles, but if you
are fast.”
Category 7. “Value Images”
BSRC56—“Digital game is like a human. Because people help each other, the game also helps me
and teaches me everything. I also like to help.”

In Table 3, the answers given by the children in the Mediterranean Region regard-
ing digital games are given. It is seen that the children produced 37 different metaphors, and
these metaphors are separated into seven different categories. The Nature (Veh./Anim./Obj.)
Images category (f = 13 (26.00%)) is the area where the most intense metaphors were pro-
duced. In comparison, the Value and Struggle Images categories (f = 2 (4.00%)) are the
areas where minor metaphors were produced. The children’s expressions for the relevant
categories and examples of pictures (Figure 4) are given below.

Table 3. Metaphoric perception categories of children attending preschool education institutions in
the Mediterranean Region regarding “Digital Games”.

Categories Metaphors No. of Metaphors f %

1. Affective/Motivational Images Eating, Jumping, Dentist 3 3 6.00

2. Fantasy/Supernatural Images Minecraft (3), PUBG (3), Roblox, Princess,
Ghost, Hacker, Dinosaur 7 11 22.00

3. Nature (Veh./Anim./Obj.) Images
Car, Balloon, Park, Dog Nest, Rabbit, Cat,
Bear, Rainbow, Watermelon, Strawberry,
Snake, House, Truck

13 13 26.00

4. Technology Images Computer (3), Tablet (2), Robot (2), Phone 4 8 16.00

5. Education Images Memory Game (4), Drawing (2), Color (2),
Card Game, Toy, Shape 6 11 22.00

6. Struggle Images Parkour, Chase 2 2 4.00

7. Value Images Friendship, Man 2 2 4.00

Total 37 50 100

The numbers in brackets indicate how many times the metaphor is repeated.
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Figure 4. Examples of children’s drawings.

Category 1. “Affective/Motivational Images”
MERC22—“Digital games are like eating food. Because I am happy when I play, just as I am happy
when I eat.”
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Category 2. “Fantasy/Supernatural Images”
MERC6—“Digital game is like a princess. Because princesses are omnipotent, they can fly and
become invisible at any moment. Furthermore, I am the princess of the game.”
Category 3. “Nature (Veh./Anim./Obj.) Images”
MERC1—“Digital games are like a park. Because there are too many toys in the park for us to play
with, I can ride any toy I want when my mom takes me there. There are also many games when
playing games on the phone. I can play however I want.”
Category 4. “Technology Images”
MERC12—“Digital game is like a robot. Because when you set the robots, you can get everything
done. I can also adjust my game while playing the game. For example, I can choose the car and
person I want.”
Category 5. “Education Images”
MERC48—“Digital game is like a memory game. Because I am playing a game of finding fruits, you
must find the same one when the strawberry picture appears. When found, another fruit emerges.
When you find all the fruits, you move to another level.”
Category 6. “Struggle Images”
MERC37—“Digital game is like a chase. They are trying to catch me because I am running in the
game. If I do not get caught, I win the game. Of course, I have strategies for that.”
Category 7. “Value Images”
MERC56—“Digital game is like a friend. Because he is always playing games with us, I think it
helps us to make us happy.”

When Table 4 is examined, it is seen that 51 different metaphors were produced by
the children in the Marmara Region regarding digital games. The metaphors are grouped
into seven different categories according to their similarities. Among these, the Nature
(Vehicle/Animal/Object) Images category (f = 28 (42.42%)) is the field where metaphors
were produced the most. In comparison, the Value Images category (f = 4 (6.06%)) is where
metaphors were produced the least. The children’s expressions for the relevant categories
and examples of pictures (Figure 5) are given below.

Table 4. Metaphoric perception categories of children attending preschool education institutions in
Marmara Region regarding “Digital Games”.

Categories Metaphors No. of Metaphors f %

1. Affective/Motivational Images Beauty, Bathing, Making You Happy,
Fighting, Adorable, Chocolate, Headache 7 7 10.60

2. Fantasy/Supernatural Images Roblox (2), Mario (2), Lightning McQueen,
Barbie Doll, Rafadan Tayfa 5 7 10.60

3. Nature (Veh./Anim./Obj.) Images

Car (4), Bus (3), Money (3), Truck (2),
Balloon (2), Dog, House, Panda, Bear,
Caravan, Horse, Motor, Tower, Ball,
Diamond, Garden, Animal, Sheep, Flower

19 28 42.42

4. Technology Images Telephone (3), Computer, Electromagnetic
Equipment 3 5 7.57

5. Education Images Chess (2), Games, Puzzles, Jigsaw, Card,
Line, Coloring, Numbers 8 9 13.63

6. Struggle Images Track (2), Catch, Football, Basketball,
Fishing 5 6 9.09

7. Value Images Miner, Boxer, Soldier, Human 4 4 6.06

Total 51 66 100

The numbers in brackets indicate how many times the metaphor is repeated.
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Category 1. “Affective/Motivational Images”
MRC6—“Digital games are like making children happy. Because when a child goes to a house
as a guest, the owner does not give toys to the child; the child plays with his mother’s phone and
is happy.”
Category 2. “Fantasy/Supernatural Images”
MRC47—“Digital gaming is like Lightning McQueen. Because cars talk and fly, I wish my cars
could talk too.”
Category 3. “Nature (Veh./Anim./Obj.) Images”
MRC33—“Digital gaming is like a tower. Because towers are very tall, and too many people are in
them. Digital games are also very long. Moreover, there are many games in it.”
Category 4. “Technology Images”
MRC29—“Digital game is like an electromagnetic object. Because there are hoses connected inside,
they make us play nice games. Nevertheless, we cannot see them.”
Category 5. “Education Images”
MRC44—“Digital game is like chess. Because while playing chess, I always think and place the
pieces in the right place. I cannot move forward if I do not put the animals in their nests in the
digital game.”
Category 6. “Struggle Images”
MRC29—“Digital gaming is like fishing. Because the one who catches the fish wins, there is also
winning in digital games.”
Category 7. “Value Images”
MRC60—“Digital game is like a miner. Because miners are always helping others, and they are
your friends.”

When Table 5 is examined, it is seen that 47 different metaphors related to digital
games were produced in the Aegean Region, and they are grouped under seven different
categories according to their similarity. Among these, the Nature (Vehicle/Animal/Object)
Images category (f = 16 (28.07%)) is the area where the most intense metaphors were
produced. In comparison, the Technology Images category (f = 2 (3.50%)) is where the most
minor metaphors were produced. The children’s expressions for the relevant categories
and examples of pictures (Figure 6) are given below.
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Table 5. Metaphoric perception categories of children attending preschool education institutions in
the Aegean Region regarding “Digital Games”.

Categories Metaphors No. of Metaphors f %

1. Affective/Motivational Images Fun (2), Driving, War, Cat Play, Eye Pain 5 6 10.52

2. Fantasy/Supernatural Images
Minecraft (2), Roblox (2), Rabbit Game (2),
Wing Game, Pop It, Angela, Snake Game,
Dinosaur, Unreal

9 12 21.05

3. Nature (Veh./Anim./Obj.) Images

Car (2), House, Ferris Wheel, Bicycle,
Bucket, Seat, Pillow, Dog, Spider, Red Bull,
Ship, Grandpa Moon, Lipstick, Buckle,
Money

15 16 28.07

4. Technology Images Electricity, Video 2 2 3.50

5. Education Images Toy (2), Game, Coloring, Puzzle, Doll Dress
Up, Picture, Cat Game 7 8 14.03

6. Struggle Images Car Game (4), Race (2), Race Car, Parkour,
Ball Game, Balloon Game 6 10 17.54

7. Value Images Soldier, Hairdressing, Helping 3 3 5.26

Total 47 57 100

The numbers in brackets indicate how many times the metaphor is repeated.
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Figure 6. Examples of children’s drawings.

Category 1. “Affective/Motivational Images”
ARC25—“Digital gaming is like eye pain. Because if I play games for a long time, my eyes hurt.
My mother is also angry with me. It hurts your eyes, and you will be wearing glasses soon.”
Category 2. “Fantasy/Supernatural Images”
ARC50—“Digital game is like Wing game. Because they wear orange, it has blue and white stripes.
Planes are fighting each other. They have extraordinary powers.”
Category 3. “Nature (Veh./Anim./Obj.) Images”
ARC13—“Digital game is like a car. Because the car runs on gasoline, it works with a charge on the
tablet we play games on. That is why I liken it to a car.”
Category 4. “Technology Images”
ARC41—“Digital gaming is like electricity. Because there are robots and robots are powered by
electricity. Electricity goes into them, and the robots can move.”
Category 5. “Education Images”
ARC54—“Digital game is like a toy. Because we are playing games with both of them, my toys
teach me a lot, too, and the games I play on the tablet.”
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Category 6. “Struggle Images”
ARC9—“Digital game is like a ball game. Because you are throwing it, you are trying to get it up
and down the hole. The winner gets a prize.”
Category 7. “Value Images”
ARC38—“Digital games are like helping; for instance, I learned numbers thanks to the game.
Even the colours. It helps me by teaching me so many good things. Everyone asks me how do you
know this.”

Table 6 shows that the children in the Eastern Anatolia Region produced 35 different
metaphors about digital play, and these metaphors are grouped under seven categories.
Among these, the Nature (Vehicle/Animal/Object) Images category (f = 22 (41.50%)) has
the most intense metaphors, while the Technology and Value Images categories (f = 2
(3.77%)) have the most minor metaphors produced. The children’s expressions for the
relevant categories and examples of pictures (Figure 7) are given below.

Table 6. Metaphoric perception categories of children attending preschool education institutions in
Eastern Anatolia Region regarding “Digital Games”.

Categories Metaphors No. of Metaphors f %

1. Affective/Motivational
Images Eating, Pizza, Cake, Racing Car, Song, Heart 6 6 11.32

2. Fantasy/Supernatural Images Barbie Doll (5), Pop It (2), Roblox, Elsa, Toca
Boca, Dinosaur 6 11 20.75

3. Nature (Veh./Anim./Obj.) Images
Car (4), Airplane (3), Cake (3), Ball (2), Ice
Cream, Bed, Butterfly, Key, Bracelet, Forest,
Shop, World, Box, Flower

14 22 41.50

4. Technology Images Tablet (2) 1 2 3.77

5. Education Images Game (2), Puzzle, Number 3 4 7.54

6. Struggle Images Racing (3), Fighting, War, Shark 4 6 11.32

7. Value Images Child (2) 1 2 3.77

Total 35 53 100

The numbers in brackets indicate how many times the metaphor is repeated.
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Table 7. Metaphoric perception categories of children attending preschool education institutions in 
Southeastern Anatolia Region regarding “Digital Games”. 

Categories Metaphors 
No. of Met-

aphors f % 

1. Affective/Motivational 
Images Fun (3), Love, Cartoon 3 5 7.57 

2. Fantasy/Supernatural Images Papchi (3), PUBG, Tom, Minecraft, Monster 5 7 10.60 

3. Nature (Veh./Anim./Obj.) Im-
ages 

Ball (2), Train (2), Grape, Stone, Tree, Sheep, Slide,
Strawberry, Cave, Rain, Cat, Field, Eraser, Machine,
Oven 

15 17 25.75 

4. Technology Images 
Phone (7), Computer (4), Television (2), Technology, 
Tablet 5 15 22.72 

5. Education Images 
Cat Game (3), Nail Game (2), Game (2), Dress Up, 
Mind Game, Baby Game, Rectangle 7 11 16.66 

6. Struggle Images 
Match (2), Racing Game, Flamingo Racing, Gold Col-
lecting, Football, Robot Battle, Car Game, Horse Rac-
ing, Motorbike 

9 10 15.15 

7. Value Images Spider-Man 1 1 1.51 
 Total 45 66 100 

Figure 7. Examples of children’s drawings.

Category 1. “Affective/Motivational Images”
EARC15—“Digital games are like eating food. Because it is both fun and beautiful.”
Category 2. “Fantasy/Supernatural Images”
EARC45—“Digital game is like a Barbie doll. Because she is talking to me, and I am talking to her.
I make her eat, drink and sleep like my sister. Moreover, sometimes, she shows me magical powers.”
Category 3. “Nature (Veh./Anim./Obj.) Images”
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EARC3—“Digital game is like a shop. Because there are many surprise games for kids in it.”
Category 4. “Technology Images”
EARC19—“Digital game is like a tablet. I can play games with a tablet because there are so many
games on it. Nevertheless, I cannot play all the time.”
Category 5. “Education Images”
EARC41—“Digital game is like numbers. Because we can play forever, the numbers are endless. I
am counting, but it never ends.”
Category 6. “Struggle Images”
EARC28—“Digital game is like an adventure. Because there are obstacles, I get gifts as I surpass them.”
Category 7. “Value Images”
EARC33—“Digital game is like a child. Because children help everyone, digital games also help us.
It entertains us when we are bored.”

In Table 7, it is seen that 45 different metaphors related to digital games were pro-
duced in the Southeastern Anatolia Region, and they are grouped under seven different
categories according to their similarity. Among these, the Nature (Vehicle/Animal/Object)
Images category (f = 17 (25.75%)) is the area where metaphors were produced the most. In
comparison, the Value Images category f = 1 (1.51%) is where the most minor metaphors
were produced. The children’s expressions for the relevant categories and examples of
pictures (Figure 8) are given below.

Table 7. Metaphoric perception categories of children attending preschool education institutions in
Southeastern Anatolia Region regarding “Digital Games”.

Categories Metaphors No. of Metaphors f %

1. Affective/Motivational
Images Fun (3), Love, Cartoon 3 5 7.57

2. Fantasy/Supernatural Images Papchi (3), PUBG, Tom, Minecraft, Monster 5 7 10.60

3. Nature (Veh./Anim./Obj.) Images
Ball (2), Train (2), Grape, Stone, Tree, Sheep,
Slide, Strawberry, Cave, Rain, Cat, Field,
Eraser, Machine, Oven

15 17 25.75

4. Technology Images Phone (7), Computer (4), Television (2),
Technology, Tablet 5 15 22.72

5. Education Images
Cat Game (3), Nail Game (2), Game (2),
Dress Up, Mind Game, Baby Game,
Rectangle

7 11 16.66

6. Struggle Images
Match (2), Racing Game, Flamingo Racing,
Gold Collecting, Football, Robot Battle, Car
Game, Horse Racing, Motorbike

9 10 15.15

7. Value Images Spider-Man 1 1 1.51

Total 45 66 100

The numbers in brackets indicate how many times the metaphor is repeated.

Category 1. “Affective/Motivational Images”
SARC7—“Digital gaming is like love. Because if we love someone, we always want to see them. I
always want to play on a tablet too. Because I have much love.”
Category 2. “Fantasy/Supernatural Images”
SARC40—“Digital gaming is like a beast. Because we do not know what happened, we do not know
about monsters either. What do I do with it if it comes off my tablet while playing? I do not know.”
Category 3. “Nature (Veh./Anim./Obj.) Images”
SARC13—“Digital game is like an eraser. Because it can be easily cleaned.”
Category 4. “Technology Images”
SARC22—“Digital gaming is like a phone. Because it is speedy and has a lot of stuff, you can find
friends while playing games. You can also talk to your friends on the phone.”
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Category 5. “Education Images”
SARC41—“Digital game is like nail game. Because you paint the nails how you want according to
their colour, we apply nail polish on the same nail; it becomes like that.”
Category 6. “Struggle Images”
SARC33—“Digital game is like a flamingo. Because we are always trying to win, we overcome
obstacles. You have to be fast, of course.”
Category 8. “Value Images”
SARC16—“Digital game is like Spider-Man. Because spider-men can go anywhere with their webs,
he helps everyone. I think games help us too. It teaches a lot.”
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When Table 8 is examined, it is seen that children in Central Anatolia produced 38
different metaphors for their digital game. These metaphors are grouped under seven
categories based on their similar characteristics. Among these, metaphors were produced
the most in the Technology Images category (f = 28 (41.79%)). In comparison, the Value
Images category (f = 1 (1.49%)) is where the most minor metaphors were produced. The
children’s expressions for the relevant categories and examples of pictures (Figure 9) are
given below.

Table 8. Metaphoric perception categories of children attending preschool education institutions in
Central Anatolia Region regarding “Digital Games”.

Categories Metaphors No. of Metaphors f %

1. Affective/Motivational Images Fun, Heart, Jumping Game 3 3 4.47

2. Fantasy/Supernatural Images Mario, Roblox, Galaxy, Monster 4 4 5.97

3. Nature (Veh./Anim./Obj.) Images Car (4), Sun (2), Bus, Rainbow, Slide, Money,
Cat, Ladybug, Refrigerator, Pen 10 14 20.89

4. Technology Images
Tablet (9), Computer (6), Phone (5),
Television (5), Internet, Technology, Cell
Phone

7 28 41.79

5. Education Images
Game (3), Sauce Game (2), Shape (2),
Wrestling, Tennis, Toy, Coloring, Chess,
Intelligence Game

9 13 19.40

6. Struggle Images Race Car, Football Racing, Car Game, Catch 4 4 5.97

7. Value Images King 1 1 1.49

Total 38 67 100

The numbers in brackets indicate how many times the metaphor is repeated.
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Category 1. “Affective/Motivational Images”
CARC11—“Digital game is like a heart. Because I love heart shape so much, I love the games too.
Who does not love to have fun.”
Category 2. “Fantasy/Supernatural Images”
CARC39—“Digital game is like a galaxy. Because you are going to galaxies, they are very mysterious
places. You do not know what will happen. I think they send me nice things.”
Category 3. “Nature (Veh./Anim./Obj.) Images”
CARC23—“Digital game is like a rainbow. Because the rainbow is colourful. A variety of games.
All are very beautiful. Moreover, I always want to play with them, but my mother will not let me.”
Category 4. “Technology Images”
CARC64—“Digital game is like a computer. Because there are many games on computers, I find
everything I am looking for.”
Category 5. “Education Images”
CARC51—“Digital game is like intelligence game. Because games develop our brains, I always play
games like this. My mom will not let me play any other games.”
Category 6. “Struggle Images”
CARC34—“Digital game is like a football match. Because they always compete in matches. I also
compete with my friends. Sometimes I win; sometimes they win.”
Category 7. “Value Images”
CARC7—“Digital gaming is like a king. Because kings punish people, when we make mistakes in
games, we cannot progress. The bad guys are catching us.”

4. Discussion

The results obtained from the children’s pictures and discourses are handled and
discussed in the framework of each category.

Among these categories, “Nature (Vehicle/Animal/Object) Images” is seen as the
category in which the most metaphors were produced from all regions (f = 121, 28.34%). The
Marmara Region (6.65%) ranks first in this category, followed by Eastern Anatolia (5.22%),
Southeastern Anatolia (4.03%), Aegean (3.80%), Central Anatolia (3.32%), Mediterranean
(3.08%), and Black Sea (2.61%) regions. In this context, it is remarkable that the children
expressed digital games primarily using analogies with nature images. In support of
these results, Hazar et al. [37] stated in their study that children try to explain digital
games by using nature images. As the related literature states, nature is an unknown
and abstract image for children. Many objects found in nature are intertwined with
the game. Nature is children’s most crucial educational channel [38]. Children’s direct
experiences with nature are compelling in their development and learning. At this point,
qualified early childhood education programs should aim at their holistic development
by ensuring children have these opportunities. The importance of children’s experiences
with nature constitutes a solid basis for establishing sustainable relations between humans
and nature [39]. Since children interact with natural elements in their daily lives, it is an
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expected developmental feature that children include metaphors for nature images in their
analogies about digital games.

Secondly, the metaphors produced by children regarding digital games in all regions
were collected in the category of “Technology Images” (f = 70, 16.62%). The Central Anatolia
Region (6.65%) ranks first in this category. The Southeastern Anatolia (3.56%), Black Sea
(2.37%), Mediterranean (1.90%), Marmara (1.18%), Aegean, and Eastern Anatolia regions
(0.47%) follow, respectively. In support of this category, Hazar, Tekkurşun Demir and
Dalkıran [37] stated in their study that children try to explain digital games by using
technology images. In the related literature, a digital game is generally defined as a game
that uses technology [40]. Bers [41] sees technological resources as playgrounds. It is stated
that the number and variety of digital games that children aged 3–6 years can play using
many technological resources (such as tablets, electronic toys, and learning systems) in
these playgrounds are increasing gradually [11]. Australian parents report that a third of
preschool children have access to a tablet or smartphone [4]. According to a Common Sense
Media [25] report, while 61% of children aged 0–8 years use a computer, almost all (91%)
children aged 5–8 years use a computer (Common Sense Media, 2013, as cited in [42]). Since
the game tools used in digital games are computer-based (tablet, phone, game console, etc.)
game tools [37], it can be considered a natural result that children associate digital games
with technological images.

Thirdly, the metaphors produced by children regarding digital games in all regions
were collected in the category of “Fantasy/Supernatural Images” (f = 65, 15.43%). The Black
Sea Region (3.08%) ranks first in this category, followed by the Aegean Region (2.85%), the
Mediterranean and Eastern Anatolia regions (2.61%), the Southeast Anatolia and Marmara
regions (1.66%), and finally, the Central Anatolia Region (0.95%). The related literature
states that digital games, which develop rapidly with the development of technology, attract
children’s attention with their attractive, fantastic, and rich content [43]. Children have
difficulty grasping the boundaries between fiction and reality. Nevertheless, game scenarios
need to be more realistic regarding their content. Some game heroes have superpowers,
while others contain magic and supernatural creatures. Often children take on the role of
superheroes or invoke this mythical mood by settling in a fantasy space whose action is
characterized by supernatural figures [44,45]. Children forget that they are small and weak
for a while when they are playing games. By magically thinking of people and objects, they
can recreate the world as they please [46]. In this respect, children’s use of expressions
related to fantasy/supernatural images in their metaphors for digital games is consistent
with the relevant literature.

Fourthly, the metaphors produced by children regarding digital games in all regions
were collected in the category of “Education Images” (f = 61, 14.48%). In this category,
Central Anatolia (3.08%) ranks first, followed by Mediterranean and Southeastern Anatolia
(2.61%), Marmara (2.13%), Aegean (1.90%), and Eastern Anatolia (0.95%). In support of
these results, Hazar, Tekkurşun Demir and Dalkıran [37] stated in their study that children
try to explain digital games by using educational images. In addition, it is noteworthy that
in the relevant literature, digital games are seen as the main activity of children’s imaginary
and cognitive development, and digital games are not a low-level game mode [3]. A study
conducted with children aged 8–10 years argued that digital games could be considered
qualified educational tools that develop creative thinking skills [9]. Digital games offer
children many learning opportunities and also enable children to participate actively in
the learning process [47]. It supports the development of memory, attention, imagination,
and manual skills in children and ensures that they are disciplined [48]. Interaction, control
over action, feedback, external rewards or punishments, and identification with character(s)
during play support children’s interpersonal and internal learning and development [9].
Matching games with age, abilities and skills means they are used educationally [49].
Longitudinal research shows that using games as an educational tool increases learning
and productivity [50,51]. From this point of view, it is a natural result that interactive and
visually stimulating digital games are likened to educational images by children.
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Fifth, the metaphors produced by children regarding digital games in all regions were
collected in the category of “Affective/Motivational Images” (f = 48, 11.40%). The Black Sea
Region (4.27%) ranks first in this category. It is followed by the Marmara Region (1.66%),
the Aegean and Eastern Anatolia regions (1.42%), the Southeast Region (1.18%), and finally,
the Central Anatolia and Mediterranean regions (0.71%). In support of these results, Hazar,
Tekkurşun Demir and Dalkıran [37] stated in their study that children evaluate digital
games through motivational images. When the relevant literature is examined, touch
screen technologies have come to the forefront strongly as a way to engage and entertain
children simultaneously [40]. In a broader framework, digital games combine education
with entertainment and stimulate learning motivation [52]. Many emotional reactions,
such as happiness, joy, fear, anxiety, pain, hatred, and independence, are gained through
play. In a well-designed game, children learn because they need to play it, and motivation
is built into it [20]. This provides interactive experiences that support children’s skill
development and learning [9]. These experiences include sensory stimuli that trigger
children’s motivation to focus on the goal and increase their familiarity with thematic
concepts. In other words, digital games offer alternative ways of motivating children to
understand complex topics better [53]. In this context, the relevant literature and research
results are consistent with the current research findings. Children can evaluate digital
games through affective/motivational images when these processes are reviewed.

Sixth, the metaphors produced by children regarding digital games in all regions were
collected in the “Struggle Images” category (f = 42, 9.97%). The Southeastern Anatolia
Region (2.85%) ranks first in this category. The Aegean (2.37%), Marmara, and Eastern
Anatolia regions (1.42%), Black Sea and Central Anatolia regions (0.95%), and finally,
the Mediterranean Region (0.7%) follow, respectively. In support of these results, Hazar,
Tekkurşun Demir and Dalkıran [37] stated that children evaluate digital games through
images of struggle. In the related literature, the struggle feature of digital games is em-
phasized. This emphasis is explained by expressing digital games as rule-based systems
that involve the player’s struggle to reach a goal [9,11]. In addition, games are based
on challenge and curiosity [54]. Additionally, it is stated that one of the seven intrinsic
motivation features to guide the processes in game design is a struggle [20]. According
to Prensky (2001), it was stated that games have 12 elements that occupy the players, and
these include winning situations and challenges (competition, conflict, etc.) (Prensky, 2001,
as cited in [55]). As stated in the literature, the fact that there are elements such as struggle
or competition among the features of digital games may have caused children to notice
these features and to make similarities in this direction.

Seventh, the metaphors produced by children regarding digital games in all regions
were collected in the “Value Images” category (f = 14, 3.32%). In this category, the Marmara
Region (0.95%) ranks first. Next comes the Aegean Region (0.71%), then the Mediterranean
and Eastern Anatolia regions (0.47%), and finally, the Central Anatolia, Southeastern
Anatolia, and the Black Sea regions (0.23%). In support of these results, Hazar, Tekkurşun
Demir and Dalkıran [37] stated that children evaluate digital games through value images
in their study. In the literature, value is expressed as the thoughts, feelings, behaviours, and
rules adopted or accepted in society. Children begin to assimilate values early in their lives.
Values manifest themselves in playtime, an essential activity for the child [56]. Developing
values and teaching behaviour is better achieved through digital games. Games can be used
as an opportunity for children to gain and feel some values earlier [57]. Therefore, game-
based learning models can be used and developed to guide the design and development
of value-based digital games [56]. In light of this information, the analogies made by
the children regarding digital games in the present study may indicate that they have a
perception of value. In addition, the children’s association of value images with daily life
may show that they perceive play as a part of real life.
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5. Conclusions

Today’s children have a more comprehensive range of modern digital technologies,
such as tablets and smartphones, than previous generations [1]. Digital technology has
changed the platforms children can access to play and interact with materials. Digital
technology must guide children to engage with information, navigate ideas, and represent
their thoughts [4]. The advent of the digital age is changing the available game resources
and improving different game genres. Among these game types, the digital game is
accepted as a new game category [3]. Digital games are tools that have meaning and
interest for children and are designed to fit their talents and desire to play and explore.
In this way, children can develop critical thinking and creativity, develop representations,
identify connections through actions, solve problems, gain cognitive skills, and, ultimately,
construct knowledge [9]. In this respect, digital games have become an essential part of
contemporary culture, and at the same time, children’s games with technologies have
turned into a controversial activity. Therefore, digital games have become a new topic of
educational research [3].

Contemporary children benefit from various digital advances, including a new form of
play called “digital play”. Following the digital culture of children worldwide, numerous
reports were conducted in different countries focusing on children’s use of digital media.
Most of these studies focus on children’s use, participation, attitude, understanding, and
interaction with digital technology [2]. International studies show that children use digital
technology daily. Australian parents report that a third of preschool children have access to
a tablet or smartphone and spend up to 26 h using that device per week [4].

For this reason, digital gaming is accepted as a form of gaming. Unlike traditional play
activities, digital play was defined as a context in which children use digital technologies [8].
Recently, a growing interest has been in investigating the link between digital games and
children. Therefore, more research is needed in this direction. However, gaining young
children’s perspectives is difficult, so more research should focus on digital games and
young children. From this point of view, this research aims to use metaphors to examine
the views of preschool children studying in different regions of Turkey on digital play.

Based on the study’s purpose, 421 metaphors were obtained in this study. These metaphors
produced by children were collected in the following seven categories for all regions: “Na-
ture (Vehicle/Animal/Object) Images, Technology Images, Fantasy/Supernatural Images,
Education Images, Affective/Motivational Images, Struggle Images, and Value Images”.

It was determined that children developed metaphors in the category of “Nature
Images” the most and “Value Images” the least. When evaluated based on regions, the Black
Sea Region ranked first in the “Fantasy/Supernatural Images and Affective/Motivational
Images” categories. In contrast, the Central Anatolia Region ranked first in the “Technology
Images and Education Images” categories, and the Marmara Region ranked first in the
“Nature Images and Value Images” categories. In addition, it was determined that the
Southeast Anatolia Region ranked first in the “Struggle Images” category.

In line with the research results, it was seen that preschool children convey their
feelings and thoughts about digital games through different metaphors. Thanks to the
metaphors produced, meaningful information about how the children conceptualized the
learned information was obtained. In short, it was seen that children used metaphors to
express digital games from different perspectives. In light of all this information, asking
children to directly produce metaphors about digital play and questioning the reason for
this is considered the best way to evaluate them. The answers given by the children in this
process show that they could produce detailed descriptions of digital games. Therefore,
this study contributes to a more holistic understanding of how children make meanings
out of digital games. As a result, it was determined that the students expressed digital
games from different perspectives through metaphors.
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6. Recommendations

In similar studies, using perceptions, interviews, and observation techniques related to
digital games can be essential in obtaining more in-depth and comprehensive data about the
subject. From another point of view, the data collected were obtained from children in the
same age group. Comparisons can be made by collecting data from different grade levels.
Findings containing multi-dimensional explanations for digital games can be reached by
working with the parents of children attending preschool education institutions in different
regions. Scientific research can be conducted to reveal the content of the games played by
children and their contribution to education.

7. Limitations

Due to the nature of qualitative research, the inability to make generalizations is a
limitation. In addition, this research is limited to the data collected from classroom teachers
and the use of digital tools to send these data.
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Abstract: Despite access to reliable information being essential for equal opportunities in our society,
current school curricula only include some notions about media literacy in a limited context. Thus,
it is necessary to create scenarios for reflection on and a well-founded analysis of misinformation.
Video games may be an effective approach to foster these skills and can seamlessly integrate learning
content into their design, enabling achieving multiple learning outcomes and building competencies
that can transfer to real-life situations. We analyzed 24 video games about media literacy by studying
their content, design, and characteristics that may affect their implementation in learning settings.
Even though not all learning outcomes considered were equally addressed, the results show that
media literacy video games currently on the market could be used as effective tools to achieve
critical learning goals and may allow users to understand, practice, and implement skills to fight
misinformation, regardless of their complexity in terms of game mechanics. However, we detected
that certain characteristics of video games may affect their implementation in learning environments,
such as their availability, estimated playing time, approach, or whether they include real or fictional
worlds, variables that should be further considered by both developers and educators.

Keywords: fake news; media literacy; video games; media literacy skills

1. Introduction

Access to credible information is crucial for achieving equal opportunities in our
society. The proliferation of fake news in media and on social media has been the subject of
concern in recent years [1,2]. Such news represents false information presented as truth,
disseminated through the media, particularly online, with the intention to deceive and
manipulate the public opinion [3,4]. Sunstein [5] states that the proliferation of information
on social media has impacted our ability to access a wide range of political perspectives and
argues that some political actors take advantage of this dynamic to influence our behaviors.
As the volume of information available online continues to grow, and with our ease of
access to information through the Internet [6], our ability to distinguish between truthful
and false information becomes increasingly important [7,8].

The origin of fake news can be traced back to antiquity, with the Romans already
disseminating false information to manipulate the population [9]. Today, its impact is
even more drastic. Fake news has become a political tool used to win elections, influence
public opinion, and generate disinformation [10,11]. Moreover, the impact of such news
on society can be highly negative when dealing with health, politics, or security issues.
According to Bin Naeem and Bhatti [12], the spread of fake news about COVID-19 has led
to a decline in the adoption of preventive measures and has increased confusion and fear
among the population, possibly resulting in a greater spread of the virus and an increase in
cases. Similarly, fake news may influence political decision-making [8,13], with significant
implications for social stability [14]. Addressing these issues requires promoting media
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literacy and critical thinking among the population [15,16] to help identify fake news or
other types of misinformation [17].

Teachers have traditionally instructed students on journalism concepts, news-writing,
and the differences between news genres [18]. School curriculums typically include some
notions about news, but within a limited context, and most documented classroom inter-
ventions are the consequence of a personal commitment by teachers [1]. However, it is
insufficient to seek formulas for incorporating media literacy into a curriculum already
laden with academic knowledge; it is necessary to create new spaces for reflection on and
well-founded analyses of misinformation [16]. This is paramount in the current landscape
characterized by a lack of scenarios that promote reflection and initiatives that address the
need for media literacy [19]. Given the need to cultivate the youth’s journalistic literacy
skills in our age of misinformation [20], without spaces for reflection [21] and with current
initiatives not fully addressing these needs [22,23], it is necessary to re-think the strategies
for delivering media literacy skills. Using video games can be a powerful approach to
fostering these [24], as specific learning content (such as fake news, digital privacy, personal
media habits, and practical media skills) may be seamlessly incorporated into game design
to achieve multiple learning outcomes and the cultivation of competencies transferable to
real life [25].

However, Glas et al. [26] point out that despite there being many games aimed at
teaching about fake news or privacy, among others, it is not clear how they actually serve
as educational tools for media literacy, which competencies or content they focus on, and
how these are delivered through game design. Most studies are limited to the scope of one
game and its effects or centered around one particular aspect of media literacy. Moreover,
there is a lack of studies focusing on the practical aspects of game implementation in
educational settings.

The purpose of this research is to contribute to filling this research gap by conducting
a quantitative analysis of a pool of media literacy video games while adopting a broad and
multifaceted understanding of media literacy. This will (1) provide an overview of which
media literacy competencies and learning outcomes are covered by existing media literacy
video games in relation to a curriculum of reference, (2) generate insights into the strategies
used to promote these competencies through game design, and (3) understand how certain
characteristics of these video games may influence their implementation as pedagogical
tools in educational settings such as schools. Additionally, we provide a set of detailed
practical examples of how content and design in video games may contribute to delivering
learning experiences. For this study, we utilize the definition of “media literacy games”
as games whose purpose extends beyond entertainment, focusing on media literacy, and
which, through their design, are explicitly oriented towards one or more of the key themes,
skills, or competencies associated with media literacy, thus connecting with a broader field
of research centered on the use of digital or tabletop games for education or behavioral
change [27].

This work is part of the initial phase of the YO-MEDIA project (Youngsters’ Media
Literacy in Times of Crisis) funded by the Calouste Gulbenkian Foundation (269094),
designed to examine how games may be used to enhance media literacy among young
people. This research seeks to shed light on the effectiveness and potential of media literacy
video games as educational tools, addressing a critical need in our information-driven
society. It is a vital component of the YO-MEDIA project.

2. Theoretical Framework
2.1. Media Literacy

Media literacy focuses on understanding news through the combination of journalism,
citizenship, and technological concepts [28] and helps individuals become adept readers
and producers [29]. Despite media literacy historically being understood as the ability
to read, watch, listen, and comprehend media, the evolution of the traditional media
landscape linked to new digital technologies has brought about a change [26]. Today, the
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concept of media literacy cannot be confined to an instrumental or functional literacy driven
by the mere retrieval of information, but also needs to be construed as the capacity for the
critical understanding of and active participation in the media [30]. As Buckingham [30]
highlights, media literacy is much more than simply “accessing” these media or utilizing
them as tools for learning. Instead, it entails cultivating a broader critical understanding
that delves into the attributes of these media while also considering their social, economic,
and cultural implications.

We understand media literacy from the perspective of “game literacy”, as the manner
in which players develop and apply different skills; not only as cognitive competencies that
build informal learning skills by enabling players to think, converse, and read [31], but as
competencies through which players also acquire critical thinking abilities, make decisions,
and take action within a dynamically evolving environment [32] and have abundant
opportunities to carry out informal learning activities, and, in some cases, achieve formal
learning [33]. Ultimately, the capacity to engage with a game often encompasses more than
mere familiarity with its rules, objectives, and interface; it also involves the aptitude to
partake in social and communicational practices [34], regardless of whether the game is
played on a computer, mobile device, or console.

2.2. Games and Media Literacy

In the growing field of gaming research, scholars have been addressing literacy prac-
tices and learning during gameplay in a range of games and game genres [31,35,36].
Gee [35] discussed the literacy possibilities offered by games, the kind of experiential
learning they provide, and how players can engage with topics and concepts not easily
accessible through conventional learning approaches.

Games can potentially serve as an effective tool for improving media literacy and the
ability to distinguish between true and false information [37]. They have been shown to
enhance people’s ability to process and comprehend information and help develop critical
thinking skills [38]. They also provide a safe environment for experimentation, serving
as an effective tool for media literacy [39,40]. Video games have not only proven to be
useful in acquiring these skills, but in general, they are tools that increase motivation [41],
including for self-learning [42], thanks to game mechanics that can affect engagement [43].
They attract the player with the narrative, influencing their interest and fulfillment, key
factors towards increasing commitment and satisfaction [44].

Some video games have been shown to help improve performance in critical think-
ing tests, like Minecraft, which requires players to think creatively and strategically to
solve construction problems [45], or Portal 2, a puzzle video game in which players must
find solutions to riddles [46]. Other benefits include improvements in problem-solving
and decision-making [47]. Moreover, some have been specifically designed to foster me-
dia literacy and help distinguish between genuine and fake news, such as Bad News
or Factitious—Pandemic Edition [48]. But their main advantage lies in their ability to
demonstrate how things work in a practical manner by engaging users in a vivid experi-
ence [24]. However, it should not be surprising that their effectiveness relies on the inherent
possibilities of each game [38].

Games are also media, and this becomes more pertinent when considering their
extensive utilization by the youth [46]. This implies that the analysis of games requires
new and distinctive methods that cannot simply be transferred from other media, though
this is equally the case when we compare television and books, for example. While some
elements are shared across media, others are distinctive to a specific medium [30].

2.3. Media Literacy Frameworks for Education

To enhance media literacy, it is necessary to tackle the underlying problems and
promote a culture of fact-checking and critical thinking. Some authors have suggested
that school education could include programs about responsible social media use and the
importance of verifying information before sharing it [49]. Tools and technologies such
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as FactCheck.org [50] could be used to verify the authenticity of news, and pedagogical
strategies could be implemented, like media analysis, evaluation of information quality,
and understanding of media rhetoric and biases [51].

Other authors have proposed their own theoretical frameworks for media literacy in
educational programs [16,52–54], and there have also been institutional efforts toward this
end, such as the Digital Citizenship Education Handbook by the Council of Europe [55],
written from a theoretical perspective. These initiatives and proposals are of a general
nature and do not tackle media literacy in education from a practical and implementable
point of view. The lack of clearly defined learning objectives hinders, to a certain extent,
their implementation in formal educational settings, which are typically curriculum-driven
and need to use learning objectives as evaluation measures.

The European Association for Viewers Interests (EAVI) [56] produced the report Get
Your Facts Straight!: Toolkit for Educators and Training Providers, which includes a goal-
oriented methodology and curriculum that breaks down media literacy education on
misinformation and fake news into three main learning areas, each corresponding to a
module that includes several learning outcomes, as shown in Table 1. Despite not being
specifically designed to be implemented through video games, for this study, we will use
its objective-driven educational methodology on media literacy as a reference to evaluate
which learning outcomes the analyzed sample of video games contribute to delivering.

Table 1. Structure of Get Your Facts Straight!: Toolkit for Educators and Training Providers.

Module Learning Outcomes

Module 1
What is disinformation

1.0 I can explain the difference between information and disinformation.
1.1 I can identify the types of misleading news.

Module 2
How social media make money and why

disinformation and propaganda are vastly
present on social media

2.1 I understand the consequences of believing and sharing false information for
the society and for myself.
2.2 I understand the reasons why disinformation is published with the intention to
mislead me.
2.3 I know there are some political or commercial interests that try to affect my
behavior online.
2.4 I have a general idea about how algorithms affect what we see online.

Module 3
How to recognize and react to disinformation

3.1 I understand what are some examples of credible sources of information.
3.2 I know how to check information and I know the changes in the media
landscape.
3.3 I know how to defend myself from threats and risks on social media.
3.4 I know what I can do to be a positive and responsible social media user.

3. Materials and Methods

This work applies the deductive method to provide, after an exploratory phase, a
quantitative–descriptive view of the existing video games about media literacy in order
to understand their usefulness for teaching purposes and their ease of implementation
in learning environments. Figure 1 illustrates a summary of the methodology followed
during the present study.

We selected a sample of video games after reviewing the JournalismGames.org
database from the Interactive Media Department of the School of Communication at
the University of Miami and after carrying out searches on the STEAM platform and on
Google with the keywords “fake news”, “media literacy”, and “media”. We discarded
any video game that did not focus on addressing media literacy, the use of fake news, or
tangentially fought misinformation. We prioritized video games that provided a deep and
meaningful approach that would be of use for teaching purposes, offering an immersive
and educational experience.
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Figure 1. Summary of the methodology.

To understand the practicalities of how video games may be incorporated into learning
environments, we analyzed the main characteristics of the selected sample regarding
their playability, the type of news they depict (real vs. fictional worlds), their approach
(constructivist/behaviorist), availability (whether they were free or had a fee, and their
availability on the STEAM platform), age suitability, and estimated playing time. We also
studied the games’ content in relation to the curriculum set out in Get Your Facts Straight!:
Toolkit for Educators and Training Providers [43], specifically in reference to the 8 learning
outcomes suggested in Modules 2 and 3 of the curriculum (see Table 1), by playing each
game entirely. We did not consider the learning outcomes included in Module 1, as these
are focused on more theoretical content that cannot be delivered through video games
alone, while Modules 2 and 3 revolve around the student and clearly describe educational
objectives that may be delivered by video games in a measurable way. While playing
and studying the games, we identified an additional possible learning outcome in the
pool of video games (9. “Know how to create fake news”). The complete list of learning
outcomes considered for the analysis is shown in Table 2. Last, we compiled a list of the
game mechanics present in the sample.

Video game complexity and usefulness for media literacy teaching purposes were eval-
uated by scoring the content (learning outcomes considered) and design (game mechanics
identified) on a scale from 0 to 3, following the criteria set out in Table 3.
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Table 2. List of learning outcomes considered.

No. Learning Outcomes Considered

1 Understand the consequences of believing and sharing false information for society and the individual.

2 Understand the reasons why disinformation is published with the intention to mislead.

3 Know that some political or commercial interests try to affect online behavior.

4 Have a general idea about how algorithms affect what we see online.

5 Understand what some examples of credible sources of information are.

6 Know how to check information and know the changes in the media landscape.

7 Know how to defend oneself from threats and risks on social media.

8 Know how to be a positive and responsible player on social media.

9 Know how to create fake news.

Table 3. Evaluation criteria for learning outcomes and game mechanics.

No. Content: Learning Outcomes Design: Game Mechanics

0 Non-consideration of learning outcome Not present

1 Learning outcome addressed indirectly Low impact on the game

2 Learning outcome addressed metaphorically Relative impact on the game

3 Learning outcome addressed explicitly High impact on the game

4. Results
4.1. Media Literacy Video Games and Characteristics

We identified 24 video games on media literacy and conducted a comprehensive
evaluation of their general features. Table 4 summarizes the main characteristics of each
video game, including its name, year of publication, age suitability, availability, estimated
playing time, whether it is re-playable, the inclusion of real news in the content, and the
learning approach.

We identified six re-playable games within the analyzed sample. Most video games
(n = 14) used real news, while the rest focused on fictional worlds. We also analyzed
the games’ type of approach to determine whether the video games provided the player
with the necessary tools to build their own procedures to solve a problematic situation,
through a constructivist approach, or whether the games proposed activities with content
that had to be learned by the player, promoted by appropriate stimuli at each moment,
in a behaviorist approach. We found that the majority of the games (n = 18) presented a
behaviorist approach. A large number of the games studied were intended for audiences
above 12 years old (n = 11), while 12 were intended for audiences over 14 (n = 6) and
16 years old (n = 6). Only one of the games was aimed at players above 18 (G21). Most
video games were free of charge (n = 17), but all the games found on the STEAM platform
had a fee (n = 7). The majority of the games reported an estimated playing time of 30+ min
or below (n = 15), while two games had estimated playing times of 45+ min, and seven
games had estimated playing times of 60+ min.
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Table 4. Media literacy video games and characteristics.

No. Video Game Year Age Availability Playing Time (min) Characteristics

G1 The Republica Times 2012 12+ 15+ + º

G2 Interland 2017 12+ 30+ - º

G3 Bad News 2017 12+ 30+ + º

G4 Fake It to Make It 2017 16+ 30+ * ˆ -

G5 Go Viral! 2018 12+ 30+ + º

G6 Fakey 2018 12+ 15+ + º

G7 Post Facto 2018 12+ 15+ + º

G8 Cranky Uncle 2020 12+ 15+ + º

G9 Harmony Square 2020 12+ 20+ + º

G10 Choose your own fake news 2020 12+ 20+ + º

G11 Adventures of Literatus 2020 14+ 30+ - º

G12 Stop the troll - 14+ 20+ + º

G13 BBC iReporter 2020 14+ 30+ ˆ -

G14 Cat Park 2022 14+ 60+ ˆ -

G15 EU vs. Disinfo Quiz 2022 14+ 15+ + º

G16 NewsFeed Defenders 2023 16+ 60+ + º

G17 Julia: A Science Journey 2023 12+ 20+ + º

G18 Political Animals 2016 16+ ab 60+ * - ˆ

G19 Headliner 2017 14+ ab 45+ - º

G20 No Place for the Dissident 2020 16+ ab 60+ *- º

G21 Floor 13: Deep State 2020 18+ ab 60+ *- º

G22 Influence Inc. 2022 16+ ab 60+ *- ˆ

G23 Power & Revolution 2022
Edition 2022 16+ ab 60+ * +ˆ

G24 Forge of Destiny 2023 12+ ab 45+ + º

a Has a fee, b Available on STEAM, * Re-playable, + Uses real news, - Uses fictional news, ˆ Constructivist
approach, º Behaviorist approach.

4.2. Identification of Game Mechanics

After playing each video game entirely, we compiled a list of the six game mechanics
identified in the analyzed pool (Table 5).

Table 5. Identified game mechanics.

No. Game Mechanics

1 Allows players to investigate the news and find out which are real and which are fake.

2 Allows players to create news and includes consequences for the player if they spread fake news.

3 Challenges the player to spread fake news created by others.

4 Shows the player different news items (real and fake) and asks them to select the real ones.

5 Allows players to create fake news and spread them within the game.

6 Quizzes the player by challenging their knowledge of political or current topics.

58



Computers 2023, 12, 188

4.3. Most Complete Video Games for Media Literacy

Table 6 displays the list of video games analyzed and the scores assigned for each of
the learning outcomes (see Table 2) according to the scale presented in Table 3, as well as
the total number of learning outcomes within each game and the total score for the whole
amount of learning outcomes in each video game (total game score). It also shows in how
many video games each learning outcome is included (outcome presence) as well as the
total score of each learning outcome in the whole pool of video games (total score per
outcome). We also included the number of times each learning outcome was assigned each
scale value in the pool of games studied.

Table 6. Video games and learning outcomes.

Game/Mechanic 1 2 3 4 5 6 7 8 9 No. of
Outcomes

Total Game
Score

G22 3 3 3 3 2 3 3 3 3 9 26

G4 2 3 3 3 3 3 2 3 2 9 24

G14 2 2 2 3 3 3 3 3 3 9 24

G3 2 2 2 3 3 2 3 3 3 9 23

G13 3 3 3 1 3 3 1 3 2 9 22

G5 2 2 1 3 3 2 3 2 3 9 21

G16 1 1 1 3 3 3 3 3 3 9 21

G21 3 3 3 2 1 2 2 3 2 9 21

G19 2 3 1 1 1 3 3 3 3 9 20

G24 2 2 2 3 3 2 2 2 2 9 20

G20 3 3 2 1 1 1 2 3 2 9 18

G23 3 3 2 1 1 2 1 2 1 9 16

G9 1 1 1 3 2 1 2 1 3 9 15

G11 1 1 1 1 2 2 2 1 2 9 13

G10 3 3 2 1 1 1 2 1 8 14

G18 2 2 2 2 2 2 1 7 13

G8 1 3 3 2 3 5 12

G7 3 3 2 3 4 11

G6 1 3 3 2 4 9

G17 2 2 2 2 4 8

G15 3 3 2 3 8

G2 1 3 3 3 7

G1 1 1 1 3 3

G12 3 3 2 6

Outcome presence 18 16 17 18 21 20 20 19 20

Total score per outcome 37 37 32 40 47 45 45 47 45

Max. score (3) 6 8 4 10 11 9 8 11 8

Med. score (2) 7 5 7 2 4 7 9 6 9

Min. score (1) 5 3 6 6 6 4 3 2 3

As shown in Table 6, more than half of the video games analyzed (n = 13) include
the nine learning outcomes (see Table 2). When also considering the total score assigned
to each video game according to the learning outcomes present, we can determine which
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items among these have the best total score and should, therefore, be suitable for a more
complete and robust educational experience. Up to 11 video games include all the learning
outcomes in quite a direct manner in general (total game score of 18 or above): these are
the most comprehensive games identified in the sample. Moreover, G22 approaches the
maximum total score with 26 points, making it the most robust game analyzed in terms
of media literacy learning outcomes by explicitly meeting and addressing nearly all the
outcomes except for one, which is addressed metaphorically. This video game would
thus constitute the most complete media literacy educational tool available in the pool of
games analyzed.

4.4. Most Common and Robust Learning Outcomes

According to Table 6, the outcome with the greatest presence in the video game pool
is number 5 (“Understand what some examples of credible sources of information are”),
which is included in 21 of the games analyzed. On the other hand, the least represented is
outcome 2 (“Understand the reasons why disinformation is published with the intention to
mislead”), present in 16 games.

The total score per outcome indicates which learning outcomes are generally better
incorporated into the sample of video games analyzed. There are two outcomes with a
score of 47 (maximum score is 72), which is the highest score achieved: outcomes 5 and
8 (“Understand what some examples of credible sources of information are” and “Know
how to be a positive and responsible player on social media”, respectively); these are the
learning outcomes most explicitly addressed in the sample. This analysis also shows that
outcome 9 (“Know how to create fake news”) is present in a large number of the games
(n = 20) and with a relatively high score (45 points), justifying its inclusion in the list of
outcomes considered. The learning outcome with the lowest total score is number 3 (“Know
that some political or commercial interests try to affect online behavior”) with 32 points,
also on the list of outcomes that appear in fewer games (n = 17).

Most outcomes are more often addressed explicitly than indirectly, except for number
3 (“Know that some political or commercial interests try to affect online behavior”). Five of
the outcomes are predominantly addressed directly in the pool: the number of times an
outcome is explicitly addressed surpasses the occasions when it is addressed metaphorically
and greatly exceeds indirect treatment (learning outcomes 2, 4, 5, 6, and 8). Outcomes 8
(“Know how to be a positive and responsible player on social media”), 4 (“Have a general
idea about how algorithms affect what we see online”), and 5 (“Understand what some
examples of credible sources of information are”) stand out, as their explicit treatment
surpasses both metaphorical and indirect approaches combined.

4.5. Learning Outcomes and Game Mechanics

Table 7 displays the list of video games analyzed and the scores assigned for each of
the mechanics identified (see Table 5) according to the scale presented in Table 3, as well as
the total amount of mechanics within a game and the total score for the whole number of
mechanics in each video game (total game score). It also shows in how many video games
each mechanic is included (mechanic presence) as well as the total score of each mechanic
in the whole pool of video games (total score per mechanic). We also included the number
of times each mechanic was assigned each scale value in the pool of games studied.

As shown in Table 7, we found that six video games in the analyzed sample include
the six mechanics identified (see Table 5). These games (G19, G20, G21, G22, G23, G24) also
present the nine learning outcomes set out in Table 2 (see Table 6). It should be noted that,
although a game may include all the mechanics detected, this does not guarantee that it will
meet all the learning outcomes. For instance, G3 addresses the nine outcomes with only one
mechanic (mechanic 1: “Allows players to investigate the news and find out which are real
and which are fake”). Additionally, G4, G5, and G9 address the nine outcomes with only
two mechanics (mechanic 2: “Allows players to create news and includes consequences for
the player if they spread fake news” and mechanic 4: “Shows the player different news
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items (real and fake) and asks them to select the real ones”). The opposite is also true; there
are games with a high variety of mechanics (n = 5) and, therefore, presumably have more
complexity, but they address fewer than half of the objectives (such as G6).

Table 7. Video games and mechanics.

Game/Mechanic 1 2 3 4 5 6 No. of
Mechanics

Total Game
Score

G22 3 3 3 3 3 3 6 18

G21 3 2 2 3 3 2 6 15

G19 3 3 2 3 3 2 6 16

G24 3 3 2 3 3 2 6 16

G20 2 3 2 3 3 2 6 15

G23 2 3 2 2 3 2 6 14

G13 3 3 3 3 3 5 15

G16 3 3 3 3 3 5 15

G6 3 3 3 3 3 5 15

G8 1 2 1 1 3 5 8

G17 3 1 1 1 1 5 7

G14 3 3 3 3 4 12

G10 3 3 1 1 4 8

G11 3 3 1 3 7

G7 3 1 3 3 7

G18 3 1 2 3 6

G15 3 1 1 3 3 8

G9 3 3 2 6

G4 3 3 2 6

G5 3 3 2 6

G12 3 3 2 6

G2 3 2 2 5

G3 3 1 3

G1 1 1 1

Mechanic presence 20 16 15 19 13 11

Total score per mechanic 56 40 34 47 33 25

Max. score (3) 17 11 7 13 10 4

Med. score (2) 2 2 2 2 0 6

Med. score (1) 1 2 3 4 3 1

The most frequently used mechanics are 1 (“Allows players to investigate the news
and find out which are real and which are fake”) and 4 (“Shows the player different news
items (real and fake) and asks them to select the real ones”), which appear on 20 and
19 occasions, respectively. The least used mechanic is number 6 (“Quizzes the player
by challenging their knowledge of political or current topics”), which appears in only
11 games. The most impactful mechanics in the pool of games are also 1 and 4, with total
scores of 56 (maximum score is 72). The mechanic that seems to have a lower overall impact
is also number 6, with a score of 25 points. In general, nearly all mechanics, when used, are
employed with high impact in the video game in which they appear.
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5. Discussion

In recent years, the number of games that address fake news and media literacy has
grown, which aligns with the observations made by Adams et al. [1] and Shehata [2],
who highlight a global concern. Game developers respond to these preoccupations by
creating experiences that promote critical awareness. In the following subsections, we
provide a comprehensive summary of the main characteristics of the video games focused
on media literacy currently available on the market, including content (learning outcomes)
and design (game mechanics), and discuss their suitability and usefulness for learning
purposes. Last, we provide a series of examples of how learning outcomes are incorporated
into video game content.

5.1. Characterization of Media Literacy Video Games

Certain game characteristics may influence the suitability and usefulness of video
games for media literacy teaching and their ease of implementation in the classroom (see
Table 4). For instance, despite re-playability being beneficial for educational purposes [57],
we found that only six out of the twenty-four video games analyzed were re-playable. This
variable is also closely linked to the estimated playing time, as most games with a longer
duration (45 min or more) were also re-playable.

The estimated playing time also affects the extent to which video games can be
implemented as a tool in the classroom. Shorter games (30 min or less) may be played
during a typical one-hour class, while longer video games could be suitable, for example,
as homework. We found that most of the games in the sample, fifteen in total, had a low
estimated playing time and could easily be used in a classroom environment, while two
of them had a longer duration (45 min or more) that could still enable their use in this
setting with certain constraints. These video games could be incorporated into the resources
and materials of Modules 2 and 3 from Get Your Facts Straight!: Toolkit for Educators
and Training Providers [56], which suggest other resources such as videos, mobile games,
websites, or slides to help achieve specific learning outcomes with an estimated time for
group work and discussion with students between 10 and 40 min. Games with playing
times above 60 min (n = 7) would be difficult to use in typical school settings.

Target audiences determine whether a video game can be used as a teaching tool within
the educational system or not. Nearly all the video games were suitable for audiences
within school and high school ages (n = 23). Games aimed at players over 18 years old
could only be used in countries where the schooling age is extended (for instance, some
Nordic countries) or in educational settings other than schools and high schools, such as at
university level. Only one of the video games analyzed (G21) fell into the latter category; it
is a complex simulator that showcases a dystopian thriller with game mechanics that force
players to challenge authority to achieve their objectives and in which they must control
people’s opinions and will.

Other variables related to game availability (pricing and platform) may influence
accessibility and, therefore, affect or hinder their implementation in the classroom. Free
items are more accessible and more likely to be implemented. They can also easily be used
for homework, as there is no additional cost for the student or parents and guardians. We
found that the majority of the video games analyzed (n = 17) were free of charge. While
the integration of media literacy topics into platforms such as STEAM increases their reach
and promotes public awareness of the problem of misinformation in society, all the games
that were available on the STEAM platform (n = 7) required a fee. This may represent an
obstacle for their implementation: first, due to a fee that may affect their incorporation into
school settings but also prevent their usage at home for those who cannot afford it; and
second, because STEAM is a platform that requires individual accounts and subscriptions,
which would complicate its use in a collective setting such a classroom.

Within the analyzed sample, most free video games were suitable for younger au-
diences (over 12 years old) and had shorter estimated playing times (approx. 30 min on
average). These games are designed to deliver quick play rounds and are more suitable
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for broader audiences, which makes them great candidates for incorporation into the class-
room. In contrast, paid video games seem to be aimed at older audiences (over 14 years old)
and have longer playing times of more than 45 min, often exceeding 60 min in re-playable
games. However, they may offer a more in-depth learning experience.

Another key characteristic is the learning approach within these games, which de-
termines how these tools may be implemented and the role of teachers and students.
Behaviorism focuses on repetition and constant practice, while constructivism encourages
critical thinking, active participation, and problem-solving. In behaviorism, the student as-
sumes a passive role, whereas in constructivism their participation is active. In this regard,
constructivist approaches, like games and projects which involve student participation, are
more suitable for learning purposes, as they allow the student to be an active element that
generates knowledge while the teacher only plays the role of a guide. In the case of using
video games in the classroom, the teacher’s role would thus vary: in a behaviorist approach,
the teacher would be an information transmitter, while in a constructivist approach, they
would act as facilitators and guides of the learning process [58,59]. Within the sample, the
majority of video games (n = 18) presented a behaviorist approach.

The effectiveness of video games is achieved by integrating accurate and credible infor-
mation, persuasively conveyed [60] through the context and documentation provided [61].
However, the type of world a video game depicts may also affect its implementation in a
learning setting. Games that include real news may contribute to a greater awareness of
the world at a given time and promote critical and grounded discussions. In this regard, it
is important to mention G23, which employs news about the war in Ukraine. Other games
(G6 and G15) also feature real current issues, including general mentions of the war, while
G17 specifically addressed the COVID-19 pandemic. However, the content of these games
ages as reality and the knowledge of a given event change and evolve, which may render
certain video games obsolete or unusable in the long term for teaching purposes. Most
of the games analyzed used real news (n = 14) and, although these might be a desirable
tool in current times, video games using fictional worlds (n = 10) may be more suitable for
inclusion in a curriculum in the long run. The latter mainly focus on detecting fake news
and combating misinformation, and they do not include current political issues so as not to
distract from the learning goals with the tensions and divisions that merely talking about
politics, war, and the like, can create.

5.2. Learning Outcomes and Game Mechanics

More than half of the video games analyzed (n = 13) included all the learning outcomes
considered (see Tables 2 and 6) and up to 11 video games addressed all the learning
outcomes in a metaphorical or explicit manner, which is more suitable for media literacy
teaching purposes than the inclusion of learning outcomes in an indirect fashion. These
constitute the most comprehensive media literacy video games within the sample. It is
noteworthy to mention G22, the most robust game detected, which addresses nearly all
the selected learning outcomes (8 out of 9) explicitly, making it the most complete media
literacy educational asset in the sample. This game also has a constructivist approach and is
re-playable, ideal characteristics for a video game to become a learning tool. Nevertheless,
the fact that there are so many items that address all the learning outcomes provides
teachers and educators with a wide array of options to choose from for media literacy
education, and most of those are free of charge (n = 8), are not restricted to any platform
(n = 8), or are short enough for use in the classroom (n = 6). Unfortunately, the most complete
and robust game (G22) carries several constraints to its classroom implementation: it is a
long game (more than 60 min of estimated playing time), it has a fee, and is only available
on STEAM. These characteristics may hinder its use for educational purposes, but these
disadvantages can certainly be overcome.

The outcome with the greatest presence in the video game pool is number 5 (“Under-
stand what some examples of credible sources of information are”), present in 21 items. The
least represented is outcome 2 (“Understand the reasons why disinformation is published
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with the intention to mislead”), available in 16 games. Two learning outcomes stand out as
the most explicitly addressed in general in the whole sample: outcomes 5 and 8 (“Under-
stand what some examples of credible sources of information are” and “Know how to be a
positive and responsible player on social media”, respectively). The least robustly treated
topic within the video game sample seems to be outcome number 3 (“Know that some
political or commercial interests try to affect online behavior”), which also appears in few
games as compared to others (n = 17). Nevertheless, most learning outcomes are more often
addressed explicitly than indirectly, except for number 3, which is more often addressed
indirectly in the analyzed games. Learning outcomes 8 (“Know how to be a positive and
responsible player on social media”), 4 (“Have a general idea about how algorithms affect
what we see online”), and 5 (“Understand what some examples of credible sources of
information are”) are the most explicitly addressed in general. However, it seems that
not all learning outcomes are treated equally, and the crucial topic of the manipulation
of information and why it exists (outcomes 2 and 3) seems to be more difficult to deliver
through video games as a tool.

Regarding game design, during the analysis, we detected six different game mechanics
(Table 5). The presence and impact of these mechanics were evaluated in each game (Table 7).
We determined that a total amount of six games included all the mechanics. It is worth
noting that the appearance of all the mechanics does not imply that the game will meet all
the learning outcomes. Some games address all the learning topics with very few mechanics
(G3, G4, G5, and G9), while other games with a high number of mechanics cover fewer than
half of the outcomes (G6). The most frequent and impactful game mechanics detected were
number 1 (“Allows players to investigate the news and find out which are real and which
are fake”) and number 4 (“Shows the player different news items (real and fake) and asks
them to select the real ones”). On the other hand, the most underused and least relevant
mechanic was number 6 (“Quizzes the player by challenging their knowledge of political
or current topics”). In general, nearly all the mechanics, when used, were employed with
a high impact in the video game in which they appear. Nevertheless, it is paramount for
educators to remember, when choosing a video game for media literacy teaching, that there
does not seem to be a direct relationship between the complexity of the game design in
terms of mechanics and their robustness as a teaching tool in terms of learning outcomes.

5.3. Examples of Learning Outcomes in Media Literacy Games

Longer re-playable games offer more prolonged experiences in time and, in general,
include a more complex design in terms of game mechanics, which requires a greater
commitment from the players [43]. They may stimulate immersion to raise awareness in the
players, making them the protagonists of the actions and putting them in the shoes of the
person who manipulates information. For example, in “No Place for the Dissident” (G20),
the player must expand an ideology to dominate the world. The game mechanics allow the
user to adopt ideological policies, manage a country, and compete with other players who
also want to impose their ideologies. This way, some video games manage to put the users
in the role of each involved party to help them understand the consequences of spreading
misinformation (learning outcome 1). But this immersive strategy is not exclusive to very
complex games in terms of design. For instance, in “Choose your own fake news” (G10),
the player embarks on a journey where they choose their adventure by exploring news
and data about job opportunities and vaccines and constantly challenges the player to
learn to discern between truth and manipulation and develop the ability to make informed
decisions in an environment plagued by deception.

To foster discernment skills in relation to media [51] so users can acquire tools to
question the information they receive, identify biases, and make informed decisions, other
games explore the motives behind disinformation with the intention to mislead (learning
outcome 2). They may offer a deep understanding of why some political or commercial
parties seek to influence our behavior (learning outcome 3) through information manipu-
lation [5] and focus on showing how algorithms can affect what we see online (learning
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outcome 4). For example, in “Fake It to Make It” (G4) the plot is focused on the field
of advertising. Players seek strategies to influence people’s perceptions and behaviors
to achieve their commercial objectives. The in-game experience immerses the player
in a world where ethics and responsibility are questioned, providing deep insight into
the power and consequences of manipulating real-life information and discussing how
algorithms work.

To promote media literacy, it is crucial to encourage critical thinking and a culture of
verification (learning outcomes 5 and 6). Games with quizzes and narratives that include
real news emphasize this. Such an approach helps users identify fake news and other
types of misinformation [17]. Video games that present methods to verify information and
understand changes in the media landscape provide players with tools to discern between
reliable input and misinformation. For example, in “BBC’s iReporter” (G13, Figure 2), the
player is a reporter who must contrast their information sources under pressure to produce
impactful news as quickly as possible. Players need to select predefined responses and
interact with characters to resolve situations based on a narrative. These games highlight
the importance of verifying information before sharing it, even when in a rush [49].
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Regarding the defense against threats and risks on social media (learning outcomes
7 and 8), certain games provide relevant information on how fake news is constructed
(learning outcome 9). In “Cat Park” (G14), with typical RPG mechanics, the player travels
through a city where they will encounter an eclectic group of characters sharing a common
goal: to bring down a cat park and spread it on social media. However, as the players create
fake news, they will also learn counter-misinformation techniques and understand the
benefits and limitations of different approaches. The goal is to solve the problems in the plot
in a creative and strategic way that fosters creative solutions [46]. This experience provides
a perfect blend of strategy and learning, allowing the player to explore the intricacies of
information and misinformation.

In respect of video games that include current issues in the real world, it is worth
highlighting “Power and Revolution 2022 Edition” (G23, Figure 3). It offers a simulation
where players take on the role of political leaders and explore the Ukraine war, conspiracy
theories, fake news, the interference of secret services, animal welfare, and global warming.
Players can thus understand the complexities and implications of their actions in the media
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and the social environment. The game management panel displays, through icons, how the
country’s economy functions, how waste recycling is carried out, the level of democracy,
resources, education, and voting, as well as changes in political party and religion.
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Last, in “Influence Inc. 2022” (G22, Figure 4), the most robust game in terms of learning
outcomes, the player takes on the role of the manager of a communication agency that
resorts to all kinds of tactics to meet their goals. The user manipulates social media and
news to promote celebrities and even influence elections and must think strategically about
how to manage a digital influence agency using propaganda and advertising. Thus, while
the users are amusing themselves with the video game, they are also carrying out actions
within the game that produce valuable results for them [45]. This experience allows players
to immerse themselves in a wide range of educational content, and although their malicious
actions are carried out in a fictitious world, it provides a deep understanding of information
control in the real world. By exploring the complexities of communication management, the
player acquires critical awareness of how to handle and manipulate information, providing
a valuable perspective for the world outside the game. The knowledge gained and the
consequences observed in the game could be applied ethically in the classroom to ensure
effective and contextualized learning.
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6. Conclusions

In the present study, we analyzed 24 video games focused on media literacy by
scrutinizing their content (learning outcomes according to the curriculum of reference),
the way in which the content is delivered through their design (game mechanics), and the
features that might impact their implementation within educational environments.

The growth in the number of games focused on fake news reflects the increasing
importance of media literacy and the fight against misinformation in our current times. The
content, mechanics, and dynamics of video games could offer a high degree of effectiveness
in achieving critical learning outcomes for media literacy [27], allowing users to under-
stand, practice, and implement these skills to combat misinformation. Likewise, these can
foster sharper critical thinking and greater responsibility when consuming and sharing
information, which is essential in an increasingly connected world. By integrating elements
of news creation and distribution, video games offer a more immersive and challenging
experience [45] than other tools, and players directly experience the consequences of their
actions in a controlled environment [31,35]. Although in some cases the objectives within a
video game may be considered negative, such as obtaining powers through violence (as in
G21, G22, and G23 in the analyzed sample), the knowledge acquired can be applied ethi-
cally in the real world. Ultimately, the insights gained through video games can promote
the development of critical thinking skills [26] and making ethical decisions in various
contexts outside the game.

However, we found that some game characteristics may influence the suitability and
usefulness of video games for media literacy teaching and their ease of implementation
in the classroom. Estimated playing time should be considered when choosing a media
literacy video game in a formal education setting, as re-playable games, though extremely
beneficial for learning purposes, tend to be longer (60 min or more) and are, therefore, more
difficult to incorporate into typical one-hour subject sessions or toolkits for educators, such
as Get Your Facts Straight!: Toolkit for Educators and Training Providers [56]. Fortunately,
most of the media literacy games found on the market today have estimated playing times
that would fit these frameworks.

Target audiences also determine whether a video game can be used as a tool within
the educational system or not, as only games aimed at players under 18 could typically
be employed. It seems, though, that nearly all media literacy video games available on
the market as of today (except for one item) are directed toward younger audiences and,
therefore, are suitable for media literacy teaching purposes in schools.

Video game availability, particularly pricing and distribution platform, is a variable
that educators should also evaluate before choosing a video game, as it greatly affects
accessibility. While popular platforms such as STEAM increase the reach of video games
and topics, these typically require a fee and individual subscriptions, which may hinder
their implementation in collective settings such as educational environments. However,
most media literacy video games are free and accessible.

The learning approach of a video game should be carefully considered before choosing
it as a tool. Those based on behaviorism focus on repetition and constant practice, and
the student plays a somewhat passive role. On the other hand, constructivist video games
encourage critical thinking, active participation, and problem-solving. With the latter,
educators should mainly act as guides. Even though the constructivist approach is more
desirable for learning purposes, the majority of the video games on media literacy on the
market incorporate a behaviorist approach.

Last, educators should ponder whether they prefer using a tool that employs real
information, or video games depicting fictional worlds. Those that include real news
may contribute to more awareness of the world at a given time and promote critical and
grounded discussions, but they may rapidly become obsolete in our ever-changing world
and constitute a distraction from learning objectives due to controversial issues being
brought up. Most of the available video games on media literacy focus on real news.
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Regarding crucial learning outcomes for media literacy, we discovered that more than
half of the video games on the market were very complete and addressed all the learning
objectives as set out in the curriculum of reference (Get Your Facts Straight!: Toolkit for
Educators and Trainers); most of them did so in a metaphorical or explicit manner. These
comprehensive tools were mostly free of charge, not restricted to a platform, and short
enough to facilitate their implementation in the classroom, offering educators a broad range
to choose from.

Most of the video games addressed the issue of credible sources of information (learn-
ing outcome 5). Other robust learning outcomes identified within the analyzed sample
that tended to be addressed explicitly include knowing how to distinguish real and fake
news (learning outcome 4) and knowing how to be a responsible player on social media
(learning outcome 8). In contrast, the topics that seemed represented least and in a poorer
manner were why disinformation is published with the intention to mislead (learning
outcome 2) and the issue of political and commercial manipulation of information (learning
outcome 3), which are crucial to navigating the Internet and social media nowadays. While
not all considered learning outcomes were equally addressed, the findings demonstrate that
certain media literacy video games currently available in the market could be harnessed as
effective tools to attain critical learning objectives.

By playing the video games in their entirety, we were able to identify the most common
game mechanics present in media literacy games. Most video games opt to focus on
requesting the player to differentiate between true and false news (game mechanics 1
and 4), but those that better engage the player incorporate a variety of mechanics [25,41],
including news creation and distribution on social media and facing the consequences of
these actions (game mechanics 2, 3, and 5). This allows players to be involved in a more
active way, encouraging decision-making and reflection on the impact of misinformation
in society. Challenging the player about their knowledge about political or current topics
was the least used method (game mechanic 6), which is somewhat positive, as focusing
too much on controversial issues may distract students from the learning process. We
also observed that the complexity of game design in terms of mechanics did not have a
direct relationship with how comprehensive a video game was regarding the inclusion
of media literacy learning outcomes. Thus, video games may empower users to grasp,
exercise, and deploy skills to counter misinformation, regardless of the intricacies of
gameplay mechanics.

As a practical example of the implementation of video games as an educational tool,
educators may use the most robust game in terms of learning outcomes identified in
this study (G22) to present students with a fictional scenario and situations involving
the evaluation and verification of information, challenging them to discern between real
and fake news. Through questions, decisions, and searches for reliable sources (outside
the game), students can develop skills to identify and question misleading news in the
real world.

After analyzing the main characteristics of media literacy video games, we can con-
clude that, despite the great effort of developers to incorporate this issue as a response to
an increasing preoccupation, developing teams would benefit from a closer collaboration
with educators to ensure that the video games produced can become effective and useful
tools that can be smoothly integrated into formal education. Understanding how critical
skills for media literacy are best addressed through video games and what mechanics best
deliver these is a paramount area for future research, to ensure that video games can be
effectively incorporated into curricula in this age of mis- and disinformation characterized
by a lack of scenarios that promote critical thinking and initiatives that address media
literacy. The development of research in the area of video games that employ fictional
worlds and constructivist approaches is also of great importance for the determination of
their educational potential as pedagogical tools, as the current media landscape is likely
to be filled with new fictive worlds that have a great prospect for pedagogical purposes
besides mere entertainment. It would also be crucial to develop more studies on video
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games that focus on crises, such as wars and pandemics, very relevant issues that moti-
vated some of the objectives of the YO-MEDIA project. However, research in this area
faces certain limitations, such as the reduced amount of video games available on media
literacy as compared to other topics and the lack of databases or repositories that compile
such initiatives.

Finally, in the future, the use of other data analysis or processing techniques could be
considered, once we have a larger dataset and a greater number of analyzed video games.
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Abstract: Nowadays, young students spend a lot of time playing video games and browsing on
the Internet. Using the Internet has become even more widespread for young students due to
the COVID-19 pandemic lockdown, which resulted in transferring several educational activities
online. The Internet and generally the digital world that we live in offers many possibilities in
our everyday lives, but it also entails dangers such as cyber threats and unethical use of personal
data. It is widely accepted that everyone, especially young students, should be educated on safe
Internet use and should be supported on acquiring other Digital Intelligence (DI) competencies as
well. Towards this goal, we present the design and evaluation of the game “Follow the Paws” that
aims to educate primary school students on safe Internet use and support them in acquiring relevant
DI competencies. The game was designed taking into account relevant literature and was evaluated
by 213 prospective Information and Communication Technology (ICT) teachers. The participants
playtested the game and evaluated it through an online questionnaire that was based on validated
instruments proposed in the literature. The participants evaluated positively to the didactic utility of
the game and the anticipated player experience, while they highlighted several improvements to be
taken into consideration in a future revision of the game. Based on the results, proposals for further
research are presented, including DI competencies detection through the game and evaluating its
actual effectiveness in the classroom.

Keywords: serious games; digital intelligence; DQ Institute; safe internet use; SGDA framework;
evaluation

1. Introduction

The current period of time is distinguished by rapid technological evolution, unequal
access to modern Information and Communication Technologies (ICT) around the world
and a constantly declining time for educating people to use technology properly. Conse-
quently, a gap is being created, between the digital innovations and the knowledge that is
required to handle them. This gap, combined with the need for quick transition of primary
and secondary school students to the digital world due to the COVID-19 pandemic, resulted
in increased cyber risks. The COVID-19 pandemic has caused rushed digitalization of
primary and secondary student education, bringing even more in the forefront the younger
ages and cyber-risks—such as bullying, technology addiction, and misinformation—that
must be addressed [1].

It is important for children to cultivate digital skills, or else to develop their Digital
Intelligence (DI), in order to adapt to the new requirements of the digital world and protect
themselves from underlying threats. DI, as defined by the DQ (Digital Intelligence Quotient)
Institute [2], stands for a comprehensive set of technical, cognitive, meta-cognitive, and
socio-emotional competencies that are grounded in universal moral values, which enable
individuals to face the challenges and harness the opportunities of digital life. Thus,

Computers 2023, 12, 193. https://doi.org/10.3390/computers12100193 https://www.mdpi.com/journal/computers72



Computers 2023, 12, 193

individuals equipped with DQ become wise, competent, and future-ready digital citizens
who successfully use, control, and create technology to enhance humanity.

On the other hand, serious games (SGs) are referred to as entertaining tools with a
purpose of education, where players cultivate their knowledge and practice their skills
through overcoming numerous hindrances during gaming [3]. Therefore, SGs provide
the chance to create a simulated environment for players to experience situations that are
impossible to achieve in the real world for reasons such as safety and cost [4].

SGs have proved to be useful in encouraging attitude change, in supporting the
development of critical thinking, and in problem solving and developing decision-making
skills [5]. Given the above, a SG within the prism of the digital world will not only educate
and empower children’s digital skills, but will also entertain and give them the ability to
recognize and curb real life risks.

In this paper, we present the design and evaluation of the game “Follow the Paws”,
which aims to educate primary school students on safe Internet use and support them in
acquiring relevant DI competencies. The game was designed by taking into account the
Serious Game Design Assessment Framework proposed by Mitgutsch and Alvarado [6]
and was evaluated by 213 undergraduate Informatics students attending a “Didactics of
Informatics” course for prospective ICT teachers. The participants playtested the game
at their homes and evaluated it through an online questionnaire based on the relevant
literature [7–9]. The aim of this pilot evaluation was to investigate the potential of this game
prior to using it in the classroom. The following research questions were investigated:

RQ1: How do prospective ICT teachers evaluate the didactic utility of “Follow the
Paws” as a tool for educating primary school students on safe internet use and relevant
digital intelligence competencies?

RQ2: What are prospective ICT teachers’ expectations of primary school students’
experience when playing “Follow the Paws”?

The rest of the paper is structured as follows. In Section 2 a brief literature review is
presented. In Section 3 the design of “Follow the Paws” is presented, while in Section 4
materials and methods are briefly described. This is followed by the results of the study
and a discussion in Sections 5 and 6, respectively. The limitations of the study and plans
for future work are presented in Section 7.

2. Literature Review
2.1. Digital Intelligence

DI, as defined by the DQ Institute, refers to a person’s ability to adapt to the modern
digital world and to act consciously and responsibly within it, using digital media as tools
to achieve their goals and improve their life quality. Digitally intelligent people can be
defined as individuals able to effectively and flexibly manage advanced technology, as well
as successfully collaborate with others in the digital world. Social, emotional and cognitive
adaptation to digital reality are the main axes of DI.

To structure DI and embed digital competencies in a universal standard that can
be used across organizations, incorporating the digital literacy, digital skills, readiness
and flexibility, a global framework was required. The DQ Institute met this challenge
by integrating over 25 leading digital proficiency frameworks worldwide, creating the
DQ Framework.

In Figure 1, the 24 digital competencies that are held within the framework are pre-
sented in tabular form, where in the vertical axis, the three levels of DQ understanding and
mastery are defined, and on the horizontal, the eight DQ areas.

In a closer view, this framework is structured around two categories: the eight areas of
digital intelligence it examines and the three levels that govern them. These eight areas and
three levels form the matrix of 24 digital intelligence competencies (Figure 1).

These eight domains and three levels form the matrix of 24 digital intelligence compe-
tencies (Figure 1).
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2.2. Advantages of Serious Games

Although the range of applications and usability of SGs may suggest a range of benefits,
in reality there is limited evidence to support the benefits of using SGs. Despite this, one
of the advantages of SGs, according to Corti [4], is their ability to simulate environments,
systems, situations, etc., allowing players to experience situations that might have been
impossible to experience in real-world conditions. In this way, risks involved in various
activities and behaviors can be avoided, while at the same time allowing players to make
their own decisions, having as much time as they need, without the pressure of real life.
Also, as pointed out, simulation games have been found to include use of metacognition
and mental models, improved strategic thinking and insight, better psychomotor skills,
and development of analytical and spatial skills, iconic skills, visual selective attention,
computer skills, etc. [5]. Moreover, the work of Blumberg and Ismailer [10] attests, through
an extensive body of research, the efficacy of digital games for promoting players’ learning.
Finally, through the use of SGs, the participation of even the most timid students is being
encouraged and, as empirically supported by Robertson and Miller [11], the less able
children tended to be even more availed.

2.3. Relevant Educational Games

SGs development is attracting increased attention, leading to the creation of many
educational games in the field of internet safety. Such a game is Google’s Interland (Be
Internet Awesome), a 3D game that aims to help students to be safe and successful citizens
in our networked world. The concepts taught are anti-bullying, strong passwords, being
careful what you post online, and phishing detection [12]. Another SG around cyber safety
and digital citizenship is “Pledge Planets”, a game within Messenger Kids launched by
Meta (formerly Facebook) that helps kids learn and practice how to make healthy decisions
online, stay safe and build resilience [13], aiming to develop their digital citizenship identity.
In addition, Minecraft’s “CyberSafe: Home Sweet Hmm”, introduces fundamental cyber
safety principles and demonstrates ways to stay safer online [14]. In DI, however, there is
limited research in means of measure and detection, although the DQ Institute created a
questionnaire that evaluates the digital citizenship level of individuals, which is called the
Digital Citizenship Test (DCT). The DCT is an online/mobile test introduced to establish
new ethical standards for individuals, particularly children and teens, by modeling for
them the characteristics of a responsible digital citizen, in order to better protect them from
threats posed by the Internet [15].

The aforementioned SGs and questionnaire aim to pursue internet safety and digital
citizenship (digital intelligence life skills) separately and each addressing specific purposes.
The SG that is presented in this paper is an attempt to combine, through a storyline, both
technology usage and cyber-risk exposure within a realistic environment, proposing a
means of addressing unitedly aspects of digital intelligent living.
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3. Analysis and Design of Follow the Paws
3.1. Analysis of Follow the Paws

“Follow the Paws” is an SG or, more specifically, an educational game, aiming to
consider whether the player can transfer the knowledge from the real world to the digital
one and handle cyber risks, along with analyzing the player’s DI skills. The game starts
with the main character of the game finding a little dog in his/her neighborhood park,
while he/she is out for a walk. The player has to successfully find and return the dog
back to its owner. Throughout the game, the main character opposes cyber risks such as
phishing, exposure of private details and communication with face profiles on-line, meeting
a secondary goal of the game, collecting information about fundamental principles of safe
internet browsing. Meanwhile, another contribution of the game is to educate the user by
providing informative messages during playing based on his/her actions, concerning safe
browsing on the internet and how it can be improved. The main purpose is to either reward
and justify correct actions of the user, or offer guidance and hints regarding incorrect
practices of online behavior and use. Regarding the social aspect of the game, the core
message through the plot is raising awareness on stray animals, while safe browsing and
the protection of players from malicious users are at the epicenter of the concept.

“Follow the Paws” is targeted to primary school students as an educational tool on
safe internet use, a simulator of real life cyber risks to better prepare students’ response on
these types of matters, while, at the same time, can indicate some signs of DI.

The game can be installed on a standalone PC and was created using low-poly
3D animations and Third-to-First Person Cameras, in order to change the perspective
along play and place even greater emphasis on the correlation of behaviors and actions of
the real world with the digital one. The play time depends on the player and its perception
of the game’s purpose. During the game, if needed, the player has at his/her disposal aids
giving hints to continue to the next steps and complete the game. The only limitation in the
provision of aids is the time required between the use of one aid to the next one, in order to
give the player time to proceed with different solutions. An estimation of the time needed
to complete the game is approximately 30 min.

In Figure 2, the main areas of the game board are presented: (A) the game stage
progress; and (B) the message box where the dialog that takes place with every interaction
is displayed, where the player can interact with other characters or objects he/she encoun-
ters by guiding the character near the interactive object and pressing the space button;
(C) informative messages upon user’s actions; (D) the help area that displays the remaining
time until the next available hint; and (E) the information collected.
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The game, and the way that DI is applied in it, is presented in sections based on each
one of the game’s stages. The game is divided into six stages, and each stage consists of

75



Computers 2023, 12, 193

different tasks that the player must complete. These stages also correspond to some digital
areas, goals and skills, through the achievement of which, information can be collected
for the detection of the player’s DI. At the same time, the player is asked to apply basic
principles of safe internet use in order to protect himself/herself from cyber threats. In this
way, it is also possible to collect certain information that can reflect the player’s knowledge
and readiness in the area of safe internet use.

3.1.1. Information Collection

In the first stage, the player must try to collect information about the dog from his/her
surroundings. This should be performed by checking if the dog is wearing a collar with
contact details of the dog’s owner, and by trying to find someone around the park to ask if
they have seen anyone looking for a dog.

At this stage of the game there is a combination of digital capabilities being explored,
those of Digital Co-Creator Identity and Online Communication and Collaboration. The com-
petencies considered derive from the actions of the player, by trying to simulate a logical
act of the real world to the digital one. Specifically, the player alone has to think about
approaching the dog and searching its collar as a result of investigating and identifying
real problems in the digital world, whereas with the action of asking passers-by if they
have seen this dog before or if anyone is looking for it, the ability to interact and cooperate
in the digital world is examined.

3.1.2. Internet Search

As a continuation of the first stage, after the collection of information is completed the
gameplay is transferred to the house so that the search process continues on the internet,
on websites for lost dogs (Figure 3). During the player’s use of the search engine there will
be suggestions regarding keywords that the player should select in order to perform the
search. The player is asked to choose the most suitable ones, and then select a navigation
site among the resulting links. The purpose is to select the most suitable sites based on the
titles displayed.
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After navigating to several sites, one of them displays a pop-up window in which the
player is asked to accept certain terms in order to continue browsing the site (Figure 4).
However, the conditions he/she is asked to accept violate player’s privacy, basically it is a
form of attack. In order not to fall into the “trap” the player must not accept the terms, or
notice at the edge of the pop-up window the exit button to close it.
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area: Hints.

The digital areas explored at this stage are Digital Literacy and specifically Media and
Information Literacy. It examines the player’s ability to search and evaluate the information
found based on the chosen keywords, the links to navigate, and use critical thinking. The
field of Digital Security is also being investigated, with the aim of managing personal pro-
tection in cyberspace (Personal Cyber Security Management), as it is pointed out whether the
player can perceive and avoid a potential threat in order to protect his/her personal data.

3.1.3. Ad Posting

In the 3rd stage, since nobody has appeared looking for the dog on the websites visited,
the next step is for the main character to create and post an ad about the dog. At this point,
the player is asked to create an ad on his/her own containing information and a photo
of the dog, as well as some contact details. The whole process is completed as the player
chooses from the given options, the most suitable profile for the ad to be posted (Figure 5).

Digital Literacy and Digital Rights are, at this stage, the areas of DI tested. Specifically,
Content Creation and Computational Literacy are examined through the player’s ability to
combine and create material and information in an effective and creative way online. Privacy
Management refers to the user’s ability to discreetly manage personal information online.
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Figure 5. The post options: (A) Post option for the player to choose from: the text in Greek refers to
the context of each ad, (B) Help area: Hints.

3.1.4. Owner Authentication

The 4th stage focuses on how the player will manage the responses received after
posting the ad (Figure 6). The player is asked to find out which of the people who answered
to the ad is the real owner of the dog and which malicious users that are trying to mislead
and take advantage of him/her. The game at the end of this stage leads the player to the
real owner, with the use of the informative messages, even if the player follows incorrect
actions. The aim of the stage is to put the player through the process of authenticating the
owner, so even if he/she does not manage to avoid the cyber risks, the information of the
real owner is being given to him/her to be able to continue to the next stage.
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Figure 6. The communication with other internet users: (A) Message box for internet user Max22: the
text in Greek refers to the communication being held between the player and the internet user,
(B) Message box for internet user Michelle: the text in Greek refers to the communication being held
between the player and the internet user, (C) Help area: Hints, (D) Social media web page: the text in
Greek refers to a translation of the web page in Greek.
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Through the process of verifying the real owner, with the help of the information
collected in the first stage, the selection of a meeting point and the arrangement of how
to recognize the owner there, the domain of Digital Rights is approached. The focus is on
Privacy Management, which refers to the player’s ability to discreetly manage the personal
information of others online. Also, it is linked to the goal of Digital Safety, with Behavioral
Cyber-Risk Management being analyzed through the player’s ability to perceive and manage
cybersecurity risks related to interpersonal online behaviors. The third and final area
examined at this stage of the game is Digital Communication, based on Online Communications
and Collaboration, which derives data through the player’s ability to communicate and
collaborate efficiently with others using the internet.

3.1.5. Returning the Dog to Its Owner

In this stage, which follows the authentication of the owner, the selection of the
meeting point for delivering the dog takes place (Figure 7). The player must ensure that
getting to the meeting point does not require using any means of transport in which the
dog cannot be carried. Upon the arrival of the player and the dog to the meeting point, an
animation takes place displaying the dog running to its owner, indicating to the player the
dog’s real owner.
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Figure 7. Returning the dog to its owner: (A) Help area: Hints.

The digital skill that we examine with this action concerns the Systems analysis and
evaluation, in the composition of which the digital skill of Digital Co-Creator Identity is
included in a secondary stage. The goal is for the player to connect real-world information,
such as not being able to use certain public transportation with the dog, which will help
him/her reach areas far from the neighborhood. For this reason, a suitable meeting point
must be chosen based on the available means of transportation.

3.1.6. Deletion of the Post & Completion of the Game

Finally, to complete the game, after returning the dog to its owner, the player must
consider deleting the post that was uploaded on the previous step (Figure 8).

Digital Communication, in terms of Digital Footprint Management, is the digital area
under consideration. In detail, it is being examined whether the player considers deleting
the post from the internet, realizing the parameters of keeping a no longer valid post on
the internet, as well as some personal details.
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3.1.7. Summary of DQ Competencies Covered in the Game

In Table 1, a summary of the DQ competencies covered in each one of the game’s
stages and player’s actions is presented, along with the corresponding competency number
and the digital maturity level.
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3.2. Design of Follow the Paws

Mitgutsch et al. [6] developed a holistic assessment framework, Serious Game Design
Assessment Framework (SGDA), that focuses on the cohesiveness among the essential
design elements and the coherence in relation to the games’ purpose. Games that are
designed with a specific purpose and with the intention to impact the players (purpose-
based games) need to conceptualize this purpose in their design process. Following a
two-step approach, firstly, the elements that the SGDA consists of, presented in Figure 9,
are defined. Secondly, the coherence and cohesiveness is considered based on the overall
consistency of the aforementioned design elements with the purpose of the game and the
general formation of a confluent whole.
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On this basis and in addition to the main aim of “Follow the Paws”, to provide an
environment similar to the one of the real world, SGDA was selected. In the following
paragraphs, we present how the game applied the framework’s axes.

• The Purpose of this game is to offer a life-like environment that represents realistic
cyber threats and contains game missions corresponding to specific DQ competencies.
As a secondary impact “Follow the Paws” sensitizes the player to the matter of stray
and lost animals.

• The Content & Information of the game, refers to the data visible to the player, provided
by the game or perceived by him/her during gameplay. Such data include supple-
mentary information about the characters of the game, the back story, the time left to
use the aid button, the educational messages that the player receives upon his actions
during the game, the dialogues between characters, the messages at the completion
of each game stage, the data that the player gathers during the gameplay in order to
complete each step, etc.

• The Game’s Framing, given the young ages of the game’s audience, is highlighted to
consist of a basic play literacy when no specific knowledge is required from the player
to complete the game. It is of high importance to have in mind that we are looking for
the spontaneous and unforced behavior (own will) of the player, during the simulation
of a physical condition taken from the real world.

• The Mechanics, which govern the game, involve all the choices the player makes in
order to achieve the main goal of the game, which is to return the lost dog to its owner.
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It includes all the actions that the player applies within the operations scope of the
game, as well as the time it takes to move from one step to another. What is more is
that all these actions contribute to the formation of a profile on the DQ axis, while also
weaknesses in player’s behavior can be identified, in terms of safe internet use.

• Regarding Fiction & Narrative, the storyline that uses a child and a dog as protagonists
has been chosen in order to appeal to children of primary school ages regardless of
their gender. Representing the main character in an age close to the age of the game’s
target group makes the game even more relatable to the player, bringing the realism in
the forefront. In parallel, the ending goal of the game familiarizes the player with the
process required to return a lost pet to its owner, in an environment as close to reality
as possible.

• The Aesthetics & Graphics of “Follow the Paws” consist of animated cartoon figures,
graphics with bright colors and music, corresponding to the age group in which the
game is addressed and in favor of constructing an image and content interesting
for a child.

Analyzing the coherence and cohesiveness between the SGDA elements (Figure 10),
the purpose of offering an entertaining and stress free environment, simulating realistic
cyber risks and underscoring DI skills is coherent with the core elements of the game. The
infrastructure of the game guides the player, without delivering simplistic answers for
the player’s next move, reflecting on the ability given to apply his/her own understand-
ing. Moreover, the educational content that is given during the gameplay, based on the
player’s activity on the internet, allows him/her to first perform even incorrect actions
that, in reality, might place him/her at risk, emphasizing on achieving a realistic but yet
educational environment.
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On a closer look, a strong connection is formed between the game Mechanics, the
Content & Information and the Purpose of the game (I in Figure 10), as the game mechanics
encourage the player to act freely, while the content provides guidance and feedback. As a
result, the correspondence with the DQ competencies remains unbiased and the education
on safe internet use takes place. In addition, another triangle of coherence is held between

83



Computers 2023, 12, 193

the Fiction & Narrative, the Framing and the Aesthetics & Graphics (II in Figure 10). As a SG
designed for primary school ages, it was important to be applicable to all children without
being predetermined by the sex or the former knowledge of the player. This framing is
represented through the selection of the Aesthetics & Graphics and the Fiction & Narrative,
using bright colors, cartoon-like characters, background and character roles familiar to a
child and a linear story that is applicable to real life.

Less distinct connections that are observed among the elements of the game are
between the Framing and the Purpose (III in Figure 10) and between the Fiction & Narrative
and Purpose (IV in Figure 10). Separately, both cases embrace the secondary purpose of the
game by providing a storyline that engages the player in taking action to a situation of a
lost dog, and make it possible even for a child to contribute to a real life event like this.

4. Materials and Methods
4.1. Context of the Study

The study took place as an activity in the context of an elective undergraduate course
on the “Didactics of Informatics” at the Department of Applied Informatics, University
of Macedonia, Greece. This course is part of a “Pedagogical and Teaching Proficiency
Program” offered by the Department with the aim of preparing students as prospective
Information and Communications Technologies (ICT) teachers in public and private schools.
One of the modules in this course refers to game-based learning and serious/educational
games. Specifically, the benefits of educational games as tools for supporting the teaching
and learning of various fields of Informatics, ways of incorporating educational games in
the learning process, educational game design and evaluation frameworks are analyzed and
critically discussed with students. Among other issues, the MEEGA+ model for evaluating
the quality of educational games [7] and the key criteria for game design proposed by
Sanchez [9] were presented to students.

During the spring semester of the academic year 2022–2023, the students attending the
course were asked to play-test and evaluate the game “Follow the Paws” after the module
on educational games and game-based learning had been completed. An announcement
was made and delivered to the institutional email addresses of students through the
Learning Management System (LMS) used by the Institution and more specifically the
course. Students were provided with a link for downloading the game and a link for the
online questionnaire (Google form) and had a whole month for play-testing and evaluating
the game.

4.2. Research Questions

The study aimed to investigate prospective ICT teachers’ acceptance of “Follow the
Paws” as a tool for educating primary school students on safe internet use and relevant
DI competencies, as well as the anticipated player experience of the game’s target group.
Consequently, the study aimed at investigating the following research questions:

RQ1: How do prospective ICT teachers evaluate the didactic utility of “Follow the
Paws” as a tool for educating primary school students on safe internet use and relevant
digital intelligence competencies?

RQ2: What are prospective ICT teachers’ expectations of primary school students’
experience when playing “Follow the Paws”?

4.3. Participants

“Follow the Paws” was play-tested and evaluated by 213 undergraduate students.
The majority of the students were in the 4th year of studies (N = 178, 83.5%), which is
actually the year of studies that the course is offered (the program of studies lasts for
4 years). The age of the students was in the range of 19 to 46 years old, while the mean age
was 22.2 (sd = 2.34). Finally, 70% of the students were male and 30% female.
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4.4. Data Collection and Analysis

Data were collected through an online questionnaire prepared as a google form. The
questionnaire was based on the MEEGA+ model for evaluating the quality of educational
games [7,8] and the key criteria for game design proposed by Sanchez [9], since both
instruments have been validated and heavily used for evaluating educational games. The
MEEGA+ model and the accompanying questionnaire investigate two quality factors,
namely player experience and perceived short term-learning. In our study, we utilized
the questions that refer to player experience appropriately adjusted so as to record the
perceptions of prospective ICT teachers on the anticipated experience of primary school
students when playing “Follow the Paws” (RQ2). From the various key criteria for serious
game design and the accompanying questionnaire proposed by Sanchez [9], we utilized
questions that refer to game acceptance, usability and didactic utility that as a whole would
help us draw conclusions on the overall didactic utility of the game. All the aforementioned
questions were actually statements and the participants expressed their level of agreement
in a 5-point Likert scale, where 1 = totally disagree and 5 = totally agree. Finally, the
questionnaire included demographics questions, questions on the participants’ game play
habits and open source questions on the games’ positive and negative aspects, as well as
problems encountered during game play.

5. Results of the Evaluation

In this section the results of the questionnaire on game acceptance and didactic utility
(Section 5.1) and the anticipated player experience (Section 5.2) are presented. Before
presenting the main results of the questionnaire, we would like to present some results on
the participants’ game playing habits and the play-testing process of “Follow the Paws”.

The majority of the participants are game players. Specifically, only 7% of the par-
ticipants stated that they never play games, 36% of them rarely play games and 57% of
them play games at least once a month (with 20% playing daily). Consequently, the vast
majority of the participants were still active game players. Moreover, the majority of the
participants (55%) finished the game “Follow the Paws” in a time range of 10 to 45 min.
The time devoted by the majority of the participants (61%) on play testing (no matter if
they finished the game or not) was approximately 15 min, while 30% of them played for
approximately 30 min and 7% for 45 min.

5.1. Game Acceptance and Didactic Utility (RQ1)

In Table 2, the results on game acceptance and didactic utility of “Follow the Paws”
are presented. The participants consider that the educational content of the game (median
= 4) is relevant to its purpose and without errors; fits the characteristics of its target group;
and the main principles of safe Internet use. What is more important is that the participants
agree that there is a balance between game elements and the achievement of the educational
objective of the game (median = 4), which is widely accepted to be a great challenge for
educational games [16,17]. The tasks within the game are considered to be appropriate
to the educational background of primary school students (median = 4), while the game
provides scaffolding features. The majority of the participants agree that the game provides
both guidance and adequate help (median = 4) and clear and relevant feedback to students
about their choices during game playing (median = 4). As a consequence, prospective
ICT teachers believe that the game can improve students’ knowledge on safe Internet
use (median = 4) and, as such, can be used as a supplement in the educational process
(median = 4).
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Table 2. Game acceptance and didactic utility of the game.

Dimension Statement Mean Std.Dev. Median

Game acceptance

The content is relevant (no errors) 3.6 0.86 4
The content fits the characteristics of the students (age, prior

knowledge, etc.) 4.1 0.73 4

The content fits the main principles of safe Internet browsing 4.3 0.7 4

Usability
The game provides guidance and adequate help to the students 3.6 1.05 4

The game provides clear and relevant feedback to students about
their choices during game playing 3.8 0.96 4

Didactic utility

The game can be used as a supplement during the educational process 4.1 0.83 4
The game is suited to the pedagogical objectives of the teacher 4 0.81 4

The tasks of the students within the game are relevant with their
educational background 3.9 0.83 4

There is a balance between game elements and the achievement of
the educational objective 3.9 0.73 4

Through this game students improve their knowledge on safe
Internet browsing 4.1 0.81 4

5.2. Anticipated Player Experience (RQ2)

In Table 3, the results on the anticipated player experience are summarized. The
results are quite encouraging, since 26 out of the 29 questions had a median value of
4 and 3 questions a median value of 3. Next, we briefly analyze the results for each dimen-
sion of the MEEGA+ model that refers to player experience.

Aesthetics. For the first dimension, the evaluation indicated that the game design is
quite attractive for young students (median = 4) and that the text font and colors are well
blended and consistent (median = 4).

Learnability. The participants are divided as to whether the students will have to learn
a few things before they can play the game (median = 3). However, they agree that learning
to play the game will be easy for the students (median = 4) and they will learn to play it
very quickly (median = 4).

Operability. Regarding the operability of the game, both questions managed to reach a
median of 4 (agree), meaning that the game is easy to play and the rules are clear and easy
to understand. However, as will be explained in the results of the open-ended questions,
the participants proposed to provide more guidance to the player about the tasks that have
to be carried out as the story evolves.

Accessibility. For the accessibility dimension, the participants agree (median = 4) that
the fonts used in the game are easy to read and the colors are meaningful.

Error prevention and recovery. The participants agree (median = 4) that the game
prevents students from making mistakes, and in case of a mistake, it is easy to recover from
it quickly. Nevertheless, the mean value of the answers received ranges from 3.5 to 3.7
and this might be another alert for providing further guidance to the players in the case of
unsuccessful actions.

Confidence. The confidence dimension has been evaluated through questions regarding
the impression of the players on how easy the game will be and how confident players are
that they will learn with this game. For both questions, the median was 4 (agree).

Challenge. Regarding the challenge dimension, the median is 4 as well (agree) for all
its items, while the mean ranges from 3.5 to 3.9 and the standard deviation ranges from
0.88 to 1.02. The participants consider that the game is appropriately challenging for young
students and provides new challenges at an appropriate pace, but when it comes on to how
monotonous the game can become as it progresses, the mean is 3.5 and the responses were
not so close to the median (Std.Dev.: 1.02)

Satisfaction. The participants agree (median = 4) that players will have the feeling of
accomplishment by completing the tasks based on their own efforts; they will learn from
the game and they would recommend it to other students.

86



Computers 2023, 12, 193

Table 3. Anticipated player experience.

Dimension Statement Mean Std.Dev. Median

Usability: Aesthetics
The game design is attractive for young students (interface. graphics., etc.). 4.1 0.64 4

The text font and colors are well blended and consistent. 4 0.92 4

Usability: Learnability
Students will have to learn a few things before they can play the game. 3.2 1.02 3

Learning to play this game will be easy for students. 3.9 0.87 4
I think that most students will learn to play this game very quickly. 3.8 0.90 4

Usability: Operability
I think that the game is easy to play for young students. 3.8 0.90 4

The game rules are clear and easy to understand. 3.8 0.96 4

Usability: Accessibility
The fonts (size and style) used in the game are easy to read. 4.2 0.78 4

The colors used in the game are meaningful. 4 0.84 4

Usability: Error
prevention and recovery

The game prevents students from making mistakes. 3.5 0.99 4
When the student makes a mistake it is easy to recover from it quickly. 3.7 0.92 4

Confidence

When the student first looks at the game, s/he will have the impression that
it will be easy for him/her. 3.9 0.89 4

The contents and structure will help the student to become confident that
he/she will learn with this game. 3.8 0.78 4

Challenge

This game is appropriately challenging for a young student. 3.9 0.91 4
The game provides new challenges (offers new obstacles. situations or

variations) at an appropriate pace. 3.7 0.88 4

The game does not become monotonous as it progresses (repetitive or
boring tasks). 3.5 1.02 4

Satisfaction

Completing the game tasks will give students a satisfying feeling of
accomplishment. 4.1 0.84 4

Managing to advance in the game will be due to the student’s personal effort. 4 0.79 4
Students will feel satisfied with the things that they learned from the game. 3.8 0.8 4

I would recommend this game for young students. 4.1 0.85 4

Fun
Students will have fun with the game. 4 0.86 4

During the game I believe that there are features that would make a young
student smile (game elements. competition., etc.). 3.9 0.82 4

Focused
Attention

There is something interesting at the beginning of the game that will capture
the attention of a young student. 3.8 0.92 4

A young student could be so involved in the gaming task that would lose
track of time. 2.8 1.13 3

A student could forget about his/her immediate surroundings while playing
this game. 2.7 1.08 3

Relevance

The game contents are relevant to the interests of a young student. 3.7 0.84 4
It is clear to me how the contents of the game are related to the investigation

of digital competencies. 4 0.8 4

This game is an adequate method for investigating digital intelligence. 3.6 0.86 4
I suggest investigating and teaching students about the correct digital

behavior with this game in comparison to learning through other ways (e.g.,
other teaching methods).

4.1 0.79 4

Fun. The participants believe that young students will have fun while playing the
game, while there are also some features that will make them smile (median = 4).

Focused attention. In this dimension, the answers ranged from indifferent (median = 3)
to agree (median = 4). Although the participants believe that the game will capture the
attention of the players at the beginning (median = 4), they are divided as to whether the
players will lose track of time (median = 3), or forget their immediate surroundings while
playing the game (median = 3). This is a clear indication that effort should be made in order
to achieve a higher immersion of players.

Relevance. The participants agree (median = 4) that the game is relevant to the interests
of young students, it is related to educating them on digital competencies and DI and it is
recommended as a teaching method for correct digital behavior.

5.3. Positive and Negative Aspects of the Game

The questionnaire included three open-ended questions on the positive and negative
aspects of the game, as well as the problems encountered during game play.
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The most positive aspects of the game according to the participants are the graphics,
the colors and the overall environment of the game. The game is considered to be interesting,
entertaining and interactive. Another strong aspect of the game is its educational nature
and at the same time its simplicity.

The participants’ responses regarding the negative aspects of the game and the prob-
lems encountered during game playing were at a high degree similar as expected. We
must note that 48% of the participants did not report any problems during game playing.
The most prominent negative aspect or else problem refers to the guidance offered to
players regarding the next steps that they should follow. Several participants mentioned
the interaction with the virtual computer in the game and the hitboxes (e.g., buttons that
should be pressed) as problematic, which required restrictive precision from the player.
Although the game provides help/hints for the next steps, this feature is not available at all
time and some participants proposed guiding the player with other ways as well, such as
“highlighting with an arrow image the button that should be pressed in the virtual computer” or
“a bright outline rectangle enclosing elements in the game that the player can interact with”. The
participants proposed several improvements of this type that will be taken into account for
improving the game prior to its usage in the classroom. We have to note, however, that
some of the interactions that were characterized as vague were conscious design choices
and were designed as puzzles for cultivating the players’ problem solving capabilities.
Another problem mentioned was the movement of the protagonist of the game with the
mouse instead of the arrow keys or WASD, as well as the fact that the mouse cursor was
visible in the game environment. Some participants mentioned as a negative aspect the
limited number of levels and the duration of the game and proposed adding more levels
for covering other aspects of safe Internet use and DI as well. Finally, the participants
mentioned some problems with the colliders of specific game objects, as well as problems
that might be attributed to bugs. Taking into account the number of the participants (213),
we consider the feedback invaluable and it will be utilized for implementing the final
version of the game.

6. Discussion

Based on the results of the evaluation by prospective ICT teachers, “Follow the Paws”
received, for all dimensions of the questionnaire, a median of 4 (agree), except for the
learnability and the focused attention dimensions that received an average of 3.67 and
3.33, respectively. In general, the participants positively evaluated the didactic utility of
the game based on close-typed questions adopted by key criteria for game design and the
corresponding questions proposed by Sanchez [9], implying the acceptance of the game
as a supplement in the educational process. Furthermore, the questions adopted from
the MEEGA+ model on the anticipated player experience indicated that the game’s user
interface and experience is suitable for primary school students.

However, it should be noted that through the open-type questions commented on
the game, there were some interesting points to be noted for further improvements and
expansion of the game. These comments included:

• Uncertainties on the use of the game by students unfamiliar with the use of computers
and social media.

• Improvements on the game controls, in order to simplify player’s movement while playing.
• Providing the player with an introduction to the game’s purpose, in order to familiarize

him/her with the aim of not receiving direct guidance through the game, but only
minor hints to encourage their own thinking and problem solving skills.

Of course, in order to draw safe conclusions, the game should be tested also by primary
school students themselves, in order to obtain feedback from the game’s main target group
on their experience and also assess the impact of the game on acquiring safe Internet use
and related DI competencies. Furthermore, the game might be good to be translated to
English (currently it supports only Greek) to help expand the use of the game.
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7. Limitations and Future Work

The study investigated the acceptance of “Follow the Paws” by prospective ICT teach-
ers in terms of its didactic utility and the anticipated player experience. The participants
evaluated the game positively and pointed out various improvements. Since the majority
of the participants were active players and were also knowledgeable about game-based
learning and the instruments utilized in the evaluation of the game, the results are con-
sidered trustworthy. A major limitation of the study lies in the fact that the game was not
evaluated by the actual target group, which is primary school students. Consequently, the
actual effectiveness of the game on raising awareness on safe internet use and acquiring DI
competencies remains to be investigated in the classroom after revising the game based on
the recommendations recorded in its pilot evaluation.

“Follow the Paws” could be further enriched with new missions and intermediate
steps between stages in order to include even more areas of DI. Other design frameworks
could be utilized in this re-design process, such as the Activity Theory-based Model of
Serious Games (ATMSG) [18], for achieving even better results in terms of achieving the
pedagogical goals of the game. Additionally, it would be of great interest to measure,
display and save the results and the progress of the player in the game. Saving the player’s
progress and results in a database will give him/her the opportunity of playing the game
at any time by continuing from the last saved point and saving his/her progress for
further use.

In order to measure and display the progress of the player in the game, a digital
skills “map”, which captures the progress of players and their actions throughout the
game, could be added. More specifically, the purpose of this map will be to display the
in-game performance of the player, based on the digital goals that have been set in advance,
during the stages and sub-missions of the game from the beginning to its end. In the form
of a polygonal web-map, the proficiency level of the skills under consideration will be
determined, based on the distance from the center of the web-map to its endings, as shown
in Figure 11.
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Abstract: The global rise in cybercrime is fueled by the pervasive digitization of work and personal
life, compounded by the shift to online formats during the COVID-19 pandemic. As digital chan-
nels flourish, so too do the opportunities for cyberattacks, particularly those exposing small and
medium-sized enterprises (SMEs) to potential economic devastation. These businesses often lack com-
prehensive defense strategies and/or the necessary resources to implement effective cybersecurity
measures. The authors have addressed this issue by developing an Educational Escape Room (EER)
that supports scenario-based learning to enhance cybersecurity awareness among SME employees,
enabling them to handle cyber threats more effectively. By integrating hands-on scenarios based
on real-life examples, the authors aimed to improve the knowledge retention and the operational
performance of SME staff in terms of cybersafe practices. The results achieved during pilot testing
with more than 200 participants suggest that the EER approach engaged the trainees and boosted
their cybersecurity awareness, marking a step forward in cybersecurity education.

Keywords: cybersecurity; serious games; escape rooms; educational games; small and mid-sized
enterprises

1. Introduction

The frequency of cybercrime cases around the world has increased significantly in the
recent years, together with the severity of their consequences. One of the reasons is the
ongoing digitization of nearly all spheres of work and personal life, which has not been
followed by the needed protective measures and has opened vulnerabilities to cyberattacks.
For small and medium-sized enterprises (SMEs), attacks that tap into trade secrets or
prevent the regular use of information, resources, or communication channels can mean
economic ruin. As such, this rapid evolution of cyber threats requires SMEs to adopt
robust cybersecurity measures to protect their online transactions and their sensitive data,
to safeguard their operations and maintain customer trust [1]. SMEs must also navigate
the complex landscape of legal and regulatory requirements, especially in the context of
protecting not only their businesses, but also their customers’ data and privacy [2]. But
even when SMEs recognize the dangers of cyberattacks, they often lack comprehensive
defense mechanisms, and/or they do not have the adequate resources or knowledge to
implement them [3]. Yet, SMEs need proactive, informed, and strategic approaches to
cybersecurity and must adopt scalable security measures that are adjusted to the rapidly
changing cyber threat landscape [4–6]. Establishing tailored cybersecurity frameworks is
crucial for SMEs to address their unique vulnerabilities and protect critical assets. Such
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frameworks can help SMEs identify their sensitive data, assess the risks, and implement
appropriate safeguards based on organizational needs and asset sensitivity [7].

Effective cybersecurity for SMEs involves not only adopting technological solutions,
but also fostering a culture of security within the organization. So, it is highly important
to inform employees about the effects and consequences of a cyberattack, to raise their
awareness so that they engage in proactive risk management practices. Employees should
receive in-house training at regular intervals so that the probability of a successful attack is
limited and, in the event of an attack, adequate procedures are immediately taken. This
training should be tailored to the specific needs and contexts of the SMEs, considering their
resource constraints [8–11].

The EyesOnCS (enhancing cybersecurity through the development of training using an
escape room model) project aimed to develop innovative solutions and concrete educational
products to prepare current and future SME employees for working safely in the digital
world. The main project result was a digital Educational Escape Room (EER) focused
on cybersecurity that fostered active and experiential learning through a scenario-based
learning approach depicting realistic situations from everyday work and life. The reason for
choosing this method was the acknowledgement that this type of tool is gradually gaining
attention within education and training as it provides an engaging approach that allows
learners to efficiently achieve the predefined learning objectives [12,13]. Also, training with
these tools allows learners to have a close reference to the working reality, which translates
into higher knowledge retention and the immediate transfer/application of this knowledge
to the workplace [14,15]. This learning approach gives the learners a self-managed and self-
determined role as it is an active process of making choices, assessing options, observing the
consequences, and reflecting on them. By acting and reacting to those situations, learners
gain experience and develop their skills.

A large-scale testing and validation process with more than 200 participants was
carried out in Germany, Italy, and Portugal with the engagement of the main target groups.
After playing the game, participants provided feedback on their satisfaction and acceptance
of the proposed methodology and tools, as well as their perception of the relevance and
effectiveness of the approach.

2. Materials and Methods

Video games, which emerged as consumer products around half a century ago, have
evolved significantly from their original form as leisure activities to become integral ele-
ments of social and cultural landscapes. The influence and presence of games in society
have been steadily escalating, marking them as crucial components in various aspects of
life. According to Goertz et al., these interactive mediums have transcended mere enter-
tainment to embed themselves deeply within the fabric of modern culture [16]. Games,
inherently endogenous systems, are composed of structured problem-solving activities
governed by specific mechanics and rules. These elements collectively foster engagement,
with players participating out of internal motivation. Gameplay dynamics and mechanics,
the core of these systems, facilitate varied interactions between players and game elements,
leading to diverse behaviors and outcomes which engender a sense of immersion, as well
as a state of deep mental involvement that contributes significantly to critical thinking
and logical reasoning. Furthermore, games are instrumental in honing other cognitive,
intrapersonal, and interpersonal skills, including perceptiveness, attention, memory, and
various analytical abilities [17].

Videogames have, since then, been repurposed beyond entertainment. Recognizing the
motivational and engaging aspects of gameplay, designers have leveraged these attributes
for educational and training purposes. These games, also known as “serious games”, are
not primarily aimed at entertainment—they are committed to capitalizing on the inherent
motivation and immersive experience of players, and use effective game mechanics to
develop skills, knowledge, and/or awareness in an entertaining environment [18].
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The education sector has achieved great success with the integration of these games
(also referred to as educational games), which has led to the concept of “game-based
learning” (GBL). For this purpose, games are designed with explicit learning objectives. As
Prensky notes, GBL combines the engaging aspects of gaming with educational content,
creating an interactive learning experience that motivates users to explore and deepen
their knowledge [19]. Abt outlines the benefits of educational games and emphasizes the
alignment of game objectives with educational goals; the promotion of the understanding of
abstract concepts; the promotion of critical thinking; real-time feedback; and the provision
of safe environments for the exploration of consequences and authentic assessment [20].
Educational games allow students to improve their social skills, teamwork, leadership, and
collaboration. In addition, they are beneficial in training for hazardous processes (as is the
case with cybersecurity applications and training) or situations where physical classrooms
are too expensive. In short, the advantages of game-based learning can be summed up
as follows:

• A playful addition to teaching methods, with a high motivation potential among
learners through a sense of achievement in the game.

• Trackable active participation, widening the scope for action through interaction.
• Sustainable engagement with learning content.

Some of the disadvantages of game-based learning include the following:

• Learning content can be (partly) inferior.
• Requirements for technical equipment in some cases imply high costs.
• The games are very specific to a certain subject or domain.
• The teaching staff requires previous training [21].

Experiential learning, originally proposed by David Kolb as the process of learning by
doing in a safe environment [22], provides the theoretical ground for game-based learning
together with the active learning theory, proposed by Bonwell and Eison [23]. By engaging
students in hands-on experiences and reflection, they become better able to connect theories
and knowledge learned in the classroom to real-world situations. Educational Escape Room
(EER) games are an experiential and active educational variety of the escape room game
concept, targeted at the development of problem-solving, communication, collaboration,
creativity, and critical thinking skills. Escape room games present an exciting narrative
set in one or more fictional locations, such as prison cells, dungeons, laboratories, or even
space stations, and the team of players is required to discover clues and solve puzzles
aligned with the overall theme to achieve the final victory (normally escaping the room)
within a limited time. The game normally begins with a brief introduction to the rules
of the game, delivered by video, audio, or by a live gamemaster, and then players enter
the room or area where they will be locked throughout the gameplay period. The game’s
challenges are generally more mental than physical, and different knowledge and skills are
required for different types of puzzles. If players get stuck, there is normally a mechanism
in place through which they can ask for hints that can be delivered in written, video, or
audio form, or by the live gamemaster. Good endings are usually represented by escaping
“alive” within the time limit (that is, completing the room’s objective), while bad endings
usually involve the players getting “killed” by the main driving force of the story or an
antagonist coming to get the players once the timer has run out.

Virtual, digital, or online escape rooms are digital counterparts of physical escape
rooms and take place through a computer and network. Like in physical escape rooms,
the players solve riddles and complete puzzles within a limited amount of time. Escape
room game software is used, which is either run by the players alone or by the gamemaster.
This means that such games can be played by one player alone or by several players as a
team. More complex digital escape rooms can use virtual reality to increase the sense of
immersion of the players.

For some years now, the academic and vocational training sectors have recognized
the benefits of escape rooms and have been using them for their own purposes. There are
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already various scientific studies worldwide on the effectiveness and use of Educational
Escape Rooms (EERs), although this is far from systematic, as shown by Tercanli et al. [24].
These studies show that EERs can be used in different phases of the learning process, so
while some EERs do not require any prior knowledge and enable the basics to be learnt,
others require prior knowledge and are designed to deepen that knowledge [25]. Both
physical and virtual EERs are effective learning methods and show a significant increase in
students’ knowledge after the experience and a higher retention rate [26]. For instance, the
Cyber Defense Tower Game allows players to defend servers from various cyberattacks,
promoting strategic thinking and problem-solving skills [27]. Identically, the CyberHero
game, which incorporates adaptive learning techniques, offers personalized experiences
that can significantly improve user engagement and learning outcomes [28]. Similarly, the
Cyber Secured game is designed for cybersecurity novices and has been shown to enhance
learning and retention of cybersecurity concepts [29]. The CyberNEXS game provides a
platform for simulating cyber challenges that cater to a wide range of users, from casual
computer users to advanced cybersecurity professionals, illustrating the versatility of
games in cybersecurity education [30]. The educational impact of cybersecurity games is
further enhanced by their ability to simulate adversarial thinking, a critical component
in cybersecurity training, as they can improve strategic reasoning by simulating hacker
strategies [31]. Games can also be designed to boost interest in cybersecurity careers,
especially among younger audiences. The GenCyber program demonstrates how games
can increase awareness and interest in cybersecurity, potentially addressing the skills gap
in this critical field [32]. The virtual escape room CySecEscape 2.0, designed to raise
cybersecurity awareness among small and medium-sized enterprises, demonstrates how
physical escape rooms can be successfully adapted into virtual environments without
losing player immersion [33]. The escape room designed by the Institut National des
Sciences Appliquées de Toulouse offers hands-on experience in recognizing and mitigating
cyber threats, emphasizing the importance of choosing strong passwords and identifying
phishing emails [34].

On the other hand, scenario-based learning (SBL) allows the integration of realistic
situations from everyday working life into learning scenarios, according to the learning
objectives. Scenario-based learning in combination with the EER game model is very
effective for learning, as it can provide a realistic context together with an emotional
connection, which increases motivation and accelerates the acquisition and retention of
knowledge. The reference to realistic situations has a very positive learning effect, as
students can better transfer the learned lessons to the working environment in a company.
By using this approach, it is possible to provide scientifically evaluated and content-tested
scenarios for educational purposes.

The adoption of this combination (EER + SBL) within the EyesOnCS project was ex-
pected to provide a better understanding of cybersecurity while increasing the engagement
and the learning experience through interactive and emotional learning, as it. . .:

• Provides real-life experiences: Players are confronted with real-life experiences that
may occur daily while working with a computer connected to the Internet. In addition,
there is a convergence between the use of the Internet during work in the office and
daily life.

• Provides immediate feedback on the consequences of online activities: During the
game experience, the player can make their moves or decisions in a safe space where
it is even possible to observe the direct consequences of various decisions. This makes
it possible to gain experience and further information on the subject. The possible
outcomes, such as identity theft, credit card fraud, etc., can be experienced in a game
without real consequences.

• Ensures improved knowledge retention: game immersion and the immediate ob-
servation of eventual consequences lead directly to increased knowledge retention
as the player/student is able to experience each choice and consequence during
their playtime.
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2.1. EyesOnCS Educational Escape Room

The EyesOnCS game was planned to be mostly oriented towards self-diagnostics
and self-assessment in relation to cybersecurity, as it was mostly thought to be used in an
informal, autonomous learning process by SME staff. In the scope of vocational training,
the game can be used by VET trainers as an educational tool. But then, a formal assessment
should be conducted through an external procedure.

Following a requirement study conducted with a set of SMEs and desk research
analyzing a large number of cyberattacks, the specific learning objectives for the EyesOnCS
EER were defined as:

• Expanding the knowledge of cyberattacks and cybercrime methods.
• Strengthening security awareness while dealing with Internet applications like e-mails,

instant messengers, etc., on computers, smartphones, or any other connected devices.
• Acquiring knowledge of basic relevant behavioral principles and how these are used

by cyber criminals, e.g., in social engineering.
• Strengthening physical awareness like the importance of the clean desk policy, infor-

mation security, etc.
• Recognizing the important functions of social media while acknowledging its potential

for use for criminal purposes.

These learning objectives were broken down in more detail by taking a closer look
at the different attack methods identified from real cases of cybercrime, like phishing,
password attacks, vishing, smishing, and social engineering. Something that all these
attacks have in common is the exploitation of the so-called human factor, i.e., people who
might commit mistakes out of ignorance or gullibility.

Phishing: Phishing is the most common attack method used by cyber criminals to
gain access to other computer systems, and phishing mails are by far the number one attack
method. The learning objectives regarding phishing for the project were:

• Building knowledge of typical phishing characteristics in emails.
• Understanding basic psychological principles used by criminals to deceive or manipu-

late people into not following security protocols.
• Raising awareness of the risk of unknown data attachments and the disclosure of

personal data.
• Understanding the importance of clean desk policies and information security.
• Know how to get first aid and how to protect themselves.

Password attacks: Easy-to-guess passwords are, even today, one of the main reasons
why accounts are so easily hacked. Easy passwords can be cracked by brute force attacks
within seconds or less. Yet, the characteristics of a strong password are barely known
in the public or workplace. To make the whole situation even more difficult, there is
often misinformation circulating around passwords. Even the German Federal Office for
Information Security advised a few years ago that it is important to change passwords on a
regular basis. This advice fails to take two aspects into account. The first is that passwords
are not like vegetables, so they cannot go bad that quickly. The second point is the general
behavior of people when they need to change their passwords—whether they like it or
not—as they tend to just swap out a few numbers, and passwords become easier to guess
over time. The learning objectives for this vector attack were:

• Acquisition of basic knowledge about secure passwords.
• Understanding the principles of different methods for guessing, cracking, or otherwise

obtaining passwords.
• Knowledge of clean desk policies.
• Understanding the basic principles of social engineering on social media to obtain

passwords.
• Recognizing the importance of data that can be shared via social media.

Vishing: Voice phishing, or vishing, is a variation on the classic phishing email. These
are phone calls made by psychologically trained criminals to obtain secret information over
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the phone or to manipulate the victim into doing something that violates security protocols.
Since AI voice generators became available, they have also been used to mimic the voices
of CEOs to give orders over the phone. The learning objectives for vishing were:

• Understanding the basic principles of social engineering.
• Gaining awareness of suspicious calls and typical call patterns.
• Building knowledge of AI and voice generators.
• Obtaining general information about fraud.
• Gaining knowledge about measures for self-protection.

Smishing: Smishing is a variation of phishing and vishing. Attackers use instant
messengers or text messages to involve the victim in a dialogue that is ultimately intended
to lead to a demand for money via text, for example. This method is used in both profes-
sional and private environments and is one of the latest methods of attack in the world of
cybercrime. The learning objectives for smishing are:

• Increasing the ability to recognize suspicious text messages.
• Acquiring the ability to check whether a text message is authentic or not.
• Developing the ability to protect oneself.

Social Engineering: Social engineering exploits psychological and behavioral aspects
of human nature [35]. It involves deceiving or manipulating people into revealing sensitive
information or performing actions that could jeopardize security. Almost every cybercrime
attack method is accompanied or supported by social engineering capabilities. The learning
objectives for social engineering are:

• Building knowledge about the topic in general.
• Raising awareness of dangerous messages, emails, and calls from unknown people.
• Acquisition of relevant basic psychological knowledge.

The chosen approach for the training process, together with the set of identified
learning objectives, led to the decision to create a new game as none of the existing ones
(namely those previously revised) covered all the goals and/or learning objectives, and
their source code was not available; therefore, they could not be changed. The EyesOnCS
game (Available at: https://www.eyesoncs.eu/results, accessed on 12 August 2024) follows
a narrative where the player takes on the role of a new employee in the security department
of a bank. During their work, they face various challenges related to the learning objectives
previously described.

Episode 1—The Test: The first episode begins with the selection of an avatar and a
name. To enter their new workplace, the player must enter an access code. They receive
their first clue from the security guard at the door (Figure 1). The player must combine the
letters used for the name of the bank, ECS (work place), with the alphabet to obtain the code
with which they can enter the bank. This task gives some notions about the cryptographic
process. After entering the bank, the player must set up their email account using their first
password. Hints are provided around the desk and once the correct password has been
used, the player can then select a new password. The player is asked whether the password
should be saved on a computer and whether the anti-virus software should be switched
off. The answer given then leads to further clues as to how the game could continue. The
next task is to check certain emails to see whether they are possible phishing e-mails or not.
The player can read and accept the emails as legitimate emails or reveal them as phishing
e-mails. If the player identifies all e-mails correctly as legitimate or phishing e-mails, they
will remain part of the game. If the player makes mistakes with the allocation of e-mails,
they lose time, which might make it difficult to complete the EER. The episode ends with a
summary of the topics learnt.

96



Computers 2024, 13, 205

Computers 2024, 13, x FOR PEER REVIEW 7 of 16 
 

the allocation of e-mails, they lose time, which might make it difficult to complete the EER. 
The episode ends with a summary of the topics learnt. 

 
Figure 1. Starting the first episode. 

Episode 2—The Job: The second episode begins with a relatively simple task for the 
player. The initial code for the building has been changed due to a hacker intervention. 
The player is given a hint about a specific date related to cybersecurity. After a quick 
Google search, the player can—with a little thought—enter the correct date as the new 
code. At their workplace, the player now receives several messages from colleagues that 
introduce them to the topics of phishing and vishing (Figure 2). The first e-mail leads to a 
suspicious fake website where the player has to find three typical markers for a fake 
website. Once the player has found these markers, they receive the next message. They 
are told to go to their colleague and leave their workplace. The player must now fulfil the 
clean desk policy (take their ID and smartphone with them, shut down their computer) 
before they can leave the workplace. The next scene in this episode is a phone conversation 
between the employee and their “supervisor” in which vishing markers are shown. It 
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Episode 2—The Job: The second episode begins with a relatively simple task for the
player. The initial code for the building has been changed due to a hacker intervention. The
player is given a hint about a specific date related to cybersecurity. After a quick Google
search, the player can—with a little thought—enter the correct date as the new code. At
their workplace, the player now receives several messages from colleagues that introduce
them to the topics of phishing and vishing (Figure 2). The first e-mail leads to a suspicious
fake website where the player has to find three typical markers for a fake website. Once
the player has found these markers, they receive the next message. They are told to go
to their colleague and leave their workplace. The player must now fulfil the clean desk
policy (take their ID and smartphone with them, shut down their computer) before they
can leave the workplace. The next scene in this episode is a phone conversation between
the employee and their “supervisor” in which vishing markers are shown. It appears that
the bank has been compromised. After the dialogue, the player receives a new phishing
e-mail attempt (which they can also accept or reject). The next tasks focus on social media
awareness, as the player must find three crucial pieces of information on their supervisor’s
social media account. Here, they will have to find clues to the password the supervisor
uses for his e-mail account.
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Episode 3—The Hacker: The third episode is called “The White Hacker”. In this
episode the player role-switches to a so-called “white hacker” story, so that the player can
get to know the attacker’s point of view. The episode starts with the player receiving a
message from the CEO of the ECS bank. He tells us that he knows why the player was fired
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but he cannot do anything about it but he wants to use our expertise from the outside. As a
white hacker he wants us to test the security of the bank systems. We accept the task and
start investigating. The first job is to go to the Dark Web and find out what information
is available about the company. We are able to retrieve the list of emails addresses of
the company and phone numbers of the employees. With this information we prepare
and start phishing and smishing campaigns for the employees. While the campaigns are
running we start investigating the social media of the employees and realize that one of
them posts a lot of information online. With that information we try to discover his access
password. We contact again the CEO of the ECS bank and inform him that the information
of the company is available on the Dark Web and that some accounts are hackable just by
following the social media information of some employees. The CEO is then informed
about the procedures he should adopt to make the bank systems secure. He is also informed
about the importance of having a CSO (Chief Security Officer) that has full knowledge
about cybersecurity.

Episode 4—The Expert: This is a quiz-based challenge that players can take at any
moment. Therefore, it can be used for diagnostic purposes (if taken before playing a
scenario) or for self-assessment if taken after playing a scenario. The questions for each
round are randomly chosen from a large set of questions (more than 100 questions), which
ensures that players have a different challenge every time they play it. Questions are
associated with one or more of the three other episodes so that, if the player just finished
one of those episodes and takes the quiz, the questions will be chosen from those associated
with that episode.

2.2. Methodology

The validation of the game was done through a pilot testing process with primary
objectives including assessing the educational value of the game, its playability, and its
usability; identifying technical issues; and gathering user feedback to improve the game.
The pilot testing lasted for three months (October to December 2023) and was conducted in
three European countries: Germany, Italy, and Portugal. The participants were trainers and
trainees from vocational schools and SME staff in those countries, as we had the intention
of collecting data from both points of view. The selection of participants was done by
project partners of organizations (schools and SMEs) that volunteered to participate and
disseminated the information about the game internally. A hybrid implementation was
adopted, combining face-to-face sessions (only in the schools) with the autonomous online
playing of the game. In the face-to-face sessions, participants were informed about the
project and game, they received a brief tutorial on the gameplay, and then they were able
to play it themselves for about one hour. All participants were then allowed to play the
game independently and autonomously after the session for about a week. In total, 384
participants were involved in the testing, as depicted in Figure 3.

On average, players spent 46 min playing the game (Figure 4), which shows the
involvement of the players. Each scenario has a time limit of 30 min and the expected
average play time for each scenario is about 20 min. This means that the players were
involved, playing at least 3 scenarios on average.

Also, 84% of the players spent more than 1 min in the game, which shows that the
number of “false testers” (that is, testers that just entered out of curiosity and immediately
left) was quite reduced (Figure 5).

The total number of plays was 534, which means that each participant played the
game between 1 and 3 times.

After playing the game, participants were asked to participate in an anonymous online
survey. This meant that some players answered the questionnaire immediately after the
face-to-face session, and others only answered it after one week. Unfortunately, due to
the hybrid mode of the pilot testing, it was not possible to ensure that all the players did
provide an answer so, in the end, only 77 participants provided feedback and comments.
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3. Results

The questionnaire addressed some demographic aspects of the participants, as well as
their perceptions of the usability, playability, and efficacy of the game.

Country of the respondents

• Portugal (5)
• Germany (23)
• Italy (12)
• Ukraine (7)—this group was part of the German pilot test.

The distribution of the players is slightly unbalanced between the different countries
involved (more in Portugal and Germany, less in Italy) but, as there was no intention
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of doing a country-based analysis, this distribution did not introduce any issues in the
analysis of the results.

Age

• 10–20: 38
• 20–30: 16
• 30+: 23

The age distribution also roughly shows the difference between trainees and train-
ers/SME staff, which can be established as 1/3 and 2/3 of the total participants. This
distribution was planned at the beginning of the project. In Italy, all the participants were
younger than 30 years old, while all the Ukrainian participants were older than 30 years.

Sex

• Male: 46
• Female: 27

There was some predominance of male participants among the trainees (34 vs. 17),
while for the older participants, the distribution was more balanced (13 vs. 10).

Professional occupation

• Trainer, teacher, equivalent (19)
• Student, trainee (51)
• Educational manager (3)
• Other (4)

These numbers reflect the distribution of students/trainees and teachers/trainers/SME
staff that was also observed across the age categories. In Italy there was only one trainer
and all the Ukrainian participants were either trainers or SME staff.

Usability of the game
Feedback on the usability of the game was collected using a standard System Us-

ability Scale (SUS) questionnaire where participants quantified their agreement with a
set of 10 statements [36]. Their answers were then normalized to the interval 1–5, with
1 representing strong disagreement and 5 representing strong agreement (Table 1).

Table 1. Usability of the game.

Statement Score (1–5)

I think that I would like to use this game frequently. 3.82

I found the game unnecessarily complex. 2.12

I thought the game was easy to use. 3.68

I think that I would need the support of a technical person to be able to use
this game. 2.12

I found that the various functions in this game were well integrated. 3.83

I thought there was too much inconsistency in
this game. 1.96

I would imagine that most people would learn to use this game very quickly. 4.81

I found the game very cumbersome to use. 2.12

I felt very confident using the game. 3.71

I needed to learn a lot of things before I could get going with this game. 2.21

Final SUS score 76.7 (GOOD)

The SUS score is close to 80—this means that the usability of the game is GOOD
according to the standard analysis, but close to VERY GOOD (ratio: 80). For the trainees,
the SUS score was higher than the one reported by the trainers/SME staff (77.8 vs. 74.4),
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although this difference is not significative and is expectable as they had more game-
playing experience. Participants found the game easy to learn to use, with the functions
well integrated, and they would use it frequently. They felt the need to learn a lot, which
is connected to the learning nature of the game. Nevertheless, there are clearly some
improvements to be made in relation to the usability and learning curve of the game.

Playability of the game
The playability of the game was analyzed using the standard Game Experience Ques-

tionnaire (GEQ) [37,38]. A set of 14 statements was used and players indicated their
agreement with the statements through a Likert scale (5 levels), where 1 represented strong
disagreement and 5 represented strong agreement (Table 2).

Table 2. Playability of the game.

Statement Score (1–5)

I was interested in the game’s story 4.05

I felt successful 3.77

I felt bored 2.12

I found it impressive 3.29

I forgot everything around me 2.66

I felt frustrated 2.16

I found it tiresome 2.01

I felt irritable 2.04

I felt skillful 3.61

I felt completely absorbed 2.88

I felt content 3.60

I felt challenged 3.87

I had to put a lot of effort into it 3.82

I felt good 3.83

On the positive side, players were interested in the game’s story (4.05), they felt
challenged (3.87), and felt good while playing the game (3.83). They did not feel bored,
tired, or irritable. However, they were not totally absorbed by the game (2.85) to the point
of forgetting everything around them (2.66). Older participants (trainers and staff) had a
higher degree of interest in the game’s story (4.25 vs. 3.96), felt better playing the game (3.96
vs. 3.77), and felt much more absorbed (3.42 vs. 2.64). Younger players (trainees) did not
feel irritable (1.89 vs. 2.38) or bored (2.00 vs. 2.38) and felt more successful (3.85 vs. 3.58).
But in general, the differences between the two groups were not big.

Completing the game
Considering the participants that provided feedback, 59.7% (46) of them completed

the game (completing the game meant that players went through the three scenarios
and answered the quiz (one or more times)), which shows that most of the players were
able to receive all the information and training about cybersecurity. Naturally, the other
31 participants (40.3%) did not finish the game, which means that they did not get through
all the challenges and, therefore, were not able to acquire all the knowledge and skills.
This was to be expected as this is a game and should be challenging, but there was a
consensus that the hint system embedded in the game should be improved to ensure a
higher finishing ratio. On average, players took 25 min to complete a scenario. Players that
finished the game used five hints, on average, which was the expected number of hints for
a smooth progression.

101



Computers 2024, 13, 205

Players that did not finish the game considered it either too difficult (18) or too hard to
understand how to play (4). Just a few considered it boring (2) or not interesting (1), which
is a good ratio.

Qualitative feedback
Participants were asked to provide some qualitative comments about the game and

the pedagogical methodology, and also some suggestions to improve the game. In relation
to the game, the comments provided by the participants were very positive (in parenthesis
are the number of participants that made a certain statement):

• A great idea, a positive game, it works very well (14).
• A very interesting game, I liked the challenges that made me think (7).
• I like the graphics but they can still be improved (4).
• I had fun (2).
• It was easy to use (2).
• A nice idea, it still needs some improvement but I would definitely use it with my

students (2).
• The game was easy to use and I learned a lot. The part with the password was very

interesting.
• I really liked the game but some puzzles are too difficult (9).
• Give more freedom to the player so that we do not need to follow a predefined path (3).
• More hints are needed at the beginning so you know what to do.

Equally positive feedback was received in relation to the learning process:

• I like the idea, it makes sense with our students, it is a nice and interesting way to
learn (15).

• Very positive (13).
• Adequate and effective (7).
• I learned a lot about cybersecurity (7).
• It is interesting to have the learning outcomes. It explains what we have learned (2).
• I liked the learning approach with the riddles (2).
• I could use it in my classes to discuss concepts with my students (2).
• It works very well, I enjoy learning with games (2).
• It gave me some interesting guidance on creating a secure password. I think I will use

the game’s method in the future.
• It is cool to see that some of the points we made are useful for everyday use, and you

remember the game if you are in a similar position at work.

4. Discussion

The SUS tool provided an overall score of 78.7, categorizing the game as “GOOD” and
bordering on “VERY GOOD” (score 80). This high score suggests that users generally found
the game easy to understand and use (4.81), with well-integrated functionalities (3.83).
This indicates that the game’s design facilitates a smooth learning curve and cohesive user
experience. However, some users felt the game was complex (2.12) and would occasionally
require technical support (2.12), suggesting areas where simplification could improve
accessibility. The confidence levels in using the game were reasonably high (3.71), although
there is still room for improvement to make the interface more intuitive.

The GEQ tool results offer insights into the emotional and cognitive aspects of the
game experience. The game effectively engaged users, with high scores for story interest
story (4.05) and feeling challenged (3.87). This engagement is crucial for educational games
where user interest directly impacts learning outcomes. Participants reported lower scores
for feeling absorbed (2.88) and forgetting surroundings (2.66) which suggests that the game
may struggle to maintain deep immersion, which could impact the sustained attention and
learning. Positive emotional responses such as feeling successful (3.77) and good (3.83)
outnumber negative reactions like frustration (2.16) and irritability (2.04), indicating a
generally positive user experience.
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About 59.7% of players completed the game, which is indicative of a well-balanced
challenge level. However, the completion time was shorter than expected, and the hint
system was noted as an area for potential improvement. Enhancements in these areas could
lead to increased completion rates and deeper engagement.

User comments highlighted the educational value of the game, with many appreciating
its challenge and the learning outcomes. Positive feedback emphasized the game’s potential
as a teaching tool in cybersecurity education. This follows the beliefs expressed by most of
the literature sources, which agree that EERs can be valuable didactic learning methods and
that they increase the students’ interest in the topics covered, as they not only allow a deeper
understanding of the course material already taught, but also help learners to understand
connections between these topics [24]. Furthermore, EERs have been shown to positively
influence confidence not only in academics, but also in the operational application of what
has been learnt, as they can help students see a broader picture of course material by
enhancing their understanding of additional interrelationships between topics [24–34].

5. Conclusions

Overall, the game was well received, with substantial strengths reported for usability,
player engagement, and educational value. Improvements in game depth, immersion,
and interface simplicity could further enhance its effectiveness. This feedback serves as
a valuable guide for future development, ensuring the game not only entertains, but also
educates effectively in the realm of cybersecurity.

As stated in the reviewed literature, the escape room approach promotes soft skills in
general, increasing motivation and improving skills such as problem solving, as demon-
strated by the studies of Veldkamp et al., and Fotaris and Mastoras [12,39]. Team building,
out-of-the-box thinking, and critical questioning are also enhanced with EERs, as shown
by Cain, Clarke and Peel, and Eukel [40–42]. In addition to this, learning with the escape
room approach also creates an awareness of a specific topic or domain [43].

This is particularly desirable for the EyesOnCS project, which aims to support aware-
ness of the responsible handling of cybersecurity issues. The escape room approach
demonstrates significant pedagogical value, aligning with research that supports its use
as an effective educational method. The game’s ability to engage users with its high story
interest score and the feeling of being challenged is crucial in educational settings, where
sustained engagement directly impacts learning outcomes. By integrating these elements,
the game encouraged active participation and problem-solving, which are essential for
effective learning. Participants’ feedback highlighted the educational benefits of the game,
the game’s challenges, and the depth of learning outcomes, reinforcing its potential as
a teaching tool. This positive response is consistent with the aforementioned literature,
which suggests that escape rooms can significantly increase students’ interest in topics
by allowing them to explore course material in a dynamic and interactive way. Such an
approach not only deepens understanding, but also helps students identify connections
between different topics, promoting a more holistic view of the subject matter.

Moreover, based on the qualitative comments received, the game positively influenced
learners’ confidence levels in the practical application of cybersecurity knowledge. By
providing a platform for players to see the broader picture and understand the interrela-
tionships between topics, the game fosters a deeper comprehension and higher retention of
information. This aligns with studies indicating that Educational Escape Rooms enhance
students’ ability to apply learned concepts in real-world scenarios, thereby bridging the
gap between theoretical knowledge and practical skills.

Overall, the EyesOnCS EER game represents a promising pedagogical approach,
offering a unique blend of challenge, engagement, and educational value that can effectively
enhance learning experiences.
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Abstract: Literacy assessment is essential for effective literacy instruction and training. However,
traditional paper-based literacy assessments are typically decontextualized and may cause stress and
anxiety for test takers. In contrast, serious games and game environments allow for the assessment of
literacy in more authentic and engaging ways, which has some potential to increase the assessment’s
validity and reliability. The primary objective of this study is to examine the feasibility of a novel
approach for stealthily assessing literacy skills using games in an intelligent tutoring system (ITS)
designed for reading comprehension strategy training. We investigated the degree to which learners’
game performance and enjoyment predicted their scores on standardized reading tests. Amazon
Mechanical Turk participants (n = 211) played three games in iSTART and self-reported their level of
game enjoyment after each game. Participants also completed the Gates–MacGinitie Reading Test
(GMRT), which includes vocabulary knowledge and reading comprehension measures. The results
indicated that participants’ performance in each game as well as the combined performance across
all three games predicted their literacy skills. However, the relations between game enjoyment and
literacy skills varied across games. These findings suggest the potential of leveraging serious games
to assess students’ literacy skills and improve the adaptivity of game-based learning environments.

Keywords: literacy; assessment; reading comprehension; educational games; intelligent tutoring system

1. Introduction

Literacy can be broadly defined as “the ability to understand, evaluate, use, and engage
with written texts to participate in society, to achieve one’s goals, and to develop one’s
knowledge and potential” [1]. Literacy skills are critical to academic success and in life;
however, large-scale reading assessment data reveal that many students and adults struggle
with reading comprehension. The most recent National Assessment of Educational Progress
reported that 27% of 8th grade students in the United States performed below the basic
levels of reading comprehension and 66% did not reach proficient levels. Similarly, 30%
and 63% of 12th graders did not reach basic and proficiency reading levels, respectively [2].
As might be expected, deficits in reading skills often continue into adulthood. According
to the 2017 Program for the International Assessment of Adult Competencies assessment,
19% of U.S. adults aged 16 or older performed at or below the lowest literacy level [3].

Literacy assessments are a key component of any effort to improve students’ literacy
or remediate potential gaps in education. A good understanding of learners’ current skills
reveals the types and amounts of instruction they will need to grow. However, traditional
literacy assessments (e.g., standardized tests) typically require a significant amount of time
to administer, score, and interpret. Additionally, these tests usually occur before or after
learning, making it difficult to provide timely feedback to guide teaching and learning [4–6].
Moreover, traditional assessments may cause stress and test anxiety, which may in turn
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negatively impact students’ test-taking experiences [5,7], and change how students respond
to the assessments [8].

In contrast to traditional literacy assessments, stealth assessment offers an innovative
approach by implementing literacy assessments in computer-based learning environments.
These assessments take place during learning activities, instead of summative or “check-
point” assessments. In addition, the assessments are based on students’ natural behaviors
and performance rather than being presented as “tests.” As such, stealth literacy assess-
ments can evaluate student reading skills unobtrusively and dynamically, and provide
timely feedback throughout the learning process. In this innovative context, serious games
have strong potential to be more motivating and enjoyable than traditional reading assess-
ments. Thus, in this study, we investigated the feasibility of game-based stealth assessment
to predict literacy skills, specifically reading comprehension and vocabulary knowledge.

1.1. Stealth Assessment within Games

Stealth assessment refers to performance-based assessments that are seamlessly em-
bedded in gaming environments without the awareness of students who are being evalu-
ated [4,9]. Stealth assessment was initially proposed and explored to assess higher-order
competencies such as persistence, creativity, self-efficacy, openness, and teamwork, primar-
ily because these competencies substantially impact student academic achievement, but
also because traditional methods of assessment often neglect these abilities [10,11]. As such,
stealth assessments that analyze how students use knowledge and skills during gameplay
have been embedded in serious games to unobtrusively assess those competencies [12–15].
Game environments may make assessment less salient or less visible, and thus students
feel that they are merely “playing” rather than “being tested”.

In stealth assessment, traditional test items are replaced by authentic, real-world sce-
narios or game tasks. Since stealth assessment items can be contextualized and potentially
connected to the real world, students’ skills, behaviors, and competencies may be more
validly demonstrated through these game activities than in traditional assessments [16,17].
Within stealth assessments, students generate rich sequences of performance data (e.g.,
choices, actions, and errors) when they perform the tasks, which can serve as evidence for
knowledge and skills assessment. When students are assessed without the feeling of being
tested, it can reduce their stress and anxiety, which can in turn increase the reliability of the
assessment [18,19].

Serious games in education are designed to enhance students’ learning experience by
providing a more fun way to acquire knowledge [20,21], which could be ideal for stealth
assessments because they further separate students’ experiences of play and enjoyment
from experiences of testing and measurement. In a well-designed game, students are
immersed in game scenarios and motivated to proceed through the challenges and meet
learning goals, which might not feel like a learning or testing experience at all [22]. For
example, Physics Playground is a game that emphasizes 2-D physics simulations. The
game implements stealth assessments to evaluate students’ physics knowledge, persistence,
and creativity [15,23]. When students interact with the game, they produce a dense stream
of performance data, which is recorded by the system in a log file and analyzed using
Bayesian networks to infer students’ knowledge and skills. The system then provides
ongoing automated feedback to teachers and/or students, based on the assessment, to
support student learning. Another example of stealth assessment is a game-based learning
environment named ENGAGE that was designed to promote computational thinking
skills. Students’ behavioral data were collected during their gameplay and then analyzed
using machine learning methods to infer their problem-solving skills and computational
knowledge [13,24].

1.2. Stealth Reading Assessment via Games

Prior studies have explored stealth assessment via games to assess students’ higher-
order skills and competencies, such as problem solving, creativity, and persistence, along
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with scientific knowledge [14,17,23,25]. Only a few studies have investigated using stealth
assessment to assess literacy [26–28]. These studies primarily leveraged natural language
processing (NLP) techniques to extract linguistic properties of constructed responses (e.g.,
essays and explanations) to make predictions about students’ reading skills. For example,
Allen and McNamara analyzed the lexical properties of students’ essays to predict students’
vocabulary test scores. Two lexical indices associated with the use of sophisticated and
academic word use accounted for 44% of the variance in vocabulary knowledge scores [26].
Fang et al. predicted students’ comprehension test scores using the linguistic properties of
the self-explanations generated during their practice in a game-based learning environment.
Five linguistic features accounted for around 20% of the variance in comprehension test
scores across datasets. The studies collectively demonstrate linguistic features at multiple
levels of language (e.g., lexical, syntactic, and semantic) have strong potential to serve as
proxies of reading skills, supporting the feasibility of stealth reading assessment using
NLP [27].

However, the use of NLP for reading assessment is not without challenges. These
methods rely on machine learning algorithms, which require a large amount of data to
train and test to improve the analysis accuracy [29]. Additionally, some NLP methods
rely on extensive computational resources to support the complex calculations, which
might be difficult to adopt by development teams without those resources [29]. Most
importantly, NLP is language-specific, rendering it challenging to generalize algorithms
across languages.

An alternative to NLP is the analysis of students’ performance data from games
implementing multiple-choice questions. Multiple-choice questions provide a shortlist
of answers for students to choose from, which do not require complex data analysis to
evaluate students’ answers. For example, Fang et al. investigated the association between
students’ reading skills and their performance in a single vocabulary game (i.e., Vocab Flash).
The analysis was based on students’ performance data from the game implementing what
are essentially multiple-choice questions in disguise. The results of the study supported
the value of using a simple vocabulary game to assess reading comprehension [30].

The current study examines both vocabulary and main idea games. In the following
section, we introduce how literacy skills are reflected by the ability to identify word meaning
and text main ideas, providing the theoretical grounds for leveraging vocabulary and main
idea games to assess reading skills.

1.3. Assessing Reading Skills through Vocabulary and Main Idea Games

Reading skills are at least partially reflected by students’ vocabulary knowledge and
ability to identify main ideas of passages. Readers must be able to process the basic
elements of the text, including the individual words and the syntax, to understand and
gain meaning from texts. From those elements, the reader can construct an understanding
of the meanings behind phrases and sentences. Readers with more vocabulary knowledge
tend to have better reading comprehension skills [31,32]. When a reader is unfamiliar
with certain keywords in a text, this can slow down or fully impair the processing of
key points in the text. Although in some cases the meaning of words can be understood
via contextual cues, comprehension becomes more challenging for readers with lower
vocabulary knowledge [33]. This effect is exacerbated when the reader also has insufficient
prior knowledge about the topic through which to build context [34]. Hence, when assessing
texts for readability, educators and researchers have found that texts containing many
low-frequency and sophisticated words make them more difficult to read [35]. In second-
language learners, vocabulary is one of the most critical factors in determining how well
students can comprehend texts [36,37].

Comprehending text requires not only knowledge of individual word meanings,
but also the skills required to deduce relations between ideas and, in turn, the main
ideas [38]. Identifying topic sentences is a comprehension strategy that requires students
to recognize the main ideas within a text while dismissing information that is irrelevant
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or redundant [39]. Being able to distinguish main versus supporting ideas can foster deep
comprehension because it encourages students to attend to the higher-level meaning and
the global organization of information across texts [40]. Consequently, Bransford et al.
suggested that identifying main ideas within a text can lead to enhanced comprehension
and retention of the text content [40]. According to Wade-Stein and Kintsch [41], this task
not only promotes students’ construction of factual knowledge, but also of conceptual
knowledge, as the process of identifying main ideas within a text reinforces students’
memory representations of its content.

Deducing the gist of a text can be challenging [42,43]. Low-knowledge readers can
find it hard to differentiate between the main arguments and supporting ideas of a text [44].
Likewise, Wigent found that students with reading difficulties focused more on details
rather than identifying main ideas, subsequently recognizing and recalling fewer topic
sentences compared to average readers [45]. By contrast, strategic and skilled readers are
more likely to grasp the main ideas from text compared to less skilled readers [46–49].

Students’ reading comprehension skills, vocabulary knowledge, and ability to rec-
ognize main ideas are closely associated. Therefore, this study employed three distinct
games that emphasized vocabulary and main idea identification. First, Vocab Flash is a
game that requires players to select appropriate synonyms for words. It is an adaptive
game designed to measure vocabulary for variously skilled participants, making it ideal for
stealth assessment of vocabulary. Second, Adventurer’s Loot is a game that asks players
to read a text and select the main ideas. Participants must be careful to select only the
main ideas, and not any extraneous details. Finally, Dungeon Escape asks players to read a
passage, and imagine they are about to write a summary of the passage. They must select
the best topic sentence for the summary. To pick the best topic sentence, participants must
locate and integrate the main ideas of the passage. Such integration may require further
reading comprehension skill than Adventurer’s Loot, which is why two main idea games
are included.

1.4. Current Study

The goal of the current study is to investigate the feasibility of using games for stealth
assessment of reading skills. Specifically, this study examines the predictive value of
three distinct games, namely one game that targets vocabulary knowledge and two games
that target main idea identification. We not only examine students’ performance in each
game individually, but also explore the value of combining performance data across all
three games. The goal is to assess the extent to which students’ performance in the three
games is indicative of their reading skills as measured by standardized reading tests.

In addition to game performance, we consider students’ subjective game experience.
Based on the literature regarding serious games [50–52], we expect that most students will
have overall positive attitudes toward playing the games. However, it is unknown whether
students’ game enjoyment will influence the validity of the stealth assessment. To that end,
we address the following research questions in this study:

1. To what extent does students’ performance in the three games predict their reading
skills (i.e., vocabulary knowledge and reading comprehension)?

2. Does students’ enjoyment of the games moderate the relations between game perfor-
mance and reading skills?

2. Methods
2.1. Experimental Environment: iSTART

The Interactive Strategy Training for Active Reading and Thinking (iSTART) is a
game-based intelligent tutoring system (ITS) designed to help students improve reading
skills through adaptive instruction and training. iSTART was developed based upon Self-
Explanation Reading Training (SERT) [53], a successful classroom intervention that taught
students to explain the meaning of texts while reading (i.e., self-explain) through the use
of comprehension strategies (i.e., comprehension monitoring, paraphrasing, predicting,
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bridging, and elaborating). The current version of iSTART includes three training modules
focusing on self-explanation, summarization, and question asking [54].

iSTART learning materials consist of video lessons and two types of practice: reg-
ular and game-based practice. Video lessons provide students with information about
comprehension strategies and prepare them for the practice. During the regular practice,
students complete given tasks, and the system provides immediate feedback on students’
performance. For example, when students generate a self-explanation on a target sentence,
the NLP algorithms implemented in iSTART automatically analyze the self-explanation and
provide real-time feedback. The feedback includes a holistic score on a scale of 0 (“poor”) to
3 (“great”) and actionable feedback to help students improve the self-explanation when the
score is below a certain threshold [55]. Studies that investigate the effectiveness of iSTART
indicate that iSTART facilitates both comprehension strategy learning and comprehension
skills [53,54,56].

2.1.1. iSTART Games

iSTART implements two forms of game-based practice to increase learners’ motivation
and engagement: generative and identification games [54,56]. In generative games, students
are asked to construct verbal responses such as self-explanations. NLP-based algorithms
assess these constructed responses to determine the quality and/or the use of specific
strategies. In contrast, identification games ask students to review short example stimuli or
prompts, and then to choose one or more responses that correctly identify strategy use or
follow from the prompts. For example, students might read an example self-explanation
and then indicate whether the excerpt demonstrates “paraphrasing” or “elaborating.” In a
vocabulary game, students may be given a prompt term and then must choose a correct
synonym from several choices. Importantly, alternatives typically comprise carefully
generated foils, such that incorrect answers are diagnostic of student misunderstanding.

iSTART games also include narrative scenarios and other challenges to further moti-
vate reading strategy practice. For instance, students are rewarded with “iBucks” during
gameplay, which can be “spent” to unlock additional game backgrounds or to customize
personal avatar characters [54]. In addition, students receive immediate feedback during
or after gameplay to support their self-monitoring and engagement [52]. For example,
in Showdown, students compete against a computer-controlled player to explain target
sentences in given texts. At the end of each round, the system evaluates students’ answers
and informs them of their performance (“poor”, “fair”, “good”, or “great”). Meanwhile,
the performance scores of students are compared with the computer-controlled player to
determine who wins the round (see Figure 1).

2.1.2. Adaptivity Facilitated by Assessments in iSTART

iSTART implements both inner-loop and outer-loop adaptivity to customize instruc-
tion to individual students. Inner-loop adaptivity refers to the immediate feedback students
are given when they complete an individual task, and outer-loop adaptivity refers to the
selection of subsequent tasks based on students’ past performance [57].

Regarding inner-loop adaptivity, the generative games utilize NLP (e.g., LSA) and
machine learning algorithms to assess constructed responses, and then provide holistic
scores and actionable, individualized feedback [55,56]. Within identification games, the
assessment of the answers matches students’ selection with predetermined answers. The
system then provides timely feedback including response accuracy, explanations of why
the responses are correct or incorrect, and game performance scores.

To further promote skill acquisition, iSTART complements the inner-loop with outer-
loop adaptations, which select practice texts based on the student model and the instruction
model. An ITS typically employs three elements to assess students and select appropriate
tasks: the domain model, the student model, and the instructional model [57–59]. The
domain model represents ideal expert knowledge and may also address common student
misconceptions. The domain model is usually created using detailed analyses of the
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knowledge elicited from subject matter experts. The student model represents students’
current understanding of the subject matter, and it is constructed by examining student
task performance in comparison to the domain model. Finally, the instructional model
represents the instructional strategies. It is used to select instructional content or tasks based
on inferences about student knowledge and skills. iSTART creates student models using
students’ self-explanation scores and scores on multiple-choice measures. The instructional
model then determines the features of each presented task (i.e., text difficulty and scaffolds
to support comprehension) using the evolving student model. For example, subsequent
texts become more difficult if students’ self-explanation quality on prior texts is higher.
Conversely, when students’ self-explanation quality is lower, the subsequent texts become
easier [54].
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Current adaptation facilitated by assessments in iSTART is at the micro-level. Specifi-
cally, the assessments are task-specific and may not transfer to the games implementing
different types of tasks. For example, students’ scores on self-explanation games may not
reflect their performance in question-asking games. As such, students’ self-explanation
scores are not leveraged to guide the adaptivity (e.g., learning material selection) in the
question-asking module. We anticipate that task-general assessments, such as reading
skill assessments, have strong potential to supplement current assessments to guide the
macro-level adaptation across modules.

2.2. Participants

Participants were 246 adults recruited on Amazon Mechanical Turk (an online plat-
form). Thirty-five participants were excluded from the study due to failing an attention
check, which resulted in the final sample of 211 participants (98 female, 113 male). In the
final sample, 77.2% of participants identified as Caucasian, 10.9% as African American,
6.6% as Hispanic, 4.3% as Asian, and 1.0% as another race/ethnicity. Participants were
37.2 years old, on average, with a range of 17 to 68. Most participants (81.5%) reported
holding a Bachelor’s or advanced degree.

2.3. Procedure, Materials, and Measures

Participants first responded to a demographic questionnaire, and then played three
iSTART games: Vocab Flash, Dungeon Escape, and Adventurer’s Loot. Game order was
counterbalanced. After every game, participants completed a brief questionnaire regarding
their enjoyment. In the final step of the study, participants completed the Gates–MacGinitie
Reading Test (GMRT), which included a vocabulary and a comprehension subtests.

Gates–MacGinitie Reading Test (GMRT). Participants’ reading skills were measured
by the Gates–MacGinitie Reading Test (GMRT) level 10/12 form S. The GMRT is an estab-
lished and reliable measure of reading comprehension (α = 0.85–0.92) [60], which comprises
both vocabulary and comprehension subtests. The vocabulary subtest (10 min) includes
45 multiple-choice questions that ask participants to choose the correct definition of target
words in the given sentences. The comprehension subtest (20 min) consists of a series of
textual passages with two to six multiple-choice comprehension questions per passage.
There are a total of 48 questions.

Vocabulary and reading comprehension skills were operationally defined as the total
number of correct answers on the vocabulary and reading comprehension GMRT sub-
tests, respectively.

Vocab Flash. In this game, students read a target word and must choose a synonym
out of four alternatives (i.e., one correct choice and three incorrect foils). Students are
allotted 5 min to respond to as many terms as possible. For each target word, students
are only allowed one attempt to select the answer. After students submit the answer,
they receive feedback that (a) indicates whether their answer is correct and (b) clearly
highlights the correct response. One key feature of the game is its adaptivity. The target
words are classified into nine different levels of difficulty based on their frequency rating in
Corpus of Contemporary American English (COCA) [61]. Uncommon words are typically
more challenging. The game begins with the easiest words and progresses to higher
levels of difficulty as students answer correctly. However, students can also return to
easier levels after repeated errors. As in computer-adaptive testing [62], students can
fluctuate between levels of difficulty, but more skilled students will generally encounter
more difficult items. Game performance in Vocab Flash was measured by the proportion of
correctly answered questions.

Dungeon Escape. Dungeon Escape is an iSTART game in which students are knights
trapped in a dungeon. The way to escape it is to earn points by selecting topic sentences
of given texts. Each student must complete six texts that are randomly selected from the
game’s science text pool. Four alternative sentences (i.e., one correct answer and three
incorrect foils) are provided for each text. Students are allowed multiple attempts for each
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question, and they proceed to the next text by selecting the correct answer. Performance
in Dungeon Escape was measured by the proportion of correct answers only in students’
first attempts, because students may potentially game the system (e.g., try all of the
answers sequentially).

Adventurer’s Loot. Adventurer’s Loot is an iSTART game in which students are asked
to discover the hidden treasures on a map by selecting the main ideas of given texts. There
are eight sites on the map, and each site corresponds to a specific text. Students can select a
site from the map to explore and work on the corresponding text. Students are allowed
multiple attempts on a text. The only way to proceed to the next text is by answering
the question correctly, namely, selecting all the main ideas. Importantly, the number of
correct answers (i.e., main ideas) in this game varies between texts. For the texts with
multiple correct answers, the incorrect answers may be missing main ideas or selecting
distractors. To be sensitive to different error types and potential user attempts to game the
system, d prime was used as the performance measure of Adventure’s Loot. It was based
on (1) the proportion of correctly identified main ideas in the first attempt, which was
computed using the number of correctly selected answers divided by the number of correct
answers, and (2) the proportion of incorrectly selected distractors in the first attempt, which
was computed using the number of incorrectly selected answers (i.e., selected distractors)
divided by the number of distractors. D prime was calculated using the z score of (1),
subtracting the z score of (2).

Game Survey. After each game, participants responded to six items pertaining to their
subjective game enjoyment. These questions were derived from measures implemented in
prior studies: (1) This game was fun to play; (2) This game was frustrating; (3) I enjoyed
playing this game; (4) This game was boring; (5) The tasks in this game were easy; and (6) I
would play this game again. Participants rated their agreement with these statements on a
6-point Likert scale ranging from “1” (strongly disagree) to “6” (strongly agree). Student
enjoyment of the game was operationalized as the average score of the six items.

2.4. Statistical Analyses

Internal consistency between survey items (i.e., reliability) was measured using Cron-
bach’s alpha calculated with the following formula:

α =
N × −

c
−
v + (N − 1)× −

c

where N = number of items,
−
c = mean covariance between items, and

−
v = mean item

variance. Two items “This game was frustrating” and “This game was boring” were reverse
coded before the calculation such that all of the items indicated positive attitudes toward
the games.

Hierarchical linear regressions were conducted to determine whether student game
performance and enjoyment predict reading test performance. More specifically, game
performance scores and enjoyment scores for each game (Vocab Flash, Dungeon Escape,
and Adventurer’s Loot) were used to predict vocabulary test scores and comprehension
test scores.

Finally, hierarchical linear regressions were conducted to examine whether partici-
pants’ performance and enjoyment combined across all three games were better predictors
of reading skills than performance and enjoyment of each individual game.

3. Results
3.1. Survey Item Internal Consistency

Cronbach’s alpha of the six survey items for Vocab Flash, Dungeon Escape, and
Adventurer’s Loot were 0.68, 0.73, and 0.82, respectively. A general accepted rule is
that alpha of 0.6–0.7 indicates an acceptable level of reliability, and 0.8 or greater a good
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level [63]. Therefore, the scores indicated acceptable to good internal consistency between
the survey items.

3.2. Descriptive Statistics of Predictor and Predicted Variables

Table 1 provides descriptive statistics of participants’ performance on the vocabulary
and comprehension subtests, as well as their performance and enjoyment scores for the
three games. Reading tests performance scores were calculated using the proportion
of correct answers in the subtests. Game performance scores were calculated using the
proportion of correct answers or the proportion of correct and incorrect answers, depending
on the game. Game enjoyment scores were calculated using the sum of participants’ ratings
on the game enjoyment survey. As is shown in Table 1, participants’ vocabulary and
comprehension test scores were strongly and positively correlated (r = 0.76). The correlation
between game performance scores and reading test scores were different for each game.
Students tended to enjoy playing the games, particularly Vocab Flash (M = 4.34). However,
the strength and direction of the correlations between game enjoyment and participants’
reading test scores varied between games.

Table 1. Descriptive statistics and correlations between predictor and predicted variables.

Measure M SD Vocabulary Comprehension VF
Correct

DE
Correct AL Correct AL

Incorrect
VF

Enjoyment
DE

Enjoyment

Vocabulary 0.43 0.29
Comprehension 0.36 0.22 0.76 **

VF Correct 0.48 0.24 0.76 ** 0.60 **
DE Correct 0.41 0.23 0.46 ** 0.50 ** 0.38 **
AL Correct 0.61 0.25 0.09 0.08 0.11 0.16 *

AL Incorrect 0.55 0.26 −0.27 ** −0.26 ** −0.21 * −0.07 0.67 **
VF Enjoyment 4.34 0.84 0.13 0.16 * 0.24 ** 0.07 0.03 −0.10
DE Enjoyment 4.11 0.99 −0.26 ** −0.23 * −0.13 0.00 −0.04 0.07 0.45 **
AL Enjoyment 3.75 1.16 −0.60 ** −0.52 ** −0.41 ** −0.38 ** −0.10 0.12 0.31 ** 0.63 **

Note. M = mean, SD = standard deviation, VF = Vocab Flash, DE = Dungeon Escape, AL = Adventurer’s Loot,
** p < 0.01, * p < 0.05.

3.3. Predicting Vocabulary Knowledge with Individual Game Performance

Using hierarchical linear regression analyses, we explored whether vocabulary test
scores could be predicted based on game performance and enjoyment for each game.
Game performance measures were entered as predictors in Model 1, and then both game
performance and enjoyment were entered as predictors in Model 2. More specifically,
performance measures refer to the proportion of correct answers in Vocab Flash, proportion
of correct answers for the first attempts in Dungeon Escape, and d prime scores for the
first attempts in Adventurer’s Loot (the calculation of d prime scores is introduced in
Section 2.3). Enjoyment refers to the sum of participants’ self-reported scores on the survey
items. As is shown in Table 2, participants’ performance in game Vocab Flash was a strong
predictor and explained 57% of the variance in their vocabulary test scores. Their enjoyment
of the game did not account for additional variance. For Dungeon Escape and Adventurer’s
Loot, participants’ performance scores were again significant predictors of their vocabulary
test scores. Their performance scores accounted for 20% of the variance in both games. The
additional variance explained by game enjoyment was higher in Adventurer’s Loot (24%)
than in Dungeon Escape (6%).

3.4. Predicting Comprehension Test Scores with Individual Game Performance

As with vocabulary, hierarchical linear regression analyses sought to predict compre-
hension test scores based on game performance and enjoyment for Vocab Flash, Dungeon
Escape, and Adventurer’s Loot. In Model 1, game performance was entered as the sole
predictor of comprehension test scores. Specifically, performance was measured by partici-
pants’ proportion of correct answers in Vocab Flash, proportion of correct answers for the
first attempts in Dungeon Escape, and d prime scores for the first attempts in Adventurer’s
Loot. In Model 2, both performance and enjoyment were entered as predictors of compre-
hension. For Vocab Flash, participants’ performance scores explained 36% of the variance in
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comprehension test scores, with enjoyment adding no extra variance. For Dungeon Escape
and Adventurer’s Loot (see Table 3), participants’ performance scores were significant
predictors, which accounted for 25% and 18% of the variance in the comprehension test
scores, respectively. The additional variance for which enjoyment accounted was 2% in
Dungeon Escape and 18% in Adventurer’s Loot.

Table 2. Regression analysis predicting vocabulary test scores with individual game performance
and enjoyment.

Variable Standardized
Coefficient t R2 R2 Change

Vocab Flash
Model 1 0.57 0.57 ***

Performance 0.76 16.68 ***
Model 2 0.57 0.00

Performance 0.77 16.46 ***
Enjoyment −0.05 1.07

Dungeon Escape
Model 1 0.20 0.20 ***

Performance 0.45 6.95 ***
Model 2 0.26 0.06 ***

Performance 0.45 7.20 ***
Enjoyment −0.25 −4.05 ***

Adventurer’s Loot
Model 1 0.20 0.20 ***

Performance 0.44 7.18 ***
Model 2 0.44 0.24 ***

Performance 0.31 5.72 ***
Enjoyment −0.51 −9.51 ***

Note. *** p < 0.001.

Table 3. Regression analysis predicting comprehension test scores with individual game performance
and enjoyment.

Variable Standardized
Coefficient t R2 R2 Change

Vocab Flash
Model 1 0.36 0.36 ***

Performance 0.60 8.86 ***
Model 2 0.36 0.00

Performance 0.60 8.49 ***
Enjoyment −0.01 0.16

Dungeon Escape
Model 1 0.25 0.25 ***

Performance 0.60 6.60 ***
Model 2 0.27 0.02 ***

Performance 0.48 6.36 ***
Enjoyment −0.17 −2.31 *

Adventurer’s Loot
Model 1 0.18 0.18 ***

Performance 0.43 5.69 ***
Model 2 0.36 0.18 ***

Performance 0.31 4.48 ***
Enjoyment −0.44 −6.27 ***

Note. *** p < 0.001, * p < 0.05.

3.5. Predicting Vocabulary Knowledge from Performance Combined across Games

In addition to the analyses examining each game separately, a hierarchical linear
regression was conducted to predict vocabulary test scores based on their performance
and enjoyment across all three games combined. The performance measures in Vocab
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Flash, Dungeon Escape, and Adventurer’s Loot were predictors of vocabulary test scores
in Model 1. More specifically, the predictors were participants’ proportion of correct scores
in Vocab Flash, proportion of correct scores of the first attempts in Dungeon Escape, and d
prime scores of the first attempts in Adventurer’s Loot. Participants’ performance in all
three games were significant predictors of their vocabulary test scores and explained 65%
of the variance. The explained variance was higher than that explained by performance
measures in any individual game. Model 2 predicted vocabulary test scores with both
performance and enjoyment scores in the three games. Game enjoyment scores added 9%
of explained variance in vocabulary test scores (see Table 4).

Table 4. Regression analysis predicting vocabulary test scores with combined game performance.

Variable Standardized
Coefficient t R2 R2 Change

Model 1 0.65 0.65 ***
Performance (VF) 0.65 12.84 ***
Performance(DE) 0.17 3.51 **
D-prime (AL) 0.16 3.18 **

Model 2 0.74 0.09 *
Performance(VF) 0.51 10.54 ***
Performance(DE) 0.08 1.66
Performance (AL) 0.11 2.55 *
Enjoyment (VF) 0.11 2.33 *
Enjoyment (DE) 0.03 0.50
Enjoyment (AL) −0.40 6.53 ***

Note. VF = Vocab Flash, DE = Dungeon Escape, AL = Adventurer’s Loot, * p < 0.05, ** p < 0.01, *** p < 0.001.

3.6. Predicting Comprehension Test Scores from Performance Combined across Games

A second hierarchical linear regression sought to predict comprehension test scores
based on participants’ game performance and enjoyment across all three games. Model
1 only included game performance measures in the three games as predictors. Results
indicated that the performance scores of all three games were significant predictors of
comprehension test scores and they accounted for 49% of the variance. Model 2 included
both game performance and enjoyment measures in the three games as predicting variables.
The significant predictors of comprehension test scores were participants’ performances
in Vocab Flash and Dungeon Escape and their enjoyment of Adventurer’s Loot. The
additional variance explained by game enjoyment beyond the performance scores was 6%
(see Table 5).

Table 5. Regression analysis predicting comprehension test scores with combined game performance
and enjoyment.

Variable Standardized
Coefficient t R2 R2 Change

Model 1 0.49 0.49 ***
Performance (VF) 0.43 5.86 ***
Performance (DE) 0.30 4.35 ***
Performance (AL) 0.18 2.59 *

Model 2 0.55 0.06
Performance (VF) 0.30 3.66 ***
Performance(DE) 0.20 2.77 **
Performance (AL) 0.13 1.90
Enjoyment (VF) 0.14 1.77
Enjoyment (DE) 0.01 0.10
Enjoyment (AL) −0.35 3.24 **

Note. VF = Vocab Flash, DE = Dungeon Escape, AL = Adventurer’s Loot, * p < 0.05, ** p < 0.01, *** p < 0.001.
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4. Discussion

In the current study, we investigated the feasibility of game-based stealth literacy
assessment using games from the iSTART ITS. Specifically, we explored to what degree
learners’ game performance and enjoyment in three games (i.e., Vocab Flash, Dungeon Es-
cape, and Adventurer’s Loot) were able to predict their vocabulary knowledge and reading
comprehension skills. In addition, we examined whether the associations between reading
skills and game performance were moderated by participants’ enjoyment of the games.

Our results suggest that game performance was predictive of participants’ reading
skills. Specifically, performance in Vocab Flash, Dungeon Escape, and Adventurer’s Loot
accounted for respectively 57%, 20%, and 20% of the variance of participants’ vocabulary
knowledge. The explained variance increased to 65% when the combined performance
of all three games was used as a predictor. Performance in Vocab Flash, Dungeon Escape,
and Adventurer’s Loot explained respectively 36%, 25%, and 18% of the variance of partici-
pants’ comprehension. The explained variance increased to 49% when using the combined
performance across all three games as a predictor. These findings demonstrate that student
performance in relatively well-designed reading games can provide valid measures of read-
ing skills. As such, reading games may be a viable alternative to standardized reading tests,
which can render the testing experience more enjoyable, motivating, and engaging [5,52,64].
Another benefit of using games for assessments is that students can be assessed during
gameplay, without being interrupted or feeling “tested”. This stealthy approach may
reduce test anxiety, and in turn increase the reliability of the assessment [18,19,65].

One approach to assessing reading skills in prior research has been in the context of
constructed responses wherein students generate self-explanations or essays. The linguistic
features of those responses were found to be indicative of students’ vocabulary knowledge
and comprehension skills, which suggests the feasibility of stealth reading assessment using
games that embed open-ended questions [26,27]. This study took a different approach by
focusing on games implementing multiple-choice questions. Notably, students are less
likely to consider the tasks to be multiple-choice questions because they are presented in
the context of games. Our results indicate such games can also provide a means to stealthily
assess reading skills, which complements the use of NLP methods for reading assessment.
In the context of serious games and ITSs, stealth assessment affords ways to evaluate
students’ literacy skills and update student models as they naturally interact with the
software. The stealth assessment of students’ reading skills can augment the macro-level
adaptation of ITS, such as guiding students’ practice across modules. For example, the
system may recommend students with lower reading skills to play more summarization
games, but direct students with higher reading skills to engage in more difficult practice
within the self-explanation module.

Another focus of this study was game enjoyment. Although participants tended to
enjoy the games, game enjoyment was associated with reading skills differently in the three
games. Reading skill and enjoyment of Vocab Flash were not correlated. However, reading
skill was negatively correlated with enjoyment of Dungeon Escape and Adventurer’s Loot:
participants who enjoyed these two main idea games more had lower scores on the reading
skills tests. This result supports the notion that those who are more likely to perform poorly
and potentially be frustrated or anxious during a traditional test are also more likely to
appreciate playing a game rather than taking a test. On the flip side, participants with
higher reading skills may have had more positive experiences taking and succeeding on
traditional tests, and thus had less appreciation for the games.

5. Conclusions and Implications

Literacy assessment is a key component of any effort to improve learners’ literacy or re-
mediate potential gaps in education. However, such assessments can be slow, disconnected
from learning experiences, anxiety-inducing, or boring. The results from this study imply
an important practical application as it provides a means to measure learners’ literacy skills
in real time via games. Stealth assessment via serious games can also inform adaptive
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instructional paths for students. Serious games and intelligent tutors may act as scaffolding
for less skilled readers to receive more personalized instructions to enhance their skills.
Furthermore, game-based assessment can replace traditional paper-based literacy measures,
which are decontextualized, cause stress and anxiety for test takers, and in turn negatively
impact the reliability of these assessments [66–68].

Notably, the games used for stealth assessment in this study were relatively simplistic.
Thus, our findings indicate that simple, relatively inexpensive games can be leveraged to
assess skills. Nonetheless, more elaborate, immersive games with comparable embedded
pedagogical features have strong potential to augment the power of stealth assessment.
Note that most participants in this study had Bachelor’s or advanced degrees. Future
research will involve a broader range of participants with respect to prior education, which
will enable assessment of the generalizability of current findings.
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Abstract: The aim of this paper is to present an approach that utilizes several mixed reality technolo-
gies for touristic promotion and education. More specifically, mixed reality applications and games
were created to promote the mountainous areas of Western Macedonia, Greece, and to educate visitors
on various aspects of these destinations, such as their history and cultural heritage. Location-based
augmented reality (AR) games were designed to guide the users to visit and explore the destinations,
get informed, gather points and prizes by accomplishing specific tasks, and meet virtual characters
that tell stories. Furthermore, an immersive lab was established to inform visitors about the region of
interest through mixed reality content designed for entertainment and education. The lab visitors
can experience content and games through virtual reality (VR) and augmented reality (AR) wearable
devices. Likewise, 3D content can be viewed through special stereoscopic monitors. An evaluation of
the lab experience was performed with a sample of 82 visitors who positively evaluated features of
the immersive experience such as the level of satisfaction, immersion, educational usefulness, the
intention to visit the mountainous destinations of Western Macedonia, intention to revisit the lab,
and intention to recommend the experience to others.

Keywords: augmented reality; virtual reality; location-based augmented reality; tourism marketing;
educational tourism

1. Introduction

Mixed reality (MR) is being increasingly used in many fields for research and commer-
cial purposes. Amongst these fields is tourism, where augmented reality is employed to
enhance the touristic experience and educate visitors through applications that combine
the promotion of destinations with education and entertainment. Hobson and William
stated in their study [1] that travel itself can be regarded as a secondary reality, where
tourists escape temporarily. Tourists often seek to escape into simulated experiences like
amusement parks (e.g., Disneyland), totally absorbed into new alternate realities [2,3]. It
can be argued that virtual and augmented reality (VR and AR) achieve similar experiences
where tourists are immersed in alternate realities [4].

AR and VR applications that combine entertainment and education are being utilized
to enhance the tourism experience and promote destinations. These applications can
intensify the “presence” of the visitor at a destination [5], and create memorable tourism
experiences through game elements such as challenges, rewards, competition, and role-
playing [6]. Furthermore, they can increase visitor knowledge and awareness about a
destination [7]. By experiencing such applications, the users can gain useful information
about a destination, such as its history and geography, the natural environment and its
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flora and fauna, tangible and intangible cultural heritage [8], transport information, and
gastronomy. Consequently, visitor satisfaction is enhanced [9], and that in turn has a
positive impact on the destination’s sustainability [10].

Augmented reality adds a digital information layer to the real world. Augmented
reality (AR) applications are situated closer to the left end of the virtuality continuum as can
be seen in Figure 1, where real environments lie on the left end and virtual environments on
the right end. This space between the two ends contains various levels of mixing between
virtual and real-world elements and is known as mixed reality [11].
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Researchers and academics have proposed various definitions for AR [3]. One of the
first definitions encountered in the literature was proposed by Azuma in 1997 [12], who
defined AR as 3D objects integrated into a 3D real environment in real-time, highlighting
three characteristics: (a) a combination of real and virtual, (b) interactive in real-time, and
(c) registered in 3D. However, this definition does not encompass all the contemporary
variations of augmented reality, and it is more aligned with image-based AR where specific
images are needed to register the position of the 3D objects in the real environment [13].
The incorporation of Global Positioning Sensors (GPS) in mobile devices has opened new
venues for augmented reality, resulting in a new subset of AR, the location-based or location-
aware AR [14]. Location-based AR applications relying on the geolocation capabilities of
mobile devices can present to users context-sensitive digital information that is related to
their surroundings [3,13,15]. This section will further discuss the terms image-based (or
marker-based) AR and location-based AR.

Given that AR, in the years to come after the first definition given by Azuma, evolved
to include a variety of applications that blend real and virtual information, a broader and
more encompassing definition of AR was needed [16]. By the end of the 2000 decade, many
studies presented AR location-based applications that integrate different forms of digital
information within real-world settings, such as videos, images, audio, and texts [15,17].
The present study focuses on mobile location-based AR applications and coincides with the
broader definition provided by Fitzgerald et al. [16], which defines AR as including “the
fusion of any digital information within real-world settings, i.e., being able to augment one’s
immediate surroundings with electronic data or information, in a variety of media formats
that include not only visual/graphic media but also text, audio, video and haptic overlays”.

Augmented reality can be achieved through wearable and non-wearable devices.
Wearable devices include headsets and helmets, such as Microsoft HoloLens, Apple Vision
Pro, and Magic Leap and non-wearable devices include mobile devices (smartphones,
tablets, etc.) and stationary devices (TVs, PCs, etc.) [18]. Wearable devices are far more
expensive than mobile devices, which is why mobile AR applications have played an
important role in the significant popularity AR has gained over the last decade.

Quite a few categorizations have been presented throughout the evolution of AR, and
one of these is based on the technologies that enable the AR experience (i.e., wearable
and non-wearable devices) while another is based on the way that the digital content is
triggered. In this categorization, we have marker-based, markerless, and location-based
augmented reality.

Marker-based AR (or image-based AR) works by scanning a marker that triggers an
augmented experience. Markers can be images such as drawings in art museums, street
signs, and book pages, as well as real-world objects like statues and bridges. When a
marker is viewed through the lens of a mobile device camera or an AR head-mounted
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display, it will activate digital content. The digital layer of information that superimposes
the real world can come in many multimedia forms, such as text, images, videos, sound,
3D models, and 2D and 3D animations.

On the other hand, in markerless AR, digital content is chosen by the users and
overlaid on physical surfaces on demand (floor, table, etc.). Finally, location-based AR
applications, which can also be considered a type of markerless AR, present digital media
to users when they reach specific locations as they move through the physical world.
In these applications, GPS sensors constantly track users’ location. Location-based AR
has experienced significant growth after the advent of two popular augmented-reality
location-based games, namely Pokémon Go and Ingress, created by Niantic in 2014 and
2016, respectively.

Location-based augmented reality games are currently used in several fields, such as
entertainment, education, marketing, and tourism. An application can also be used to fulfill
more than one purpose. For example, location-based AR games designed for tourism can
be used to entertain tourists when they visit a destination, but at the same time, it can also
educate them about various aspects of the destination, such as the cultural heritage and
history of the place as well as aspects regarding its natural environment (e.g., mountains,
rivers, wildlife). Having an experience that combines entertainment and learning about a
destination is something that many tourists are looking for today, as acquiring new skills
and learning something valuable while traveling is a current trend in tourism, which is
especially popular amongst the representatives of Generation Y [19]. Location-based AR
games attempt to create a deeper level of engagement between the users and the destination
through an experience that combines educational entertainment, storytelling, personalized
features, and social interaction [20].

Educational tourism (Edutourism) has been a trend in the global tourism industry for
quite some time [21,22]. The main purpose of educational travel is to obtain knowledge and
experience on certain topics rather than just enjoying the travel experience. Furthermore,
AR and VR through wearable headsets can also promote destinations and educate indi-
viduals about these destinations before, during, and after their visit. Overall mixed reality
(AR and VR applications) can be a significant asset in tourism marketing and educational
tourism [23].

This paper aims to present a holistic approach that utilizes mixed reality technologies
(AR and VR) to promote mountainous areas of Western Macedonia, Greece. Western
Macedonia is a region in Greece with high unemployment rates, a region that could benefit
economically from an increase in tourism. Furthermore, although mountainous regions
possess exceptional beauty, they receive less tourism than other destinations in Greece,
which are located near the sea.

This initiative is part of a broader project called Agrotour (the Agrotour project,
https://agrotour.uowm.gr/, accessed on 10 September 2023), which aims at enhancing
research and development in many areas that could strengthen the economy of Western
Macedonia, such as agrotourism, smart farming, stock raising, bioeconomy and agri-food,
new technologies in farming, etc.

The applications that have been developed include gamification features and aim at
enhancing the travel experience by entertaining and educating the visitors.

More specifically, the paper aims to present the following:
(a) The methodology that was followed for identifying destinations in the mountainous

regions of Western Macedonia that could benefit from touristic promotion.
(b) Three location-based applications with gamification features. Through these appli-

cations, the users visit places, and experience multimedia content when certain locations
are reached. Users also gather points, virtual objects as well as prizes when certain tasks
are accomplished. Various technologies have been used for developing these applications,
which will be described in detail. Furthermore, by presenting these applications and the
methodology followed to create them, the paper also aims to provide ideas and, to a certain
degree, technical information for those wishing to develop similar applications.
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(c) A mixed reality lab where visitors can experience 3D, virtual, and augmented
reality content related to the mountainous areas of Western Macedonia, Greece. Many
visitors have visited the lab so far, and the paper will also present evaluation results from
these visits.

The contribution of this study to the existing literature is the presentation of a holistic
approach that utilizes a range of AR and VR technologies in combination for touristic
promotion and education. These technologies include augmented reality location-based
games, an AR mobile application with virtual guides that combines location-based and
image-based AR, and an immersive lab with content that can be viewed using virtual and
augmented reality headsets as well as content that can be viewed through stereoscopic
monitors. The equipment for producing the content for these devices is also presented. It is
worth mentioning that most of the research initiatives encountered in the literature focus on
specific applications that are either VR or AR rather than several AR and VR technologies
that are used in combination. This is evident from literature reviews [3,24] that examine
both VR and AR applications in tourism. For example, in the critical review by Wei [24]
amongst the 60 papers that were retrieved and reviewed, 33 concerned VR, 25 AR, and
only 2 combined both technologies.

Furthermore, this paper briefly presents how mobile AR games for educational tourism
can be developed using an open source platform that is accessible and user-friendly to
everyone who is interested in developing similar applications. This development platform
is Taleblazer, an AR platform developed by MIT, a platform that is suitable also for people
with no prior experience in programming. Therefore, it is expected that the paper will also
provide ideas and guidance to people who do not have technical expertise and who are
interested in developing location-based games for educational purposes.

Another contribution of this initiative is the use of the emerging generative artificial
intelligence (AI) platforms for rapidly producing animated content for AR applications.
More specifically, virtual talking characters were created and embedded in one of the mobile
AR applications. Such a task typically requires both time and expertise, but generative AI
tools can aid in producing such content fast and without any particular skills.

2. Related Work

There are many initiatives where virtual and augmented reality are used to enhance
the destination experience by entertaining and educating the public. In order to spot
these research initiatives, the literature was explored by searching Scholar Google and
by conducting a bibliometric analysis using VOSViewer 1.6.20 [25] and publications from
Scopus. The keywords used were virtual reality and augmented reality in tourism research.
However, more focus is given to AR and more specifically location-based AR since a large
part of the current paper concerns location-based augmented reality in tourism.

Starting from various initiatives that concern location-based AR games, the authors
in [19] analyze how gamified augmented reality experiences impact tourist attractiveness.
Their study focuses on the city of Bydgoszcz, which lacks the most popular attributes of
sun, sand, and sea, a similar case to the Western Macedonia region in Greece. Their research
aimed to analyze the potential of increasing the number of visitors in the city by creating a
location-based AR game. The authors also explored whether the game created a memorable
experience for the visitors, an experience that would bring them back to the city. The
responses received using a survey led to the conclusion that a location-based mobile game
using gamification techniques and AR is a memorable experience, and the development
of such a game and its introduction on the market would increase the potential of foreign
tourism in the destination.

The authors of [7] research through Structural Equation Modeling (SEM) the impact
of location-based AR games on the users’ intentions to visit a touristic destination, the
role that gained knowledge plays in the experience, and factors driving the adoption of
AR games. The study revealed that knowledge gained during gameplay has a statistically
significant impact on intentions to visit.
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To promote film-induced tourism in Macau, China, the authors of [26] proposed an AR
application called “IfilmAR-tour-APP”, which is a location-based AR mobile tour system
related to film characters. The application provides film-related information (e.g., film
shooting sites and transport to the attractions) as well as emotional attachment with film
celebrities. Macau is a place where many film productions take place and this application
is intended for tourists that visit film sites.

Location-based AR games are also used extensively in cultural heritage communication
and education as this field holds an important role in tourism since many tourists are
interested in exploring the history and cultural heritage of the places they visit. Heritage
tourism is primarily concerned with the exploration of tangible (material) and intangible
(immaterial) remnants of the past [27].

In the recent literature, there are many examples of initiatives that utilize the power of
AR to present information regarding the history and cultural heritage of a destination.

For example, in [28], a mobile application called Korat Historical Explorer was devel-
oped and evaluated. Korat is the largest province in Thailand with many historical sites
including more than 2000 temples. The application has three important AR usage modes
consisting of (1) an AR map mode used for looking at the map in the form of print media
to display 3D simulations of 10 tourist attractions in Korat, (2) AR landmark mode used
for viewing actual objects in their actual locations such as ancient art paintings and mural
paintings to view relevant 3D images, and (3) AR direction mode used for leading the user
to the important points of the tourist attractions.

Museums and archaeological sites are also entities that employ AR to transmit infor-
mation in a more engaging way. In these initiatives, when the user gets close to certain
locations, the real environment is enriched with digital information, which can be in many
multimedia forms such as text and sound, digital stories, animations, 3D reconstructions of
monuments, etc.

For example, in [29,30], the researchers explored the enhancement of the visitor experi-
ence in outdoor archeological sites and indoor museums with the use of augmented reality
technology. These AR applications managed to educate a broad and non-specialized audi-
ence with historical and archaeological content in the form of 3D virtual reconstructions.
The visitors of these archaeological sites and museums may visualize these reconstruc-
tions by looking through the camera lens of their mobile devices at specific targets of the
real world.

Jiang et al. [31] examined the efficacy of AR for enhancing the memorability of tourism
experiences (MTE) at the heritage site of the Great Wall of China, using a smartphone
app, equipped with four interrelated AR heritage tourism experiences. In [32], an AR
location-based application that added a layer of 3D models of historical buildings in the
real world was created. The 3D models presented how these constructions were in their
past state. The authors of [33] developed an AR game called “The buildings speak about
our city”, which is a combination of location-based and marker-based augmented reality.
The game aims to motivate primary school students to discover the buildings of tobacco
warehouses in a city in western Greece, which have historical, architectural, and cultural
value, and explore their relationship with the city’s economic and cultural development.

Location-based AR can also be utilized in interior spaces (e.g., museums) where GPS
signals are absent with the use of beacons and other tracking devices [30,34].

Furthermore, AR location-based games often harness the power of storytelling to
transform an AR tour into a more exciting and engaging experience. Storytelling is known
to be a powerful communication method. Storytelling is deeply embedded in human
learning, as it provides an organizational structure for new experiences and knowledge [35].
People can mentally organize and memorize information better if it is communicated
through stories. Any advancements in media technology that enable people to convey
stories in new and innovative ways can have a profound impact. Storytelling is also an
effective method of education and instruction. Stories can contain lessons, codified bits of
wisdom that are passed on in a memorable and enjoyable form [36].
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One of the earliest attempts of AR location-based games that utilize storytelling to
entertain and educate tourists is REXplorer [37], an application created for tourists visiting
the town of Regensburg, in Germany. REXplorer players encounter virtual characters and,
more specifically, spirits of historical figures during gameplay. These virtual characters
relate to historic buildings. The AR game aims to make the task of learning history a fun
process. The spirits interact with the users, prompting them to go on quests at specific
locations within the city center. By performing these quests, the players indirectly explore
the historical city center and learn history in an entertaining and engaging way. Of course,
there are also plenty of recent examples where AR and storytelling are jointly utilized in
tourism to educate the public about a place’s history and cultural heritage [38,39].

Furthermore, since this paper also utilizes virtual reality (VR), it is worth mentioning
that there have been many studies in the past that research the effects of VR technologies
in tourism promotion where it has been documented that VR can be used to promote a
destination by generating a sense of presence. For example, in [40], the authors present
an AR/VR application that presents and promotes shore excursions on cruise ships. The
study investigated the effectiveness of different media—head-mounted display (HMD)
or computer—used to view 360-degree tourism promotional videos as well as the impact
of different information sources featured in a VR tourism video on destination image
formation and intention to visit. The findings of many studies suggest that virtual reality
can be an effective medium for tourism promotion (e.g., [40,41]).

The idea of “virtual portals” is presented in [42] for outdoor archaeological sites.
“Virtual portals” is an idea inspired by many TV series, movies, and video games. Through
these portals, the users perform transfers (or jumps) between the real world, AR, and VR
reality. The authors explored the possibilities of a mixed reality that contains “shortcuts”
(virtual portals) for performing “time travels” to bring the user from the real environment
of the present to the virtual environment of the past.

And there are many more examples where VR is utilized for tourism promotion and
such examples can be found in related literature reviews (e.g., [3,43,44]). Yung and Khoo-
Lattimore [3] provide a systematic literature review on virtual reality and augmented reality
in tourism research, while other reviews focus on either the use of VR or AR in tourism
exclusively. For example, Beck et al. provide a state-of-the-art review on virtual reality in
tourism [44], Theodoropoulos and Antoniou [43] provide a systematic review of VR games
in cultural heritage, while Jingen and Elliot provide a systematic review on AR in tourism
research [45]. In the Yung and Khoo-Lattimore review [3], virtual worlds were the most
common focus (39% of the studies), and all studies of virtual worlds were based on the
Second Life virtual world. The most common focus was studying the destination marketing
potential of Second Life. Furthermore, the applications used for the enhancement of the
touristic experience were exclusively AR applications. The authors argue that this could
be explained with the higher mobile nature of AR when compared to VR, which typically
demands the user to be stationary and requires more processing power. Similarly, Moro,
Rita, Ramos, and Esmerado argue in their study [46] that although both AR and VR are
progressively becoming more common in tourism experiences, VR is commonly designed
as the basis of an experience, whilst AR is used to supplement an existing experience. In
the study of Roman et al [47], more than 87% of the respondents that took part in a survey
believed that VR tourism cannot substitute real-world tourism in the long run. However,
the authors argue that VR tourism will be more beneficial for the citizens of developing
countries who face difficulties in traveling to developed countries due to economic as
well as other reasons (e.g., visas). Furthermore, virtual sightseeing may also constitute an
alternative for people who cannot travel due to disabilities or other health conditions.

Moreover, the authors of [45] claim that while virtual reality might be a threat to travel
and tourism as a potential substitute, augmented reality allows users to interact with the
real environment that could potentially enhance visitors’ experience. On the other hand,
one of the findings of the Beck et al. literature review on virtual reality in tourism [44] is
that research in this field has most commonly examined the pre-travel phase, using VR
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as a marketing tool for promotion and communication purposes and therefore end up
investigating variables such as travel planning, behavioral intentions, or attitude. Study
results suggest that VR, regardless of whether it is non-, semi-, or fully immersive, can
positively influence the individual motivation to visit a place. Similarly, several studies that
were analyzed in the review conducted by Yung and Khoo-Lattimore [3] found that the
engagement and involvement participants felt when interacting with VR led to increased
positive feelings toward the destination (e.g., [48–50]).

At this point, it has to be said that initiatives that combine both AR and VR are rather
rare. The ArkaeVision project [51] is such an example that utilizes both AR and VR but
also storytelling and gamification. More specifically, ArkaeVision introduces a game-like
exploration of a 3D environment, virtually reconstructed, with elements of digital fiction
and engaging storytelling, applied to two case studies: the exploration of the Hera II
Temple of Paestum with virtual reality (VR) technology, and the exploration of the slab of
the Swimmer Tomb with augmented reality (AR).

As far as education in tourism context is concerned, findings are contradicting amongst
studies. In [44], it is stated that VR research in tourism in an educational context is rare,
and there is a need for such VR applications. On the other hand, in the systematic review
conducted by Yung and Khoo-Lattimore [3], VR and AR research in tourism education is
found to be the second most common category.

3. Materials and Methods

As mentioned in the introduction, this study aims to present an approach that utilizes
a range of mixed reality technologies (AR, VR, and stereoscopic technologies) for promoting
mountainous areas of the region in Western Macedonia, Greece, areas that do not benefit
from tourism as much as other places in Greece that are located near the sea. Furthermore,
the mountain locations and villages of Western Macedonia may also be missed by tourists
since more known places, such as the four municipality cities of the region (Kozani, Kasto-
ria, Florina, and Grevena) are bound to attract the largest percentage of tourists visiting
the area. Thus, the project’s mission is the promotion of the mountainous destinations
through mixed reality applications and games that would present to the visitors the most
interesting locations and educate them about their history, cultural heritage, and the natural
environment.

The project has four phases: Phase (1)—identifying the mountainous villages and
sites of historical, cultural heritage and natural environment interest that can be part of
application scenarios (AR games and mixed reality experiences), Phase (2)—designing
and developing AR games that will intrigue users to visit the places, and learn impor-
tant information about the areas, Phase (3)—creating an immersive lab for destination
promotion and education, a lab where visitors can experience mixed reality content, and
Phase (4)—evaluating the approach.

Regarding the first phase, the places that would be included in the augmented reality
games would have to be identified. Western Macedonia is a region in the northwestern
part of Greece that consists of 4 prefectures, Kozani, Grevena, Kastoria, and Florina. This
large region has 486 cities, towns, and villages. Thus, the places and tasks that would be
included in the AR game scenarios needed to be methodically determined. To select the
places in the mountainous areas, a ranking method was developed that is based on data
extracted from the relevant Wikipedia page articles for each of the 486 destinations. Page
views were used as an indicator of the attractiveness of the destination and thus these were
collected for candidate places during the same period of approximately a month’s time
(3 February 2022 until 2 March). Additional data related to altitude, population, and type
of destination were also collected. The method provided an initial selection of mountain
locations that are in the top ranks of the 486 destinations.

Three AR applications/games have been developed in order to prompt the users to
visit a number of destinations in the region, and to educate them about different aspects of
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the destinations, such as historical facts, cultural heritage (monuments, etc.), the geography,
and the natural environment.

To decide on the technologies that would be used for creating the AR games, the
related literature as well as websites with software solutions or software reviews were
investigated. It is worth mentioning that members of the project team have investigated
authoring tools in the past, and performed a comparative analysis between tools, and the
results of this research are presented in a previous publication [52]. Members of the team
also created AR educational games for cultural heritage and evaluated the impact of these
games [53–55].

Therefore, drawing from past experience, two of the AR games were built using
Taleblazer http://taleblazer.org/, accessed on 1 September 2023), an open platform for de-
veloping location-based AR games for outdoor and interior spaces. Taleblazer is a product
of the Massachusetts Institute of Technology (MIT). Taleblazer has a visual block-based
programming environment similar to Scratch, a well-known product of MIT for introduc-
ing young children and novices to the basics of algorithmic thinking and programming.
Furthermore, Taleblazer produces AR games that are available on both Android and IOS
mobile devices.

Taleblazer was chosen for its simplicity in rapidly creating AR educational location-
based games. As already mentioned, Taleblazer is suitable for people with no programming
experience as long as they are willing to learn the basics of programming through the
visual blocked-based programming environment that is suitable for beginners. Thus, the
applications developed in this study can act as an example to people who wish to create
similar games.

In these applications, the users are prompted to visit locations, be educated about
these locations through information in multimedia form (text, images, and videos), answer
questions, gather points and virtual objects, and receive prizes. The first application covers
the whole region of Western Macedonia, and the second one the prefecture of Kastoria
where the Digital Media and Strategic Communication laboratory of the Department of
Communication and Digital Media is situated.

However, although Taleblazer can produce reliable location-based games, there are
some features that cannot be achieved through this online platform. One of the features
that cannot be achieved is augmentations that can be seen through the lens of the cameras
of mobile devices (e.g., 3D graphics and animation). This feature is quite popular in AR ap-
plications and games, and it is amongst the features that impress users the most. Therefore,
to overcome the lack of this feature in the first two applications, a third application was
also created. The third application is a mobile application for Android devices developed
using Android and ARCore (https://developers.google.com/ar, accessed on 1 September
2023) SDKs.

These SDK solutions were chosen for creating the third application, which would
also incorporate 3D graphics and animation augmentations. This application utilizes
both location-based and image-based AR. In the same fashion as the other two games,
the users are prompted to visit places and get informed about the history and cultural
heritage of these places. However, this time, information is often delivered through virtual
characters. These are characters that act as guides for providing information to the tourists
but also important historical figures that have lived in the region and characters from Greek
mythology that come to life to tell stories to the users.

As mentioned in Section 2, storytelling is a powerful communication medium that has
also proved to be efficient in AR location-based projects [36]. A certain procedure using
generative AI online tools was followed to produce these virtual characters. To create such
multimedia content in the past would require expertise and time. Today, these AI platforms
can be used to create multimedia content quickly and easily. This work also contributes to
the literature by presenting how such tools are utilized in the rapid development of content
for AR applications.

A usability test was carried out for the mobile applications to test their functionality.
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A mixed reality lab was also established for the purposes of the project consisting of VR,
AR, and stereoscopic devices, as well as content to be viewed with these devices. The lab
was equipped with 3D stereoscopic monitors, and VR and AR headsets. More specifically,
the lab consists of one 3D TV where content can be viewed through 3D polarized glasses,
an auto stereoscopic monitor for viewing 3D content without glasses, and plain 2D videos,
two VR headsets, and an AR headset. To produce content for these devices, a 3D camera
and a 3D 360◦ VR camera were used. Three-dimensional models were also built for the AR
headset using an open source 3D computer graphics software tool.

The AR applications and the immersive lab were promoted through social media and
the local press. Furthermore, a national TV channel dedicated a short broadcast on the lab
and the staff involved in the project.

At this point, it is worth mentioning that several students from the Department of
Communication and Digital Media worked on the project and contributed to the production
of the deliverables.

The lab experience was evaluated through a questionnaire with various Likert scale
items that assess aspects such as user satisfaction, level of immersion, educational use-
fulness, intention to revisit, and intention to recommend the experience to other people.
In total, 82 individuals completed the questionnaire right after the experience and the
evaluation results are presented in Section 7.

4. Creating AR Location-Based Games Using Taleblazer

Taleblazer is an online platform that is becoming increasingly popular for creating
AR location-based games. An advantage of this platform over other solutions is its user-
friendly developers’ environment (Figure 2). The block-based programming environment
is similar to Scratch, another famous product of MIT. Taleblazer was chosen as an authoring
tool for developing these applications for two main reasons that are listed below:
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Figure 2. Taleblazer’s visual block-based programming environment.

(a) Taleblazer is a low-code authoring tool that does not require advanced program-
ming expertise. Therefore, it is suitable for many people who do not have development
experience and would like to create AR location-based applications as long as they are
willing to get acquainted with a programming environment that is similar to Scratch. It is
anticipated that this paper will also provide ideas and some technical tips for many people
who would like to create similar applications but do not have programming experience.
Furthermore, Taleblazer can achieve every functionality required using a location-based
application apart from image-based augmentations that appear in the real environment
through the camera lens of the mobile devices. Since this is a feature that most people
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expect from an AR application, a third application using different tools was also developed,
to provide this feature amongst others. This application will be covered in the next section.

(b) As mentioned in Section 3, members of the research team conducted a comparative
analysis in the past [52] between low-code and no-code authoring tools for developing
AR location-based applications, and Taleblazer proved to be a more suitable tool amongst
other solutions such as ARIS and Metaverse Studio. Research team members have also
developed several applications using this platform [53–55], so there is now substantial
experience in building applications with Taleblazer.

In this initiative, two applications were created with the aim to gamify the travel
experience of tourists visiting the region of Western Macedonia, Greece. The applications
are called “Treasures in the mountainous areas of Western Macedonia” and “Mountainous
destinations of Kastoria”. The second application concentrates on the prefecture of Kastoria,
where the Department of Communication and Digital Media is situated.

In the scenario of the game “Treasures in the mountainous areas of Western Macedo-
nia”, the users are presented with interesting destinations that can be visited during their
stay in the area. On the Taleblazer map, these destinations are depicted with stars and
diamond icons (Figure 3). The most significant places are depicted as stars. The visitor is
prompted to visit at least four places, two of which would have to be “stars”, in order to
receive prizes. Points are also gathered during the visits.
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Figure 3. Destinations are depicted with star and diamond icons. The users have to visit four places
(two of which must be stars) in order to receive prizes.

The prizes that the players will receive if they complete the mission of the game are
souvenir gifts from a local store that has agreed to cooperate with the Digital Media and
Strategic Communication lab for this project and special mixed reality content that can be
viewed during a visit to the immersive lab. It is worth mentioning that the game does not
end when the four places are visited. The player can continue to visit places, get informed
about these places, and gather even more points.

130



Computers 2023, 12, 227

The users of the applications are guided to the destinations through the Google
Map API (in the same manner as the Google Map mobile application), which has been
incorporated into Taleblazer. The icons shown at the bottom of the application (Figure 3)
can enable Google Map navigation when clicked.

The basic elements of the Taleblazer programming environment are “Regions” and
“Agents”. Regions are the physical areas on the map where the game (or tour) will evolve.
Using a selection tool, the designer can determine the game’s region on a digital map. After
the region is set, “Agents” can be introduced (Figure 4). Agents are multimedia elements
associated with GPS locations and are activated when a learner “bumps” into these locations
(Figure 4). This multimedia content can be in the form of images, multiple-choice questions,
sounds, narration, and video.
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Figure 4. Regions and agents. The stars and diamonds depict Agents. Multimedia content is activated
when the user reaches these GPS locations. The red dot is the user’s position.

Two kinds of maps can be used in Taleblazer. The designer can either choose to utilize
the Google Map API for user navigation or custom maps, that is, maps created by the
designer (e.g., with image editing tools). Custom maps are very useful in small areas that
can be walked on foot as well as applications for indoor spaces. With custom maps, the
designers can also add their own details to a map. If custom maps are used, the designer
would have to match the real-world locations with the custom map locations. However, for
the applications of this initiative, the Google Map API would have to be used since the game
would evolve in a large geographical area. The users would have to reach the destinations
by vehicle and the Google Map API functionality that is embedded into Taleblazer is more
suitable in this case to guide them on this tour.

To experience the application, the users would have to download Taleblazer from
“Google Play” for Android mobile devices or the “App Store” for IOS operating systems,
respectively, and then insert the unique code in the “Game Code” tab to install the game.
The game codes of both applications are included in the webpage that was designed for
distributing the two applications (the application webpage: https://dmsclab.uowm.gr/
projects/serious-games/, accessed on 1 September 2023).

When the user reaches a point of interest (that is, when the blue dot of the user gets
close to a star or diamond icon), informative multimedia content in the form of text and
images is activated. This content appears on the screen of the mobile device, and the
users are also often prompted to observe their surroundings (e.g., a bridge, church, etc.) to
answer a multiple-choice question. Feedback is then given to the users by telling them if
the answer is correct and by giving them more detailed information regarding the question
topic (Figure 5). If the answer is correct, then a point is also given as a reward.
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Figure 5. Indicative questions and answers.

In some places, the users are also prompted to watch short videos with information re-
garding the destination or to visit a webpage via a link that is included in the informational
text. If the user decides to follow a link to a webpage, then this webpage is opened within
the Taleblazer environment.

The visited places can be viewed at any time in the History tab, and the points gathered
in the Points b. tab. Virtual objects (stars and diamonds) are collected in the Inventory tab
(Figure 6).

The second AR game “Mountainous Destinations of Kastoria” is similar to the first
one. In this game, the users are prompted to visit interesting places in the Prefecture of
Kastoria, which is part of Western Macedonia. Again, four places would have to be visited
in order to receive prizes. The places were equally important this time, so there were no
stars or diamonds (Figure 7).

In both applications, when the users visit four of the places on the map, they receive a
message telling them that they have succeeded and that they can now visit the immersive
lab to have a mixed reality experience, and a local store in order to receive souvenir gifts.
The red and yellow dots that appear on the application map when the task is accomplished
indicate the locations of the immersive lab and the local store, respectively (Figure 8). The
users can either choose to go directly to the lab or to the local store to receive their gift or
to continue to visit other places and leave their visit to the lab and store for a later time.
The users who managed to fulfill the games’ mission will be able to receive the prizes by
showing the places visited in the History tab or the virtual objects collected.
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5. Creating an AR Application for Tourism Using AR SDK and Generative AI
Multimedia Production Tools

As mentioned in Section 3, a third application was also created to introduce some
engaging content through augmentations that appear through the camera lens of mo-
bile devices. The name of the application is “Virtual Guide for mountainous areas of
Western Macedonia”.

This application is independent of the AR games described in the previous section and
can be used alone or in conjunction with these games. The purpose of this application is to

(a) educate the users about the mountainous areas of Western Macedonia. The infor-
mative material of the application can be viewed at any time (e.g., before, during, or after
the visits to the mountainous areas).

(b) entertain the users while they are visiting the places through virtual characters that
provide information and tell stories. This content can only be viewed when the users are at
specific locations.

Using this application, the users can be guided with Google Map API to visit places
in the four regional units of Western Macedonia, Kozani, Kastoria, Florina, and Grevena.
When starting the application, the first screen is a menu with image buttons for the four
regional units plus an image button for the Department of Communication and Digital
Media. By pressing any of the buttons, the user is forwarded to another menu with image
buttons of the most known locations in each regional unit that are situated in mountainous
areas (Figure 9). The snapshot images of the application in Figure 9 were edited to include
English labels. The locations are mainly villages and places of historical and cultural
heritage interest. It is also worth saying that this application contains some interesting
mountainous paths. Tourists of the area can use the applications as a guide to walk
these paths.
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audio files from text (Figure 10).  

Figure 9. Snapshots from the Virtual Guide for mountainous areas of Western Macedonia.

By choosing any of the location buttons, a new screen is presented with information
about the selected point of interest, and this information can be related to its history,
geography, economy, demography, or natural environment. This information is mainly
in textual form, but the application also includes narration so that the user can hear the
information rather than read it. Google’s text-to-speech service is used for obtaining mp3
audio files from text (Figure 10).

Several images are also included for each location, together with information in text
and audio form. Furthermore, a link to a webpage that contains more information and a
link to an informative video is typically included for many locations. The user is also given
the option to view locations with Google Street View within the application. Some interior
spaces, such as museums, are also available in Street View. For example, in the application,
users can view in the 360◦ mode the house of Pavlos Melas, an important historical figure
of the past (Figure 11).

A difference between this application and the applications described in the previous
section is that the users can experience a large part of the application content remotely
and without visiting the places indicated. However, if they decide to visit the places, they
are given the option to be navigated to these places via the Google Map API embedded
in the application. Moreover, they will be rewarded with augmented reality storytelling
experiences if they decide to visit these places. More specifically, through the application,
the users are informed about AR spots that exist in many locations. These AR spots are
image-based markers that activate multimedia content. In many cases, this multimedia
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content is virtual characters that provide information or tell a story. As already mentioned
for these augmentations, the AR core SDK was used together with the Sceneform API for
inserting digital objects such as video and gITF (GL Transmission Format) 3D models into
the real world.
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For example, when the users get to a specific location in the village of Klisoura with
the aid of the application, they are prompted to look for a specific street sign. When they
find the street sign and view it through the camera lens of the application, a virtual guide
appears and gives information about the village (Figure 12). This information is delivered
with voice narration.

Similarly, in the village of Nimfeo in the regional unit of Florina, the users are guided
to a specific location where they are asked to look for a sign. Nimfeo is also known for the
Arctouros refuge for bears. This is a refuge for bears that were born or spent a long time in
captivity and can no longer survive on their own in the wild. By scanning the sign with
their mobile device, a character of mythology named Calisto (who was transformed by
Hera, the wife of Zeus, into a bear) appears and tells her whole story. While listening to her
story, the users can also see other augmentations that surround them (e.g., a bear).
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In other cases, important people who are connected to the history of the villages
appear and either tell a story or give information about the place. For example, in a village
called Melas, which took its name after Pavlos Melas (a Greek revolutionary and artillery
officer of the Hellenic Army who participated in the Greco-Turkish War of 1897 and was
amongst the first Greek officers to join the Macedonian Struggle), the users are prompted
to find an AR spot, a sign that will trigger multimedia content. When this sign is scanned,
Pavlos Melas appears and reads a letter that he sent to his parents during the Macedonian
Struggle (Figure 13).
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In another example, if the users decide to visit a village called Vogatsiko, another
historical figure called Ionas Dragoumis (a Greek politician) comes to life when an AR spot
(a street sign) is scanned with the mobile device. Dragoumis then narrates some personal
political views that have been written in his memoirs and have been recorded in history
books (Figure 14).

In another instance, Athanasios Christopoulos (a celebrated Greek poet, playwright,
distinguished scholar, and jurist) comes to life and recites one of his poems.

To create this application, the following SDKs were used: (a) Android SDK platform
tools, (b) Google Maps SDK for navigating to the points of interest, and (c) the AR Core
SDK, and the Sceneform 3D framework/SDK for creating the image-based augmentations.
ARCore is Google’s augmented reality SDK offering cross-platform APIs to build immersive
experiences on Android, iOS, Unity, and Web. ARCore offers points, plane detection, pose,
light estimation, anchors, image tracking, face tracking, object occlusion, and cloud anchors.
With ARCore’s motion-tracking capabilities, developers can track the phone’s position
relative to the surroundings. Other important capabilities of ARCore are environmental
understanding, including detecting the size and location of surfaces, and light estimation,
including real-life lighting conditions. Sceneform is a 3D framework/SDK that makes it
easy to build ARCore apps for Android without OpenGL.

The application that was implemented in the JAVA programming language includes
the basic functions of a mobile guiding application, such as displaying points of interest
(POI) on a map; locating the user’s location; retrieving information, photos, and online
video for points of interest (POI) from a database; and navigating to the points of interest
(POI) with the Google Maps API. The application uses the geolocation capabilities of mobile
devices (GPS sensor) and internet connection (4G/5G) to provide real-time information and
navigation. The application data (images, audio, textual information, etc.) are stored in a
local SQLlite database. Audio files were created with the Google text-to-speech service. The
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database is implemented in Android using the ORM (Object Relational Mapping) library.
A web server was used for storing animated videos (e.g., the virtual characters) as well
as images used as triggers in image-based AR. This method has two advantages. First, it
saves space from the mobile application database, making the application lighter. Second,
the videos and trigger images can be changed without demanding application updates
from the end users.
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The application uses responsive design techniques to adapt to various mobile devices
(smartphones and tablets). Text-to-speech Google API was also utilized for converting
textual information about the destinations into audio.

There are several SDKs for developing AR mobile applications, but the most popular
ones are ARCore, ARkit, and Vuforia. ARKit is Apple’s framework and SDK for developers
who wish to build AR apps for the IOS platform. ARKit has similar functions to ARCore
but supports only the IOS platform, while ARCore and Vuforia support both IOS and
Android, and this is a disadvantage for ARKit since the Android market has a large share
of mobile devices. ARKit and ARCore offer equivalent results and capabilities in lighting
estimation using a different approach for achieving this. ARKit fares better in reliable
tracking, and ARCore leads in mapping and reliable recovery.

Vuforia, on the other hand, has limited capabilities in comparison to ARKit and
ARCore but it can utilize the benefits of both ARCore and ARKit through Vuforia Engine
SDK (which is available for Android and IOS development). However, it must be mentioned
at this stage that the member of the team that developed the application had experience in
programming with Android and ARCore, so although Vuforia could also be used for this
task, the ARCore solution was chosen. Furthermore, although the application is currently
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only available for Android operating systems due to the cross-platform SDKs used, it could
also be adapted to IOS platforms in the future.

To create the virtual characters, generative AI tools were used. Generative artificial
intelligence (AI) describes algorithms (such as ChatGPT and DALL·E 2) that can be used to
create multimedia content, including audio, code, images, text, simulations, and videos.
Recent breakthroughs in the field have a significant impact on the way that content is
created. Today, there are several AI tools for creating multimedia content. In our case,
the aim was to create virtual talking characters that are identical to existing pictures and
drawings. By searching the web and trying various tools, it was decided to use Heygen, an
AI video generator platform (Heygen: https://app.heygen.com/, accessed on 1 September
2023). Using the platform, first, the images of the characters were uploaded onto the
platform. These images were either drawings or old photos of historical characters or
characters from mythology. Some character images that were also available on the platform
were used (e.g., Figure 12). After choosing the images, the background was removed, and
the resolution was adjusted. Then, the animated video was created by adding the related
text, which was converted into speech with the text-to-speech algorithms of the platform.

The application functionality is depicted in Figure 15.

Computers 2023, 12, x FOR PEER REVIEW 21 of 36 
 

2023). Using the platform, first, the images of the characters were uploaded onto the plat-
form. These images were either drawings or old photos of historical characters or charac-
ters from mythology. Some character images that were also available on the platform were 
used (e.g., Figure 12). After choosing the images, the background was removed, and the 
resolution was adjusted. Then, the animated video was created by adding the related text, 
which was converted into speech with the text-to-speech algorithms of the platform. 

The application functionality is depicted in Figure 15. 

 
Figure 15. Application architecture. 

6. The Immersive Lab 
The immersive lab is a lab where people can come to experience immersive mixed 

reality content. As the lab encompasses many technologies that lie at different points on 
the mixed reality continuum (Figure 1), the term mixed reality will be used when talking 
about the lab experience as a whole. 

This lab can be visited at any time either before or after visiting destinations of West-
ern Macedonia. The lab aims to promote the mountainous places of Western Macedonia 
by providing visitors with impressive immersive content. The content that the visitors can 
experience while visiting the lab is 3D videos, 360° videos, 2D educational videos, and an 
AR game. Some impressive 360° content was reserved for the people who came to the lab 
after experiencing the location-based AR games described in Section 4. 

The equipment of this immersive lab is the following: 
• Virtual Reality Headsets, Oculus Quest 2, and HTC VIVE PRO; 
• Augmented Reality Headset, HoloLens 2; 
• Autostereoscopic Screen, Dimenco 65 model:DM654MAS; 
• Three-dimensional TV, LG 47LM760S; 
• Two computers, Intel Core i9-10900K Box 3.7 GHz, memory DDR4 64 Gb, Graphics 

Card Nvidia GeForce RTX 3080 10GB. 
Additionally, 360° videos were captured using a Kandao Obsidian S 3D 360° VR cam-

era and edited in Adobe Premiere PRO. This content is viewed through the virtual reality 
headsets (Oculus Quest 2 and HTC Vive). Three-dimensional videos were produced using 
a Panasonic AG-3DA1EJ 3D camera. Visitors can see these 3D videos in the 3D TV LG 
47LM760S with the use of polarized glasses. Three-dimensional videos can also be viewed 

Figure 15. Application architecture.

6. The Immersive Lab

The immersive lab is a lab where people can come to experience immersive mixed
reality content. As the lab encompasses many technologies that lie at different points on
the mixed reality continuum (Figure 1), the term mixed reality will be used when talking
about the lab experience as a whole.

This lab can be visited at any time either before or after visiting destinations of Western
Macedonia. The lab aims to promote the mountainous places of Western Macedonia by
providing visitors with impressive immersive content. The content that the visitors can
experience while visiting the lab is 3D videos, 360◦ videos, 2D educational videos, and an
AR game. Some impressive 360◦ content was reserved for the people who came to the lab
after experiencing the location-based AR games described in Section 4.

The equipment of this immersive lab is the following:

• Virtual Reality Headsets, Oculus Quest 2, and HTC VIVE PRO;
• Augmented Reality Headset, HoloLens 2;
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• Autostereoscopic Screen, Dimenco 65 model:DM654MAS;
• Three-dimensional TV, LG 47LM760S;
• Two computers, Intel Core i9-10900K Box 3.7 GHz, memory DDR4 64 Gb, Graphics

Card Nvidia GeForce RTX 3080 10GB.

Additionally, 360◦ videos were captured using a Kandao Obsidian S 3D 360◦ VR
camera and edited in Adobe Premiere PRO. This content is viewed through the virtual
reality headsets (Oculus Quest 2 and HTC Vive). Three-dimensional videos were produced
using a Panasonic AG-3DA1EJ 3D camera. Visitors can see these 3D videos in the 3D TV LG
47LM760S with the use of polarized glasses. Three-dimensional videos can also be viewed
on the autostereoscopic screen. The autostereoscopic screen is also used for viewing plain
2D educational videos. Figure 16 depicts the mentioned technologies.
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A person who manages the visits is always present in the lab to welcome the visitors
and guide them through the immersive experience. This person guides the visitors to
experience the devices and the content in a specific order. This person was responsible
for conveying more information regarding the destinations that were viewed through the
immersive technologies (VR, AR headsets, and stereoscopic screens) in cases where the
videos (360◦, 3D, and 2D) contained only images.

Some images of the street signs that activate the virtual characters with the aid of the
AR application described in the previous section are also placed on the lab walls.

The main aim of the lab was to impress the visitors with 3D images and videos. Around
five people were employed for this task, which were mainly students (undergraduate and
postgraduate) of the Department of Communication and Digital Media. These people were
trained to operate the equipment and manage the visits (Figures 17 and 18).
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Figure 18. Immersive lab.

The AR Game

AR content can be viewed through the Microsoft HoloLens 2 headset. The game
is rather simple. The visitors wearing the headset are presented with 3D objects and
animations that augment the lab’s physical space and are literally floating around them.
The users are then asked to identify the 3D objects that could be related to the Western
Macedonia region and move them to a specific area, differentiating them from the rest
of the objects. For this reason, 3D models were produced using Blender. The models
resemble monuments that exist in the region (Figure 19). For example, two models are an
arched bridge (such bridges are typically found in the region) and a clock tower situated
in the main square of the capital city of Western Macedonia, Kozani (Agiou Nikolaou
Clock Tower).

Furthermore, a 3D representation model of a known Byzantine church that is situated
in Kastoria, called Koubelidiki church, was created by the photogrammetry method using
multiple photographs and stitching software (Figure 20).

The rest of the objects included in this AR game were drawn from the Hololens 3D
library.

The person who is responsible for the lab provides more information about the models
that resemble (or are identical to) monuments of the region.
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7. Application Usability Testing of the Mobile Applications, Immersive Lab Experience
Evaluation, and Results

A usability test was carried out to check the mobile applications’ functionality and
see if these applications are intuitive and user-friendly (the mobile apps described in
Sections 4 and 5). Regarding the immersive lab experience, this was evaluated using a
questionnaire that was distributed to 82 participants.

7.1. Application Usability Test

To test the usability of the mobile applications, a mixed approach was followed where
the thinking-out-loud method was used in combination with the coaching method [56,57].
The coaching method allows participants to ask any system-related questions to an expert
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during usability testing. The main goal of this method is to define the information needs of
users to deliver improved training and documentation in addition to probably redesigning
the interface to eradicate the need for questions in the first place. The thinking-aloud
protocol requires participants to articulate their thoughts, feelings, and opinions during
a usability test. One goal of this approach is to empower the tester to obtain a better
understanding of the participant’s mental model during interaction with the interface.

Three participants and an expert who acted as an observer and a coach were employed
for the usability test. During this test, certain problems arose while using the Taleblazer ap-
plications “Treasures in the mountainous areas of Western Macedonia” and “Mountainous
destinations of Kastoria”. These problems were then tackled by redesigning some aspects
of the application. The problems are listed below:

(a) Initially, it was not obvious to the participants how to start their navigation using
Google Maps. Although there are relevant icons, as we can see in Figure 3, Section 4,
these icons skipped their attention. Therefore, this information was made clearer in the
guidelines of the application, which are shown before the start of the game and on-demand
at any time during gameplay. Furthermore, a text message was included on the initial map
screen explaining to the users how to start their navigation with Google Maps (by pressing
any location icon and then the Google Map icons at the bottom of the screen).

(b) Finding the GPS location that would activate the multimedia content was not
always easy since GPS sensors might not work well in certain places. For the multimedia
content to be activated, the users would have to get close to the GPS location of a place
(e.g., a monument). This distance between the user and the place that is needed for the
content activation is configured for all the agents (GPS locations) through the Taleblazer
configuration settings (‘autobump’ and ‘tap to bump’ settings). Therefore, the activation
area was made larger through the Taleblazer settings to solve this problem.

Besides those two problems, no other issues were encountered with the Taleblazer
applications, and the users were able to navigate to the places by car using these applications
without problems.

The third application, “Virtual Guide for mountainous areas of Western Macedonia”,
proved to be very easy to use. The participants were able to experience the application
either from their home or by visiting the locations navigated with the Google Map API,
which is incorporated into the application. The AR spots were also easy to locate once
the users were close to the required locations, and the AR augmentations were activated
without problems. The virtual guides were successful in directing the users to other 3D
objects that were present in space in some of the locations.

7.2. Immersive Lab Evaluation

As already mentioned, a questionnaire consisting of Likert scale items was distributed
to 82 participants, evaluating aspects such as satisfaction, positive feelings, level of immer-
sion, educational usefulness, intention to revisit and recommend the experience to others,
and motivation and intention to visit destinations in Western Macedonia. The visitors
evaluated, with the questionnaire, the experience as a whole (i.e., all technologies and
applications experienced in the lab).

The research was carried out according to all the guidelines provided by the Research
Ethics Committee of the University of Western Macedonia, Greece. All participants were
adults and were informed about the nature and purpose of the study. Informed consent
was obtained from all subjects who completed the questionnaire. Furthermore, the ques-
tionnaire was anonymous, and the participants were informed both orally and in writing
that the collected anonymous data would only be accessible to the researchers of the study
and would be protected from any external access.

Below, in Figures 21 and 22, we can see the demographic statistics regarding the
gender of the participants and their age. The participants were mainly in the age group of
18 to 25 since many students and their friends visited the lab.
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As we can see in Figure 23, a large percentage of the participants were either totally
unfamiliar with AR and VR technologies or had a small level of familiarity.

A large percentage of the visitors had visited destinations of Western Macedonia as it
can be seen in Figure 24. This question includes all types of destinations and does not focus
on mountainous destinations.

As can be seen from Figures 25 and 26, the visitors were highly satisfied with the
experience that they had at the immersive laboratory and the quality of the content.

Figure 27 shows that the visitors were immersed in the experience, with their attention
focused on the VR and AR content.
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Figure 28 depicts the extent to which the visitors felt that the experience was educa-
tional and whether they gained knowledge regarding the mountainous regions of Western
Macedonia. Based on the results, the experience was regarded as educational and helped
strengthen the knowledge of participants.

Figure 29 depicts the intention to visit Western Macedonia’s mountainous regions
after the immersive lab visit. As results show, participants reported positive intentions to
revisit the regions.
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Macedonia.

As Figure 30 shows, participants exhibited positive intentions to revisit the lab and
recommend the experience to others.

To explore whether the three dimensions of the virtual experience (e.g., entertainment,
immersion, and knowledge) are related to participants’ satisfaction, future intentions about
the virtual experience, and future visit intentions to destinations of Western Macedonia, six
summative scales were developed by adding the scores of the items of each construct and
dividing them by the number of the items. All six scales exhibited adequate internal relia-
bility based on the Cronbach’s alpha values that exceeded the 0.70 criterion (entertainment:
0.859, immersion: 0.800, knowledge: 0.799, satisfaction: 0.837, future intentions of virtual
experience: 0.780, future revisit intentions: 0.944).
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Next, Pearson’s correlation coefficient was calculated to test the impact of the three
dimensions on participants’ satisfaction and future intentions with the virtual experience
and the destinations of Western Macedonia. Results are presented in Table 1.

Table 1. Correlations between constructs.

Relationship Pearson’s r (Significance)

Entertainment–Satisfaction 0.532 (0.000)

Entertainment–Lab Experience Intentions 0.436 (0.000)

Entertainment–Future Visit Intentions to
Western Macedonia Destinations 0.246 (0.026)

Immersion–Satisfaction 0.517 (0.000)

Immersion–Lab Experience Intentions 0.323 (0.003)

Immersion–Future Visit Intentions to Western
Macedonia Destinations 0.110 (0.325)

Knowledge–Satisfaction 0.446 (0.000)

Knowledge–Lab Experience Intentions 0.409 (0.000)

Knowledge–Future Visit Intentions to Western
Macedonia Destinations 0.593 (0.000)

Based on the findings, the entertainment dimension of the virtual experience of the
lab is significantly (p < 0.05) and positively related to visitors’ satisfaction with the experi-
ence (r = 0.532, sig. = 0.000), future intentions with the immersive lab experience (r = 0.436,
sig. = 0.000), and future visit intentions to destinations of Western Macedonia (p = 0.246,
sig. = 0.026). In addition, the immersion dimension was found to be significantly (p < 0.05)
and positively related to satisfaction (r = 0.517, sig. = 0.000) and virtual experience inten-
tions (r = 0.323, sig. = 0.003). However, immersion did not influence in a significant way
future revisit intentions (r = 0.110, sig. = 0.325).

Moreover, the educational dimension of the experience had a significant and positive
relationship with visitors’ satisfaction with the experience (r = 0.446, sig. = 0.000), future
intentions with the mixed reality experience (r = 0.409, sig. = 0.000), and future revisit
intentions (p = 0.593, sig. = 0.026).
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Comparing the correlation coefficients of the significant relationships found, it can
be argued that visitors’ satisfaction can be influenced greatly by the entertainment and
immersion dimensions of the experience, while future visit intentions to the destinations
by the educational aspect of the experience. Intentions to re-experience the immersive lab
tour were affected to the same degree by all three dimensions.

8. Discussion

The usability test revealed some aspects of the mobile applications that caused a certain
level of confusion to the participants. Therefore, documentation was changed to include
clearer instructions for the users, and a text message was added to show the users the
appropriate buttons to click in order to start a Google Maps navigation (that will guide them
to the locations indicated on the application map). Furthermore, a configuration setting
was altered to broaden the necessary distance between the user’s position and the agents’
GPS position for the digital content to be activated. A possible limitation of this research
is the lack of evaluation with a large sample of people visiting the area and experiencing
the mobile AR applications. A questionnaire for evaluating the application experience and
aspects such as engagement and satisfaction, ease of use, immersion, escapism, educational
usefulness, and willingness to re-use or visit more destinations as a result of the experience
was constructed, and incorporated in the applications. Users are asked to complete this
questionnaire before exiting the applications. Responses are currently being collected, and
an evaluation of the applications is pending.

Regarding the evaluation of the immersive lab experience, certain elements received
high rankings, such as user satisfaction, immersion in the experience, intention to revisit
the lab, and intention to recommend the experience to others. Furthermore, the experience
influenced the users’ interest to visit new places in the mountainous regions of Western
Macedonia. The visitors perceived the experience as educational, and a significant per-
centage of these visitors feel that they gained knowledge regarding the destinations of
Western Macedonia. The further analysis showed that entertainment and educational
utility were factors that are positively related to the intentions of the survey participants to
visit destinations of Western Macedonia. This is also in line with findings from previous
research efforts. Although some early conceptual studies warned that VR will eventually
threaten physical and corporeal travel [58], it was later proven through many studies
that the engagement and involvement participants felt when interacting with VR led to
increased positive feelings toward the destination (e.g., [3,48–50]). In a study conducted
by Pantano and Servidio [59], participants who had a VR experience of a touristic destina-
tion expressed a desire to travel to the real tourism site in order to compare it to the one
reconstructed in VR.

A possible limitation of this evaluation may be the fact that the visitors were predomi-
nately 18 to 25 years old, as many of the visitors were university students and their friends.
However, the people responsible for the visits observed that older people were even more
excited about their visit to the lab as most of them were completely unfamiliar with such
technologies. Another observation was that most of the visitors showed particular interest
and were impressed with the augmented reality content, which was experienced through
the Microsoft HoloLens Headset.

As mentioned in the introduction, the contribution of this paper when compared to
initiatives that are found in the literature (e.g., studies included in the systematic review
in the use of AR and VR in tourism research by Yung and Khoo-Lattimore [3]) is the fact
that it combines many technologies in order to promote touristic destinations, enhance the
tourism experience, and educate users about the history, cultural heritage, demography,
and natural environment of the destinations. To the best of our knowledge, there is a lack
of studies and initiatives that use a combination of multiple technologies (AR and VR) for
touristic promotion and education. Furthermore, there seems to be a shortage of research
initiatives that focus on location-based (or location-aware AR) for tourism. This is true for
educational applications as stated by the authors of a recent systematic mapping review of
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STEM augmented reality applications in higher education [60] and it seems to be the case
for tourism research as well. In the review conducted by Yung and Khoo-Lattimore [3],
there seems to be only two papers that utilize this technology [61,62]. This is also the case
with other review studies where image-based AR is more popular. For example, in [63], the
authors examine twelve AR applications for tourism. Only four used location-based AR in
comparison to 10 that used image-based AR (there were also applications that used both).
Furthermore, as it is stated in the recent review conducted by Liang and Elliot [45], AR in
tourism is currently an emerging topic, but journals that capture related articles are still
limited. The authors also claim that the number of studies in this field is expected to grow
significantly in the next decade. Therefore, the paper contributes to the emerging but still
limited research literature on AR applications in tourism, concentrating on an even more
limited niche of AR, that of location-based AR.

Another contribution of the paper is that it describes how a low-code platform such
as Taleblazer, which is suitable for people who do not have programming experience, can
be used to create AR games that enhance the tourist experience and knowledge about
destinations. It is also worth mentioning that the game awards users who complete certain
tasks with real prizes (content in the immersive lab and a gift from a local store) apart from
points and virtual artifacts. This is another novelty of this initiative and as future work,
we intend to examine the impact of this feature on user intentions (e.g., intentions to play
the location-based AR games again by revisiting the region of Western Macedonia and
recommend the games to others).

The paper also describes how more advanced technologies such as ARCore in combi-
nation with Google services (e.g., text-to-speech) and generative AI platforms can be used
for creating mobile AR applications.

9. Conclusions

This paper aims to present an approach that utilizes a combination of AR and VR
technologies and gaming applications for touristic destination marketing and education.
Two location-based AR games have been developed with the aim to promote mountainous
destinations in the region of Western Macedonia, Greece, and to educate users about
various aspects of the destinations, including the history, cultural heritage, geography,
and natural environment of the target destinations. Furthermore, a third AR mobile
application was produced to inform and entertain visitors with the use of virtual guides.
Besides information about the destinations, this application includes virtual characters
that appear as augmentations when the mobile device’s camera lens is pointed at various
image targets (e.g., street signs). These characters either provide information about the
destination or narrate stories. The characters that tell stories are mainly important people
that are connected to the history or mythology of the target destinations. These characters
were created using generative AI tools. Generative AI platforms can be utilized today to
rapidly create computer graphics and animations, and these tools are bound to play an
important role in content creation. Moreover, a usability test was carried out to test the
mobile applications, and the problems revealed were tackled with changes to the user
interface and the configuration settings.

Besides the mobile AR applications, an immersive lab was established with the aim to
promote the mountainous destinations of Western Macedonia. The lab hosts various mixed
reality technologies. By visiting the lab, the visitors can experience 360◦ videos with the
use of VR headsets, 3D videos with the use of stereoscopic monitors, and an AR game with
the use of an AR headset. The visitors can also view short 2D educational videos. The lab
experience was evaluated using a questionnaire. The questionnaire measured the level of
satisfaction, positive feelings associated with the experience, quality of the applications,
immersion, educational usefulness, intention to visit the mountainous areas of Western
Macedonia, intention to revisit the lab, and willingness to recommend the lab experience to
family and friends. The evaluation results show that the recorded levels were high for all
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items and also revealed relations between these items. In the future, a similar evaluation
will also take place for the mobile applications.
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Abstract: Procedural content generation (PCG) algorithms have become increasingly vital in video
games developed by small studios due to their ability to save time while creating diverse and engag-
ing environments, significantly enhancing replayability by ensuring that each gameplay experience is
distinct. Previous research has demonstrated the effectiveness of PCG in generating various game el-
ements, such as levels and weaponry, with unique attributes across different playthroughs. However,
these studies often face limitations in processing efficiency and adaptability to real-time applications.
The current study introduces an improved spawn algorithm designed for 2D map generation, capable
of creating maps with multiple room sizes and a decorative object. Unlike traditional methods that
rely solely on agent-based evaluations, this constructive algorithm emphasizes reduced processing
power, making it suitable for generating small worlds in real time, particularly during loading
screens. Our findings highlight the algorithm’s potential to streamline game development processes,
especially in resource-constrained environments, while maintaining high-quality content generation.

Keywords: procedural content generation (PCG); game development; replayability; algorithmic map
generation; computer games; resource management; dynamic content creation

1. Introduction

Procedural content generation (PCG) is known for its algorithmic generation of data, a
method used to create random and streamlined content for several purposes such as maps,
loot, item attributes, occasionally lore, etc. [1], in contrast with manual and static creation.
Games are often evaluated in terms of their replayability, how elaborate their content is, play
time, etc. Game content of high quality usually requires manual generation and significant
effort by a large team that includes designers and developers, which considerably increases
expenses and is also very time-consuming. Both wealthy studios and publishers have
the required resources to support and invest in such concepts. On the other hand, this
sumptuousness cannot be afforded to independent (indie) developers [2], so an alternative
path must be found. PCG content has deep history in electronic gaming, and it has been
relied upon by many games, particularly those heavily based on replayability to maintain
the player’s interest. Several popular games that utilize PCG methods are The Binding of
Issac [3], which randomly generates rooms (see Figure 1), and Minecraft [4], in which its
world is procedurally generated, with each component is uniquely arranged every time a
new game is started, ensuring that no two players’ worlds are alike. In APEX Legends [5],
the weapons’ spawn locations are completely randomized, every map is divided into
subareas, and each subarea has a different spawn ratio of special or powerful equipment
and power-ups, making some zones more desirable than others. In the case of generated
maps in a 2D space, the same ones can also be reused in the game itself; for example, in
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a real-time strategy (RTS) game, the generated map can be used both as a real-scale map
and as minimap with fewer details. The same concept can also be used for facial creation
purposes based on players’ preferences. In most RPGs (role-playing games), which allow a
player to create their own unique hero, this process is performed manually, and, in rarer
cases, a player can choose a randomly generated character based on a basic feature, e.g.,
race or clan. Modern games such as Grand Theft Auto Online [6] and Dark Souls 3 [7]
offer very detailed character customization, from face details to body parts, by the user, but
this procedure is considered laborious and time-consuming if the user wants a completely
customized character. Recent works suggest methods for automatic face creation either
by setting some features, e.g., skin color, nationality, class, etc., or by inputting a single
photo [8,9]. Although faces cannot be produced by strict PCG algorithms, as the player
needs their character to remain the same throughout a playthrough, there are situations
where the hero is wounded, so a random scar can be depicted on a random part of the
hero’s face, or the hero may become older after several game years [10]. A positive effect of
PCG methods is the fact that the demanded disk capacity requirements of the final game are
significantly reduced, as the content generated by its game engine is not stored anywhere
on the disk but is created on the fly, leading to improved resource management. However,
content created on the fly demands more processing power, ideally before the game loads,
but it turns out that this concession is worth the effort.

This paper’s contribution is the presentation of an improved algorithm [11] that can
create a top-down outdoor-level map filled with rooms of three basic sizes, which can make
it quite congested, with a fountain in a random arrangement that changes every time the
map is loaded. The three basic rooms can also be slightly changed during loading scenes in
order to create a map with rooms that vary even more in size rooms. The same algorithm
can be used in several other applications such as the inside of a dungeon or a room [12,13].
In other instances, it can be used to randomly generate loot and/or weapons with random
range of properties or to add details such as vegetation, rocks, clouds, waterfalls, and so
on [14]. Nevertheless, such methods are supposed to be used as helper applications rather
than replacing jobs in the illustration field [15].

This paper is organized into five sections as follows: Section 2 provides an overview
of fundamental methods and strategies related to procedural content generation (PCG).
Section 3 addresses issues concerning content quality. Section 4 presents an analysis of the
rules that the algorithm must adhere to, along with a detailed explanation of the algorithm
itself. The results of our study are discussed in Section 5, followed by a discussion of
the algorithm and its characteristics in Section 6. In Section 7, we offer a comprehensive
conclusion on PCG, along with insights into future trends. The Appendix A contains a
detailed presentation of the algorithm.

Figure 1. Binding of Isaac is a game that generates and decorates all of its rooms randomly.

2. Concepts of PCG

Over the years, multiple PCG methods have been developed, each differing majorly in
its approach used to achieve content generation [16]. Some methods generate game content
during the loading phase (Offline) [17], while others, such as Online ones, though less
common, create content dynamically during gameplay based on miscellaneous factors, like
the player’s performance. The main difference between them is whether the implemented
algorithm is classified as constructive or not. Constructive algorithms [18,19] do not require
any evaluation as their outcome is considered unconditionally playable, in contrast to
generate-and-test algorithms [20,21] where an agent must be present to test, for instance, if a

156



Computers 2024, 13, 304

game level leads to a dead-end. Nevertheless, special attention is needed for softlocks [22]
as they lead to dead-end states even if they are not always undesirable, depending on game
logic [23,24]. Consider a state in a Super Mario [25] game, as shown in Figure 2. If the
player makes a successful jump, they can complete the level by reaching the pole where
a flag is hung, whereas if they fail to avoid the intermediate gap, they will permanently
become stuck between walls, a softlock state (see Figure 2).

The improved spawn algorithm belongs to Offline ones in which the map is being
created just before the game level begins. In many cases, an agent should be present to
examine in detail if the final map is playable. In this case, it is not necessary as it is a
constructive one and it relies on a predefined ruleset that overcomes any undesirable states
leading to dead-ends while the final content is being created in each playthrough literally
from scratch [26]. Furthermore, although it relies heavily on its strict generative rules to
construct diverse level maps every time a game level is loaded, it is not regarded as random
seed [27] entirely as it can be accepted as a minor input from developers for complexity
purposes by defining some parameters depending on how dense or sparse a level is desired
to be.

Figure 2. A manually constructed level example in Super Mario that contains a possible softlock (if a
player falls into the gap between walls, it is impossible to jump out, leading to a dead-end). Since
there is nothing to kill the hero, the player must either manually reset the level or quit from it in
order to abandon this state, abruptly losing any progress, as in this game there no saving points or
autosaves.

2.1. The Role of Algorithms in PCG

PCG methods are capable of building a complete game, taking into consideration
the needs of each asset (real-time difficulty adaption, special class loot rarity, map, room
decoration, equipment etc.) that can be generated randomly in each load based on several
rules by tracking the player’s progress. Specifically, the most well-known methods they
use are the following: (i) Markov models [28], which are considered particularly fast in
PCG generation. (ii) Cellular automata [29,30], that consults a predetermined rule-set on
a grid map area and explores if the adjacent cell can be occupied for a suitable asset or
not. This method is commonly used for cave-like creations. (iii) Generative grammar [31]
is essentially based on a grammatical rule system and then a parser undertakes the role
to decide if an action can be applied or not. It is mostly used in games with complex lore
where their progress is closely related to the user’s actions and, depending on his choices,
either a quest will be terminated or additional actions are required so as to be successfully
accomplished, or a non-playable-character (NPC) team member will decide whether he
will follow or reject the player, etc. (iv) Machine learning algorithms progressively learn and
store all past actions, or they begin from a ready-to-use dataset [32] and extend with new
data accordingly. Although they are very fast, they are characterized by their unreliability,
as they do not guarantee that the final outcome will be playable, especially in narrow
or dense areas such as a room interior, so an agent is necessary. However, a number of
solutions have been proposed that subdue this behavior with specialized methods such as
generative adversarial networks (GANs) [33,34], reinforcement learning (RL) [35–37], and
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deep learning [38]. (v) Evolutionary Algorithms [39]: although they are not yet widely used
with PCG, they are preferred in 3D landscape modeling [40] to optimize game maps in
strategy games that can accommodate massive armies and assist in dungeon modeling [41].
They present some failures to natural representation along with some minor conflicts
between objects. Therefore, in specific operations they thrive with excellent results. Our
algorithm is based on cellular automata (CA) with grid base as its kernel component.

2.2. PCG via Machine Learning

Procedural content generation via machine learning (PCGML) is considered as the
generation of game content by using methods that have previously been trained on existing
content from other instances [32,42]. It can be applied anywhere in a game where random
content must be generated such as maps, items and their attributes, weapons and their
features, character dialogues, cosmetics, etc. Machine learning can be effectively used to
produce visual material that is closer to the user’s preferences [43], for example, cosmetics
for their equipment or building an initial character based on rudimentary questions or
previous experience, but in case of levels, maps, or quests things become severely more
complicated as other factors also take place. Especially on maps, machine learning methods
should evaluate the final result to examine if the map is playable or if a character can jump
on any permitted floor or be able to reach the exit. Such issues can be solved, but not
entirely, by applying data augmentation methods [44], where the variety is increased in a
given dataset, not by collecting more ready-to-use data but by adding modified versions
of the already existing data [45]. In another case, a map can be represented as a set of
puzzle pieces where each piece portrays a single element on a map. The puzzle pieces can
also be shuffled to form another view of the same map or even to create a completely new
one, while all pieces must fit seamlessly so as to avoid discontinuities (see Figure 3). The
Bioshock collection [46] used this method to create myriad hacking puzzles with varying
levels of difficulty.

Figure 3. A mini hacking puzzle game for a number of Bioshock alarm systems. The generated
puzzle games are random, whereas the pieces of the puzzle are more than enough so that the puzzle
can be solved in several ways.

2.3. Generative Adversarial Networks

This architecture is considered a special extension of machine learning. It can be
assumed as an adversarial game between a generator and a discriminator. Initially, it
generates synthetic data from a dataset and then exhibits similar characteristics to the real
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data; at the same time, a discriminator strives to classify if the generated data are considered
fake or not. Generative adversarial networks (GANs), among all domains that have been
applied, work better with image processing such as applications that involve human faces
or handwritten characters. In terms of game levels, and the fact that GANs are based on
machine learning methods [47], they encounter the same problems as they demand an
initial set of known and functional maps in order to produce more of them. Additionally,
due to the fact that such methods demand a lot of processing power, they are not suggested
for real-time content generation [48]. Nevertheless, a study [49] managed to create several
level maps for the well-known DOOM game from an initially created dataset suitable for
training GAN from over than 1000 DOOM [50] levels by using two models—conditional
and unconditional—where the conditional model uses several features as an input that
are extracted from real levels, whereas the unconditional model uses only images from the
given dataset (see Figure 4).

Figure 4. Left image shows maps that were created from an unconditional network while the maps
in the right image were created from a conditional network.

2.4. Scenario Needs

Although there are a number of PCG algorithms to choose from, not all of them are
suitable to implement any scenario. There is a big difference in creating random face
portraits from scratch to produce playable terrains depending on different circumstances.
Contemporary algorithms that use machine learning (ML) of GAN methods seem very
promising but they are not used extensively for creating area maps of room interiors. In
this paper, the proposed algorithm creates 2D area maps filled with varied-size rooms or
caves and a decorative item, particularly a fountain. Each map is created from scratch
without any previous experience and it can be configured so as to create maps with more
or less room density depending on the desired difficulty, while the area around each room
is considered as free roam state, and there are no specific paths. It uses the cellular automata
technique, which fits perfectly for our cause as the whole map is based on a grid area where
all objects are placed upon it, while at the same time the algorithm examines if there is
enough space among them in order to avoid any collisions or blockages. The improved
algorithm can generate a much larger number of varied-size rooms for better quality and
a more diversified content. At this point, further analysis must be conducted for quality
diversity and to determine how this content fits appropriately in a generated environment;
either it is an open-air area with different climate conditions and terrain, or indoor areas
such as caves or chambers.
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3. Content Quality

Although random generated maps and environments are what we expect from a
procedural content generation algorithm, the final outcome is not always as good as we
would like it to be. This is not because of some failed object placements that overlap each
other or an unexpected dead-end [51], but because the final scene does not seem natural or
sensible, as the selected environmental objects do not match to a particular terrain or the
co-existence of some objects does not make sense to the same place or map. Some practices
define complex rules before the execution of an algorithm. Other solutions suggest a mixed
approach where a PCG algorithm creates several templates [52], and at the end the designer
chooses any or all of them that are compatible with their goals.

However, there are cases where some features are not disastrous; on the contrary, they
enrich the complexity of a game or a level depending on what we would like to achieve. For
example, roads on a strategic map should occasionally overlap each other, so crossroads,
T-roads, or any other junction can be created. This method can convert a simple road
network into quite a complicated one and it is very useful and easy to define the difficulty
level of a game, e.g., if you are in early stages or in later ones. Also, the same technique can
be used for defining the difficulty in real time, for instance, if a player’s score is very high
in one level, the next one will be much harder and vice versa. Another case is if a player is
having a hard time passing a level so after a few failed tries on the same level, the next one
may become easier. A study that uses roads to create new maps was applied to the Kindom
Rush: Frontiers [53], a web-based tower defense game in which new maps were created
with different road networks and random tower places with minimum distances between
them all over the map, as overlap and close proximity in this situation must be avoided (see
Figure 5). The Kullback–Leibler (KL) divergence was applied for the cover distribution:

KL(P||Q) = ∑
x

P(x) log(
P(x)
Q(x)

) (1)

which defines a standard distribution for the whole map, which gives quite a natural
appearance. At this point, for comparison purposes, our algorithm is based thoroughly on
the asset number that is defined from the designer and it chooses if the selected asset can
be placed or not on the map, based on the distance or location constraints giving a natural
environment in a different way.

Other methods suggest a top-down approach where a game level has an entry point
at the top of it and an exit point at the bottom; in other words, the player is always moving
down. A known game that follows this strategy is Spelunky [54], where each map that
represents a level is divided into 4 × 4 rooms and a path is planned throughout these
rooms, as shown in Figure 6. At this point, it is important to mention that it is not necessary
for all rooms to be used, which is something that easily defines how long or short a level
can be. Each box is called a chunk and they are replaced by a random number; finally, the
algorithm defines which number will be at the start and which one will be at the end [55].
The next step includes the room placement for each chunk, selected from quite a large set of
templates, and the set of templates used depends on the area the level is in and whether the
room falls on a path. For instance, according to Figure 6, beginning from the start chunk, a
room with a corridor that has an exit point to the right of it is needed in order to continue
in the room where the corresponding arrow indicates, so the suitable template set is the
one that has exit points on the right side of the rooms, etc. Therefore, the room in Figure 7
fits in the second chunk as both entry points are located on the left of it and the exit point
at the bottom. If we combine all of the above with decoration, obstacles, and monsters,
this process leads to a game that generates unique levels in such a way that each game is
always different and, at the same time, keeps the game fresh and exciting.

Based on the same principle is the game Diablo [56], which is separated into four
stages where each stage includes four levels by using the top-down approach. Here, the
player can access each level by finding an entrance to the lower one. In fact, all of the stages
are dungeons with different names and design, and polished with appropriate themes.
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Figure 5. Three random levels are created in the Kingdom Rush: Frontiers with roads, tower places,
and monster generation in consecutive waves. Also, in each wave, monsters are grouped based on
their kind.

Figure 6. All levels in Spelunky game use this structure, with a preplanned top-down path, while
all levels have the same size of 4 × 4 rooms. The start and end points are randomly generated in
any room.

Figure 7. Example room design in Spelunky in its primary state, without any added decoration. Note
that this room has two entry points, one from the left and another one from the right.
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Everything in a level has a fully randomized arrangement at such a point that even the
exit spots that lead to the lower levels are randomly placed throughout, but in this case
an extra control is applied and the level is recreated from scratch if the exit spot cannot
be placed due to the lack of space. On the other hand, extra attention is given both to the
rooms that are located inside a level, which must be connected through corridors or other
room entrances, and to the room entrances where their directions must not face a wall,
something that we also check on our spawn algorithm. In Figure 8, a map is generated for
the Cathedral level in Diablo, clearly showing the rooms’ placement, corridors, and the exit
point to the lower level.

Figure 8. A randomly generated level of the Cathedral stage in Diablo.

3.1. Quality Diversity

Content quality not only refers to asset placement but also leads to quality diversity in
order to make a game more enjoyable. As is well known, many games lack multifarious
levels or stages so that a player can discover patterns from a point onward. Providing
diverse levels to players adds extra value to entertainment since they need to deploy differ-
ent strategies under specific circumstances [57]. Map diversity can also be combined with
other game elements such as decoration objects, obstacles, statistics over offense/defense
weapons, or rewards based on specific criteria. For example, in Spelunky, after the room
selection, the next step comprises choosing obstacle and trap placement in certain points of
each map; finally, object and monster placements are selected in random locations of each
map, as shown in Figure 9.

Figure 9. After room selection in Spelunky, as a last step, randomized decorations, obstacles, and
monster placement takes place.
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Different parts of an environment need different manipulation from an algorithm. For
example, in the case of decoration, the first thing needed is a very large object dataset; at
the same time, this dataset should be divided into several categories depending on place,
i.e., if it is outdoor, indoor, rooms, corridors, etc. Irrespective of the concept we would like a
map to contain, it is of critical importance for a sequence to be kept. For instance, rooms are
usually placed first on maps, then a road/corridor network to connect all or part of them
or adjacent rooms that are connected with a door, and, finally, decoration comes last. Each
step comprises different strategies and can be implemented by different algorithms, or one
algorithm can also be used by configuring several settings. As long as a step belongs to the
late stages in the chain of action, more restrictions are applied. For instance, it is important
that the placement of decoration objects is predefined on certain spots that will be used as
static objects in order for unnecessary obstacles to be avoided; otherwise, both motion and
visual attributes will probably be hindered, except for cases where someone would like to
hide a valuable object, treasure, contraption, etc. The improved Spawn algorithm keeps
the same functionality as it is designed to be used in several scenarios that include both
outdoor and indoor actions.

To keep the uniqueness of an environment, several techniques are developed, and this
is where artificial intelligence (AI) shines, as special uses of it produce diversity with rich
environments. One of the most reliable and fast techniques from the modern AI field used
to create content on maps is reinforcement learning (RL), where environments are usually
modeled by Markov decision processes (MDPs), a mathematical formulation that is used to
study optimization problems. MDPs are often represented by the type (S, A, P, R, γ), where
S is state space, A is the action space, Pa(s, s′) = Pr(st+1 = s′|st = s, at = a) defines the
transition probability from a state s to s′ by executing an action a at time t, Ra(s, s′) consists
of the immediate reward earned from the current transition, and, finally, γ ∈ [0, 1] is the
discount factor, which computes how many future cumulative rewards are used compared
to the current one [58]. Due to the fact that RL is still adding complex computational
tasks [47], it is somehow difficult to used in real-time implementations, but, on the other
hand, it fits perfectly in turn-based games where the real-time actions exist at a minimum,
mainly in nonbattle events. In addition, as Figure 10 shows, RL algorithms agents are
necessary to use, and, in order to ensure that the quality will be high, a feedback system
is required to monitor the overall process step by step [36] by comparing the previous
state and the current updated state by using a reward calculator for a particular game.
Depending on earned rewards, RL agents can generate random playable maps producing
infinite unique designs, increasing both replayability and winning strategies. A recent
study proposed stage creation in two phases, battle and nonbattle events [59]. Here, an
evolutionary method is proposed, as in machine learning (ML) algorithms, a sufficient
amount of content is required for training, but in this case, everything can be generated from
scratch by learning online behaviors, either from the player or ready-to-use environments
which represent levels or stages. In other words, it applies self-learning by interacting with
the environment, something that can lead to unsupervised learning, which significantly
reduces the overall processing time.

163



Computers 2024, 13, 304

Figure 10. The first image shows the beginning of an RL agent and how it is interacting with the
stage, while in the second image, the RL agent has finished its iterations. A reward calculator is
present as it is needed to advise the agent if the proposed changes can lead to a dead-end or not, or if
they can be accessed in general.

3.2. Intelligent Diversity

Except for environmental diversity, the replayability of a game also depends on its
playstyle. Content diversity usually refers to static objects such as terrain, trees, roads, or
weapons with stats that are randomly found in a treasure chest or after defeating enemies.
The same static environment can also change the course of a battle by changing the location
in which a fight takes place. For instance, for a boss that is vulnerable in ranged attacks and
is easily defeated in one attempt, in another playthrough, they could be placed in a location
that does not favor ranged attacks, so another approach must be developed by the player
in order to defeat the same adversary. In other cases, bosses could be different. Along with
their properties and stats, adding extra challenges in terms of the unknown of what one can
encounter negates the same strategy being used every time a new game starts. In particular
scenarios, if a difficulty option has been added, and a variety of heroes with completely
different playstyles are present, e.g., characters who specialize in ranged attacks, melee
combat, mages, summoners, etc., in the highest difficulty levels, every winning condition is
totally different, as special combined strategies are required. In Diablo II [60], especially the
Hell difficulty, levels, the playstyle of each player character must be changed as the player’s
resistances to all elements are dramatically dropped, even below zero, and all enemies have
immunity at least to one kind of attack with different bosses. In Figure 11, a mini boss has
two immunities, to physical and magic damage, so a player must use other kinds of attacks,
e.g., poison, to defeat him.
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Figure 11. Hell difficulty in Diablo II adds several random immunities to all foes; as a consequence,
all of a character’s properties must be reassigned in such a way to enhance a combination of two or
three dissimilar attacks that can damage anyone in the battle field.

As a result, any player must redistribute any earned skill points in such a way so that
his character becomes specialized in several attacks that better fit his playstyle, and if he
belongs in a party with a specific role, such as a damage dealer or a defender. Furthermore,
changing the stats only is not enough as it is mandatory for a player to also replace his
weapons and armor as the game in this difficult level spawns even more advanced objects
by piling up properties and giving the opportunity to players to customize their equipment
even more depending on their playstyle. All of them inarguably add more challenge to the
game by entirely changing its perspective, as if a different game is created.

To make a game more entertaining, a mechanism could be used to evaluate the
diversity by measuring a possible satisfaction factor with the help of entropy, which is
used as a base reward received by an agent. It is used to estimate the possible amount
of information that a scenario has, for example, the number of segments that seem to
display possible repetitions. The greater that number of repeated segments is, the lower the
entropy value will be, and vice versa; this is how the diversity of a scenario is evaluated
and measured. In [61]’s study, the entropy is calculated using the formula

H(x) = −
n

∑
i

p(xi)log(p(xi)) (2)

where p(xi) defines the probability occurrence for each event of the variable x, which
in this case is represented by each segment, and the log(p(xi) calculates the amount of
gathered information for each segment. Another study promoted a solution where it used
the KL-divergence in order to quantify the similarity between the segments [62] in an RL
algorithm to be able to generate endless playable levels in the Super Mario [25] game. In
more detail, a level is divided into segments, then multiple RL agents evaluate the degree
of diversity; finally, they are concatenated to form a full level. The KL-divergence was also
used for the same Mario game, but in the study of [63], it was implemented asymmetrically,
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generating complex and rich environments, as shown in the Figure 12 level, but, on the
contrary, a large dataset was required by the algorithm.

Figure 12. This level was generated by asymmetrical KL−Div with the use of a considerable size of a
training sample where any novel pattern that did not exist in that sample is subjected as a candidate
for use in the level generation.

In Table 1 we can see a summarized of the methods used to produce PCG environments.

Table 1. Methods used by applications to produce PCG content.

Training Sample
Required Space Predefined Levels Asset Rotation

Minecraft No 3D No No need

Binding of Isaac No 2D Merely No

Spelunky No 2D Merely No

Diablo No 2D (map overlay) Yes No

Super Mario Yes 2D Merely No need

Doom levels Yes 3D No No

Kingdom Rush:
Frontiers No 2D No No

Our Spawn algorithm No 2D No Merely

4. The Improved Spawn Algorithm

In general, the algorithm produces three room sizes that are placed randomly on a
2D grid-based map. Large and medium rooms have four standard entrance directions,
specifically north, south, east, and west, while the small rooms’ entrances can rotate
everywhere in 360◦. The entrance rotation of each room is also randomly generated and
special attention is given to the fact that all entrances cannot face any wall side, as a
minimum distance from it is estimated. The number of rooms that can be placed also
remains the same, so the maximum number of each type is as follows: one large, two
medium, and three small rooms. The fountain is considered as a decoration item so its
size remains the same. Each item on the map has its own hitbox for collision detection
purposes, where AABB [64] fits perfectly for rooms and a spheroidal for the fountain, as it
is very important to distinguish boundaries to be set for future expansions.

The map uses the cellular automata (CA) technique, a method that is very suitable for
building maps with ready-to-use places upon them. All grids are grouped in 5 × 5 groups
to form larger ones and all rooms are placed into them without the obligation to fit exactly,
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as shown in Figure 13. The final result visually remains the same and comprises a mini-
map that can later be translated to a full-scale one. In terms of improvement, this version
expands the overall number of room sizes in each type. In particular, large rooms in this
version have 11 sizes, medium rooms have 31 sizes, and small rooms have 51 sizes. Each
room size of each type cannot be scaled in a way that overlaps another type, e.g., a large
room cannot be shrunk in a size equal to or less than a medium room. As a consequence,
the end result becomes even more varied, with possible unique combinations based on type

C(n, r) =
(

n
r

)
=

n!
(r!(n − r)!)

(3)

where r represents the maximum number of rooms that are likely to exist on the map, while
n is the possible size of a room. Therefore, the combinations are as follows:

• Large rooms: 11 (r = 1 and n = 11);
• Medium rooms: 465 (r = 2 and n = 31);
• Small rooms: 20,825 (r = 3 and n = 51).

The overall possible combinations exceed the 213 million, a number that cannot actu-
ally be achieved in reality, so the possibility of two maps totally matching is dramatically
diminished. Table 2 summarizes the differences between the initial and improved algorithm.

Figure 13. The grid map is divided into larger grids and each one includes 5 × 5 small grids. The first
room fits exactly in the large grid while the second one is placed in the corner, essentially occupying
four large grids. This placement constitutes the worst-case scenario, something the algorithm takes
into account and acts on accordingly.

Table 2. Key differences between two algorithm versions.

Method Trained Dataset Required Room Sizes (Total) Map Size

Initial algorithm Cellular Automata No 3 10 × 3 cells

Improved algorithm Cellular Automata No 93 10 × 3 cells

4.1. Algorithm Complexity

The algorithm divides the creation procedure into several steps, where each one
executes a small part of the overall process; specifically, the first one is the creation of a
blank grid map with rows and columns that are given before the algorithm’s execution.
For this instance, we decided that fifteen (15) rows and fifty columns (50) are enough for
the algorithm to work, consisting of the smallest grids on the map. While rooms and any
decorations occupy more than one tile, right afterwards, the algorithm divides the grid into
larger areas containing part of the tiles; specifically, each large area contains five (5) rows
and ten (10) columns of small tiles: a total amount of fifty (50). In this space, any object
from small rooms to large ones and any of the decorations can fit from any angle, but it is
decided that only small rooms can use this feature for simplicity reasons. This is a standard
process that also demands a fixed time that takes about 45 × 10−11 seconds.
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All other steps include loops, as their basic goal is to decide if and where a room will
be placed as long as there is a free place. As is shown in Appendix A, large rooms are
placed first as they are considered the most difficult because of their size. In general, bigger
rooms are placed first, if selected, and then smaller ones, in order to minimize the exclusion
possibility of bigger rooms not being placed at all due to lack of space. There are four
loop stages in total, where each is used for creating a room type and the fourth is used for
decoration placing. Each stage includes two nested loops; the outer one examines the large
columns while the inner loops scrutinize each row of the selected column to determine
if the chosen room can fit. All four loops are executed at least one time, and an extra
compromise is taken into account where, if a large room is present in a large column, no
other rooms in that specific column can be placed except for decoration. This compromise
prevents the probability for a small part of the map to become populous and the rest of it
being underpopulated, as, for vision purposes, it is optimal for all objects to be placed all
over the map as much as possible.

In terms of computational load, all four loops execute almost the same calculations
and they are executed only if a special condition is true. First of all, each loop chooses a
random number that corresponds to an asset, e.g., if the chosen value is zero (0), that means
a large room is selected. If the chosen value is within the correct loop, then the process of
finding a random suitable place on the map begins by scanning all the large rows within
the corresponding large column. Also, minor actions take place, such as if the maximum
number of an asset is reached or determining which direction the entrance of a room faces;
at this point, the loop ends. The maximum computation cost can be estimated as follows:
ten loops are used for scanning the large columns, multiplied by three loops for each asset
along with their simple computational costs; in other words, there are thirty loops. This
means a total time based on log(n) calculations, specifically 9 × 10−11 seconds, translated
in a few milliseconds.

4.2. Worst-Case Complexity

The maximum possible loop number cannot exceed thirty in this instance; in fact, it
is impossible to reach this value because of the fact that the maximum number of assets
that can be placed on a map is seven, as shown in Figure 14. A loop is only executed for a
valid asset if it is chosen by a random generator, so the maximum loop number becomes
seven, where in this case the algorithm searches for a free place to set it on. The worst-case
scenario in this instance is the selection of all seven rooms and the fountain with their
placement to take place at the end of the map, meaning the right part of the map, which
adds a tiny fraction of time to the overall process. As a result, the total time becomes log(n)
calculations, specifically 3 × 10−11 seconds, plus the time for the grid map creation.

Figure 14. A random example with full rooms in the new improved algorithm.

5. Results

The overall modifications achieved a better result while the differences, in terms of
size among rooms, are easily detected visually. As shown in Figure 14, all rooms, even
those that belong to the same category, have obviously dissimilar sizes. The two medium
rooms have few differences, while the small ones have more obvious varied sizes. The
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large room is an exception as the algorithm produces only one, so there is no comparison
measure, but in the end, if we compare it with Figure 15, in this instance it is a little smaller.
The newer algorithm was tested thoroughly by executing it multiple times, where each
time a completely new map was created.

Figure 15. Another instance focusing on the large room which is a bit smaller.

Nevertheless, according to algorithm rules, there are situations where the fountain is
not placed at all, producing an environment that lacks any decoration. Although this is
not considered as a bug, a plain or barren map is not attractive at all except if it is used for
special occasions like a small secret treasure room or a trap that leads into a room that the
player must escape. On the other hand, despite the modifications, the spawn algorithm
was executed seamlessly without showing any crushes or critical errors, and in terms of
performance, the extra additions almost did not affect it at all. In the end, the final product
was accomplished by producing a considerably more varied map without increasing the
utilization of computing resources. These updates help an application to remain both
replayable and lightweight.

6. Discussion

The algorithm was tested several times; specifically, 500 maps were created in a row,
and all output results were within limits that were defined during the software development.
Before the improvement, there was a rare situation in which two medium rooms collided
by overlapping each other, but in this version, everything is corrected. The graphics engine
remained the same, in particular Unity, and C# was used as the programming language as
it is embedded with a very friendly development environment and is also very versatile,
offering complete integration and full compatibility with any previous versions. The
generated maps are quite different from each other, but because the room sizes can vary
by a vast number, only half of them can be visually distinguished by the human eye. The
algorithm generates a map in milliseconds, even for fully loaded ones, but it could become
even faster if some conditions are removed, as in some cases they are not necessary. A
case was observed in which a large room was placed at the top of a column, and while no
other object can be placed underneath, the algorithm continues to check if something can
be placed in the same column. This behavior was detected recently, and while it does add
a negligible working load, in larger-scale maps this could become a bigger problem. But
on the other hand, why should there be extra effort when it can be avoided? Because of
the fact that the Spawn algorithm is rather lightweight, it can easily be used for web-based
applications as it does not demand significant computational resources and its output is
small in size so it can be downloaded without much effort, even over slow connections.

Its uniqueness relies on the fact that in each load a new map is generated from scratch,
building a basic layout, but in the future this feature is going to change a bit as a road
network will be added, at least among rooms. There are many games that use PCG methods
for generating levels and maps but they use several tricks to display different outputs, and
two of the best games in this matter are Binding of Issac [3] and Spelunky [54]. Especially
in Spelunky, there is a large level dataset in which several of them are selected and then
obstacles are placed in a random manner to change the overall view while all levels are
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generated from the beginning. On the other hand, Kingdom Rush: Frontiers [65] was used
by a revolutionary RL algorithm to generate maps with several characteristics which were
defined for use in such a way to add extra value in difficulty modes. Most of the 2D
maps, despite the technique they use, have a common place as they are strictly grid-based,
because this kind of arrangement offers a very convenient way to place everything in a
determined fashion and it is also proven to be very fast if the video game relies on levels,
especially if even the secret ones are considered distinct rooms. Grid-based methods are
also capable of creating not only small-scale maps but huge worlds which represent a full
game playthrough, but there are various methods that use other algorithms to achieve
unique generated worlds, such as the Terraria [66], which generates uniquely random places
by adding noise per pixel and then applies multiple scans each time the algorithm adds
something, such as dirt, cavities, water, flora, etc.

7. Conclusions

In this study, we explored the development of an algorithm designed to enhance the
procedural generation of game environments, particularly for role-playing games (RPGs).
The aim was to create more dynamic and immersive game worlds by varying environmen-
tal structures and conditions, reducing the need for human intervention in the early stages
of large-scale game projects. Our findings demonstrate that while many games, including
dungeon crawlers, maintain a basic pattern across playthroughs, our algorithm can intro-
duce significant variability by altering the placement of structures within environments,
such as replacing a fountain with a market in a village. Additionally, the algorithm has the
potential to create expansive open worlds with distinct regions characterized by unique
environmental conditions. This ability to generate diverse and complex environments
automatically enhances the depth and replayability of RPGs, pushing the boundaries of
procedural content generation [54]. The core program is very lightweight as it does not
demand a lot of resources, about 60 MB on disk and 70 MB on RAM as a final build in
Unity, since all levels/maps are created on the fly during the loading stage and, based on
worst-case complexity, the loading time is negligible.

The algorithm’s capacity to modify game environments on a larger scale presents
significant implications for game design, particularly in the context of RPGs. By automating
the placement and variation of game structures, developers can focus on higher-level design
elements while ensuring that each playthrough offers a unique experience. This approach
not only increases replayability but also opens up new possibilities for creating more
intricate and interactive game worlds. The potential to apply the algorithm to both outdoor
and indoor settings, as well as to multilevel maps, further emphasizes its versatility and
relevance in modern game development. Special attention was given to softlock state
avoidance where a dead-end is revealed without implying that is a bug. This problem was
not present in any cases of our tests, as we predicted, first of all, enough space between
rooms so that a road (in future version) can be added. This behavior prevents a player
from becoming trapped in adjacent rooms as the character is also placed randomly. All
this effort is additionally enhanced by meticulous collision detection methods, especially
those applied in small rooms that are rotated in 360 degrees, where a rotated corner can
dangerously narrow an already tight space. In conclusion, the algorithm represents a
significant step forward in the procedural generation of game environments, particularly
for RPGs and dungeon crawlers. By minimizing human intervention and automating
the creation of diverse and interactive game worlds, this approach has the potential to
revolutionize game development.

Future Trends

Despite the advancements presented, the algorithm still lacks certain features neces-
sary for practical application in real-world software. For example, while the algorithm
effectively varies the placement and size of rooms, it currently does not address the inte-
gration of cosmetic assets or points of interest, such as hidden treasures. Future research
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should focus on these areas, particularly on connecting room entrances with paths that
avoid overlapping with other map elements, and on decorating room interiors with a
broader range of assets. Additionally, enhancing the algorithm to support the creation of
multilevel maps with entrances and exits would further extend its capabilities. The final
intention is for the same algorithm to also be used for decorating room interiors, as the asset
arrangement between outdoor and indoor settings could be similar with similar restrictions,
but in the case of the interior, the number and the variety of elements that will be chosen
to input will be rather larger than outdoor ones. For replayability purposes, in order for
the maximum result to be achieved, outdoor maps will vary in terms of environmental
conditions while decorating them with proper assets. At the same time, the room interior
will vary depending on randomly chosen themes that will be created on the fly by using
suitable rules attached to the current one. Finally, a special addition will be the placement of
an entrance or exit, or both, in each map in the form of a ladder, upwards or downwards, in
order for multilevel maps to be created by moving back and forth, a feature that adds extra
playable time and difficulty. The ultimate goal, though, is for the same algorithm, with
minor adjustments for each case, to be able to create a playable game level from scratch
without any human intervention.
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Appendix A

Input: 15 rows × 50 columns grid area, where maximum number of large, medium, and
small rooms is set to 1, 2, and 3, respectively.

2 dimension vectors: map[x, y] Variables: i, j as counters.
Random values: 0 → large room, 1 → medium room, 2 → small room, 3
→ no room
Maximum elements number: large rooms → 1, medium rooms → 2,
small rooms → 3, decorations (fountain) → 1

–Grid Map creation–
1. for i = 1 to maxColumns(50) do
2. for j = 1 to maxRows(15) do
3. map[i, j] = new Vector2(x, y)
4. y = y + 1 (+1 tile in the row)
5. end for (j)
6. y = 0 (initiate the row tile)
7. x = x + 1 (+1 tile in the column)
8. end for (i)

–Large column loop–
9. for i = 1 to largeColumns(10) do

–The nested "for j" loops chooses in which large row the rooms and decorations will
be placed–

–Large room loop–
10. for j = 1 to largeRows(3) do
11. randomGenerator = randomValue 0 to 3
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12. if randomGenerator == 0 and maxNumberLargeRoom != 0 and noPresenceOfAn-
otherLargeRoom
13. choose a direction other than no face wall
14. create a large room as Vector3(map[i,j].x, map[i,j].y, direction)
15. choose a random scale
16. reduce the maxNumberLargeRoom by 1
17. end if
18. end for (j)

–Medium room loop–
19. for j = 1 to largeRows do
20. randomGenerator = randomValue 0 to 3
21. if randomGenerator == 0 and maxNumberMediumRoom != 0 and noPresenceO-
fAnotherLargeRoom
22. choose a random direction
23. create a medium room as Vector3(map[i,j].x, map[i,j].y, direction)
24. choose a random scale
25. reduce the maxNumberMediumRoom by 1
26. end if
27. end for (j)

–Small room loop–
28. for j = 1 to largeRows do
29. randomGenerator = randomValue 0 to 3
30. if randomGenerator == 2 and maxNumberSmallRoom != 0 and noPresenceOfAn-
otherLargeRoom
31. choose a freely random direction
32. create a small room as Vector3(map[i,j].x, map[i,j].y, direction)
33. choose a random scale
34. reduce the maxNumberSmallRoom by 1
35. end if
36. end for (j)

–Decoration (fountain) loop–
37. for j = 1 to largeRows do
38. randomFountainGenerator = randomValue 0 to 1
39. if randomFountainGenerator == 1 and maxNumberFountain != 0
40. create a fountain as Vector3(map[i,j].x, map[i,j].y, direction)
41. reduce the maxNumberFountain by 1
42. end if
43. end for (j)

–Move to next map large column–
44. nextPointerLargeGridX = 0
45. nextPointerLargeGridY = nextPointerLargeGridY + stepY (10)
46. end for (i)
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Abstract: This paper is poised to inform educators, policy makers and software developers about the
untapped potential of PWAs in creating engaging, effective, and personalized learning experiences in
the field of programming education. We aim to address a significant gap in the current understanding
of the potential advantages and underutilisation of Progressive Web Applications (PWAs) within the
education sector, specifically for programming education. Despite the evident lack of recognition of
PWAs in this arena, we present an innovative approach through the Framework for Gamification
in Programming Education (FGPE). This framework takes advantage of the ubiquity and ease
of use of PWAs, integrating it with a Pareto optimized gamified programming exercise selection
model ensuring personalized adaptive learning experiences by dynamically adjusting the complexity,
content, and feedback of gamified exercises in response to the learners’ ongoing progress and
performance. This study examines the mobile user experience of the FGPE PLE in different countries,
namely Poland and Lithuania, providing novel insights into its applicability and efficiency. Our
results demonstrate that combining advanced adaptive algorithms with the convenience of mobile
technology has the potential to revolutionize programming education. The FGPE+ course group
outperformed the Moodle group in terms of the average perceived knowledge (M = 4.11, SD = 0.51).

Keywords: FGPE; pareto optimization; gamified programming; personalized learning; adaptive
learning; progressive Web Applications (PWAs); mobile learning

1. Introduction

Traditional programming education techniques sometimes struggle to keep students
engaged and motivated. Gamification models provide a solution by including interac-
tive and game-like features that pique students’ attention, improve their engagement,
and create a better understanding of programming ideas. The events of the COVID-19
epidemic prompted higher education institutions around the world to quickly adjust to
remote learning approaches [1,2]. The incorporation of e-learning platforms has been a
popular technique, albeit the transition has not always been effective, frequently resulting
in inferior performance when compared to traditional classroom-based training [3]. To
fully realize the potential of gamified exercises and improve the e-learning experience, it
became clear that these activities should be smoothly integrated into the existing course
structure rather than given via separate platforms [4]. The Learning Tools Interoperability
(LTI) standard developed as a feasible approach to support this integration. Students would
be routed to a gamified learning environment within the e-learning platform itself if LTI
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was implemented, where they may engage in programming exercises. Furthermore, the
outcomes of these activities might be quickly conveyed back to the e-learning platform,
allowing for real-time feedback [5]. Gamified programming exercise selection models have
received a lot of attention in recent years as a way to improve learning and engagement
in programming education. These platforms use gamification aspects in conjunction with
programming exercises to incentivize and encourage learners to actively engage in the
development of their programming abilities. A significant body of research now suggests
that gamification techniques and serious games play a crucial role in enhancing learning
outcomes in programming education [6,7]. The underlying premise is that these approaches
make learning more enjoyable and engaging, which in turn leads to improved knowledge
retention and application [8,9].

Gamification has a positive impact on students’ motivation [10,11]. Techniques such
as points, badges, leaderboards, and challenges can stimulate students’ competitive nature
and foster collaboration [12,13]. Serious games, especially those addressing real-world
issues, such as sustainable development [14] and healthcare [15,16], can foster deeper
understanding and enhance programming skills. The game ‘Eco JSity’ is a successful
example of integrating sustainability topics into programming education [14]. Gamifica-
tion can improve self-efficacy in programming [11]. The perceived ability to perform a
task often translates into better performance. Game-based learning approaches enhance
student experience, knowledge gain, and usability in higher education programming
courses [17]. Researchers also highlight different levels of gamification, from partial to
full integration, into the course. For example, the SHOOT2LEARN project [18] and the
game ‘SQL Island’ [19] mix gameplay with programming, enhancing student engagement.
Meanwhile, ‘SpAI War’ is used for learning artificial intelligence algorithms [20]. These
studies collectively suggest that gamification and serious games provide new, innovative
ways to teach programming [21]. They transform the traditionally complex and abstract
programming concepts into interactive, relatable scenarios for students. This helps to
reduce the intimidation factor often associated with learning to program, which in turn can
lead to improved motivation and self-efficacy [22]. However, it is essential to consider the
varying degrees of success in implementing gamification, which is not always granted [23].
The effective integration of these techniques into a course requires thoughtful design and
ongoing evaluation to ensure they are meeting the intended learning objectives [24]. Gam-
ified programming systems rely heavily on engaging learners. The studies look at the
motivating elements, pleasure, and immersion that learners have when using the mobile
platform [25]. Analyzing the effectiveness of gamification features in creating intrinsic
motivation and sustained engagement is part of this. Moreover, while game-based learning
and gamification demonstrate promise, they are not a one-size-fits-all solution. They should
be used alongside traditional teaching methods to cater to diverse learning styles and needs.
More empirical studies are also needed to understand their long-term impacts and potential
side effects (e.g., whether they lead to an over-reliance on reward structures) [26].

Technological advancements, such as the growth of mobile devices, online learning
platforms, and instructional software, have opened the opportunity for gamification meth-
ods to be implemented in programming education. The availability of technologies and
platforms to facilitate gamified learning experiences has fuelled the demand for these
approaches. Although gamified exercises through LTI offer potential [27], there was always
a need to improve the programming learning environment for mobile device users [28]. To
solve this, a mobile gamified Programming Learning Environment (PLE) can be created
utilizing Progressive Web Application (PWA) technology [29]. PWAs leverage new APIs
and capabilities to deliver functionality comparable to native apps, such as push notifica-
tions, sensor integration, and the ability to have an access icon on the device’s application
launcher [30]. It is critical to assess the usability of mobile platforms to ensure that learners
can easily explore, participate, and finish programming tasks. Examining characteristics
such as ease of use, learnability, efficiency, and mistake prevention are all part of usability
evaluations. Despite the potential benefits of PWAs in education, their use is restricted
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and their recognition in the area is minimal. The reasons for this limited acceptance are
yet unknown [31]. PWAs tend to be underused, with the method going mostly unnoticed
in the programming education sector [32]. This knowledge gap emphasizes the need for
more PWA research and study in the context of educational applications. The Framework
for Gamification in Programming Education (FGPE) was created to fill these shortcomings.
This method sought to provide a comprehensive framework for the use of gamification
techniques in programming education, spanning requirement design, the collection of gam-
ified exercises, and the creation of supporting software [33]. The PWA design was chosen
as part of its implementation to create mobile-like web apps with increased functionality
and user experience.

This paper provides an in-depth examination of the integration of the Pareto-optimized
gamified exercise selection model into e-learning courses using the LTI standard. It also
emphasizes the potential of mobile gamified PLEs based on PWA technology to improve
the programming learning environment for mobile device users. The FGPE method offers
a framework for gamification in programming instruction, as well as the development
of accompanying applications. Significant efforts were made during the installation of
the FGPE strategy to optimize the performance of the mobile gamified PLE with a Pareto
optimal exercise selection approach. This improved the efficiency of the app in providing
programming training and the overall learning experience, as was confirmed by students
utilizing these methodologies. Cross-country comparisons were also conducted to help
understand the differences in user experience and educational results between areas and
technical aspects that can impact user experience [34] in different nations.

We have aimed to assess the general attitude of mobile device users towards the
PWA version of the FGPE PLE platform, as well as the suitability of the mobile version for
different learning contexts. The evaluation used self-report measures, such as rating scales,
to gather feedback from the users. Additionally, the study employed the User Experience
Questionnaire (UEQ) to obtain a more detailed understanding of users’ views on the
mobile version of the platform. The responses from students in Poland and Lithuania were
compared to identify any cross-country differences. Furthermore, a knowledge evaluation
survey compared the effectiveness of the FGPE+ model with a classic Moodle course in
teaching programming. The survey assessed the perceived knowledge of learners in each
group. Lastly, the study evaluated the effectiveness of using the Sharable Content Object
Reference Model (SCORM) in the FGPE+ model.

This paper is organized as follows. Section 2 reviews existing approaches to gamifica-
tion in education. Section 3 describes the conducted experiment, including information
on participants, the design of the gamified programming task selection model, and the
implementation of such a model in FGPE. Section 4 presents the results of the evaluation
of this implementation in various aspects. Section 5 discusses the outcomes of our study
and its potential impact in STEM (Science, Technology, Engineering, and Mathematics)
education. Finally, Section 6 summarizes the contributions of this work.

2. Overview of Approaches to Gamification in Educational Apps

According to research, well-designed gamification models can improve learning out-
comes in programming education. They can boost student motivation, encourage long-term
engagement, and improve information retention and skill development. As a result, ed-
ucational institutions and companies are looking for efficient ways to improve learning
outcomes in programming education. By bringing game design ideas and mechanics to
programming learning environments, general gamification approaches for programming
education attempt to improve student engagement, motivation, and learning results [35].
We frequently encounter recognizable elements such as:

• The Points, Badges, and Leaderboard (PBL) model entails allocating points to accom-
plished tasks or achievements, awarding badges for particular achievements, and
keeping leaderboards to display student standings [36]. It uses competition and prizes
to inspire students and promote a sense of accomplishment and growth.
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• Quests and Levels model, in which learning activities are arranged into quests or
missions, and learners move through a series of obstacles or levels [37]. Each level
often provides new concepts or programming tasks, resulting in a logical learning
path. Completing quests or levels opens additional content or features, giving the
player a sense of advancement and success.

• Storytelling and narrative model that includes storytelling and narrative components
into the programming learning process [38]. It develops immersive settings, characters,
and plotlines to emotionally engage learners and relate learning information to real-
world circumstances. Learners take on parts in the plot and embark on quests or
missions, making learning more interesting and meaningful [39].

• The Achievements and unlockables model, as in video games, provides a system of
achievements and unlockables [40]. Learners receive rewards when they complete
particular programming assignments, grasp concepts, or reach milestones. Unlock-
ables are extra challenges, added content, or special features that become available as
learners progress and meet certain goals.

• The Companion or virtual pets model involves the incorporation of companion char-
acters or virtual pets into the programming learning environment [41]. By completing
programming assignments or demonstrating expertise, students can care for their
virtual pets, earn rewards, and unlock additional capabilities. Throughout the learning
process, the companions provide comments, direction, and encouragement [42].

• By integrating collaborative challenges and tournaments [43], the Collaborative chal-
lenge and tournament model stimulates collaboration and competitiveness among
learners. Students create groups, collaborate to solve programming issues, and com-
pete against other groups. It promotes camaraderie and pleasant rivalry while encour-
aging cooperation, communication, and problem-solving abilities [44].

• The Simulations and Virtual Environments Model [45] use simulations or virtual
environments to provide realistic programming scenarios. Within the simulated
environment, learners participate in hands-on coding activities such as constructing
virtual apps or solving virtual programming tasks. Simulations provide a secure
environment for experimentation and practice, allowing students to apply principles
in a real-world setting [46].

• Gamification models almost always some include feedback and progress monitor-
ing [47]. Learners immediately receive feedback on their coding performance, flagging
problems and offering improvements. Progress tracking techniques such as progress
bars, skill trees, or visual representations assist learners in seeing their progress and
providing a sense of success [35].

• Gamified Learning Analytics combines learning analytics [48] with gamification [49].
It collects data from learners’ interactions with gamified programming environments
to gather insights into their learning habits, progress, and areas for growth. To improve
learning outcomes, these insights enable tailored feedback, adaptive interventions,
and instructional decision-making.

Empirical studies and scientific research are used to develop evidence-based gami-
fication models for programming education in order to improve learning outcomes and
engagement in programming education [50]. Below, we offer a rundown of some of the
more popular research-based gamification approaches used in programming education:

• Goal-Structure Theory emphasizes the importance of defining specific objectives and
creating a structured learning environment [51]. It underlines the significance of
defining distinct, difficult, and attainable goals in programming assignments. Clear
goals provide learners a feeling of direction and purpose, which promotes motivation
and attention throughout the learning process.

• Learner autonomy, competence, and relatedness are all emphasized in Self-Determination
Theory [52]. It demonstrates that learners are motivated when they feel in charge of
their learning, recognize their competency in programming tasks, and feel connected
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to others. Gamification components that encourage autonomy, skill development, and
social interaction can boost student motivation and engagement.

• The goal of Flow Theory [53] is to generate a state of “flow” in which learners are
completely absorbed and interested in programming tasks. Flow occurs when learners
confront tasks that are appropriate for their ability level, receive fast feedback, and
feel a sense of control and concentration. Flow experiences in programming education
can be facilitated by gamification features that increase challenge, feedback, and
focused attention.

• In programming education, Social Cognitive Theory stresses the importance of ob-
servational learning, social interaction, and feedback [54]. Learners may watch and
learn from other people’s programming techniques, participate in collaborative coding
exercises, and receive constructive comments from peers or instructors. Based on this
principle, gamification models stimulate social learning, give chances for knowledge
exchange, and promote positive reinforcement [55].

• The Cognitive burden Theory [56] is concerned with controlling cognitive burden
during programming activities. It implies that instructional design should aim to
reduce external cognitive strain while increasing internal cognitive demand. Based on
this principle, gamification models may include interactive components, step-by-step
assistance, and scaffolded learning to minimize cognitive load and improve learning
efficiency [57].

• Mastery Learning [58] advocates for a mastery-based approach to programming in-
struction. It pushes students to grasp basic programming concepts and abilities before
moving on to more difficult topics. Gamification methods based on mastery learning
give adaptive feedback, tailored learning routes, and chances for purposeful practice to
assist learners in achieving mastery and establishing a solid programming foundation.

• Personalized and adaptive gamification models adjust the learning experience to the
qualities, interests, and needs of the individual learner [59]. They use student data,
such as performance history and learning styles, to modify the difficulty level, material
sequencing, and feedback in programming exercises dynamically. Personalization and
adaptability boost student engagement, improve learning efficiency, and accommodate
a wide range of learning profiles [60].

To prevent possible downsides, it is critical to find a balance between gamification
components and primary learning objectives [61]. Careful implementation, constant as-
sessment, and adaptive design based on learner input may help maximize the benefits
of research-based gamification models, while limiting the obstacles that come with them.
Gamification models can enhance programming education by catching learners’ attention
and inspiring them to actively participate in learning sessions. The incorporation of game
features can boost engagement and interest in programming by creating a sense of excite-
ment and challenge [62]. By combining aspects such as incentives, accomplishments, and
competition, gamification taps into both inner and extrinsic motivating factors. Learners are
driven to complete goals, gain badges, and climb leaderboards, which might inspire them
to continue studying and achieve higher outcomes. Gamification models may be tailored
to meet the requirements and preferences of individual learners. Adaptive components
and individualized feedback can create tailored learning experiences, allowing students
to advance at their own speed while receiving focused assistance [63]. Personalization
encourages a more effective and efficient learning process. Gamification models frequently
include interactive coding exercises, simulations, and challenges, giving learners hands-on
practice. Through active experimentation, learners may apply programming ideas in a
practical setting, developing their problem-solving and coding abilities [64]. Gamified
programming environments may provide learners with rapid feedback on their coding per-
formance. Instant feedback enables learners to quickly detect and rectify errors, reinforcing
their comprehension and enabling deeper learning.

However, there are various drawbacks to employing research-based gamification
techniques [65]. There is a danger that learners will become more focused on obtaining
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points, badges, or rankings than on true learning. If the game aspects take precedence over
the learning objectives, learners may participate in superficial engagement, prioritizing the
gamification features above real comprehension and skill development. While competition
may be inspiring, it can also create a climate that inhibits learners from collaborating
and cooperating. Some students may become demotivated or disengaged if they believe
they are slipping behind their peers, resulting in unpleasant learning experiences [66].
Gamification models should be carefully built to be compatible with the programming
education setting and learning objectives. Not every game element may be appropriate or
helpful for every programming topic or learning scenario. Gamification features should be
relevant, meaningful, and connected with the targeted learning goals. Learners’ learning
methods, interests, and motivations vary [67]. Gamification methods may not appeal to all
learners in the same way, and what drives one student may not inspire another. Individual
variations must be considered, and gamification tactics must be tailored to different learner
profiles. Maintaining and implementing gamified programming environments necessitates
constant work and resources. Updating material, tracking learner progress, and fixing
technological difficulties can be time-consuming and may need specialized staff or systems
to support the gamification model’s long-term viability [68].

In order to overcome all these drawbacks, several gamification design frameworks
appeared in the last decades to provide a systematic and structured approach to avoid
the ad hoc implementation of gamification components and learning theories, enabling
organizations to effectively scaffold the development of a well-defined gamification strategy.
Existing gamification design frameworks can be divided into process-based frameworks,
component-based frameworks, and goal-based frameworks.

Process-based frameworks provide a structured approach to gamification design,
guiding designers through a series of steps. Following these steps, designers ensure that
game design elements are incorporated effectively. Some examples of these frameworks are
Octalysis, 6D, and Game Thinking. The Octalysis framework defines and builds upon the
eight core drives of human motivation [69]: Epic Meaning and Calling, Development and
Accomplishment, Empowerment of Creativity and Feedback, Ownership and Possession,
Social Influence and Relatedness, Scarcity and Impatience, Unpredictability and Curiosity,
and Loss and Avoidance. The framework is based on a human-focused design, i.e., de-
signed to motivate users, as opposed to function-focused design, i.e., designed assuming
users complete their tasks in a timely manner, as they are required to do so. The 6D Frame-
work [70] is a design process composed of six steps, namely “Define business objectives”,
“Delineate target behavior”, “Describe yours players”, “Devise activity loops”, “Don’t
forget the fun” (i.e., ensure that there is fun while using with the system), and “Deploy
appropriate tools”. The Game Thinking Framework [71] combines game design, systems
thinking, design thinking, and agile/lean practices into a recipe for gamification designers.

Component-based frameworks focus on specific game design elements, providing
guidelines to apply these elements into non-game contexts. One of the most popular gami-
fication design frameworks, the Mechanics–Dynamics–Aesthetics (MDA) framework [72],
belongs to this group. The MDA framework breaks games down into three components:
mechanics, dynamics, and aesthetics. Mechanics are the base game components such as
rules and algorithms. Dynamics include the run-time behavior of the mechanics acting
on player input, which involve other mechanics. Aesthetics are the player’s emotional
responses to the system, such as sensation, fantasy, narrative, challenge, fellowship, dis-
covery, expression, and submission. The MDA framework provides precise definitions for
these terms and seeks to explain how they relate to each other and influence the player’s
experience. Other component-based frameworks include the SAPS (Status, Access, Power,
and Stuff) framework [73], which focuses on the four key components of gamification
design: status, access, power, and stuff, and provides guidelines for incorporating these
components into non-game contexts.

Goal-based frameworks capitalize on the desired outcomes of the gamification design
process (e.g., increased engagement, motivation, and learning), providing guidelines to
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achieve these outcomes by using game design elements. Examples of frameworks in
this category are RAMP (Relatedness, Autonomy, Mastery, and Purpose) [74] and ARCS
(Attention, Relevance, Confidence, and Satisfaction) [75]. The RAMP framework focuses on
four key outcomes of gamification design: retention, achievement, mastery, and progress.
The framework provides guidelines for achieving these outcomes through game design
elements such as points, levels/stages, badges, leaderboards, prizes and rewards, progress
bars, storyline, and feedback. The ARCS model focuses on the four key components of
motivation: attention, relevance, confidence, and satisfaction.

3. Materials and Methods
3.1. Materials

The 23 Lithuanian students from the Faculty of Informatics ranged in age from 18 to
25 years. Variations were noted within this range, with a few older persons falling slightly
outside of it. The gender distribution among the student cohort favored male students,
who had a larger representation than females. Notably, the sample includes a handful of
transgenders, contributing to the group’s diversity of gender identities. All 23 students in
the sample were pursuing programming-related specialties. This emphasis demonstrates
their unique interest in learning about creating, building, and maintaining software systems.
The majority of the participants were from Lithuania, which corresponded to the location
of Kaunas University of Technology.

The 49 Polish respondents were 1st-year students of IT in Business and IT & Econo-
metrics attending the Introduction to Programming course at the Faculty of Economics,
Finance, and Management of University of Szczecin. Almost all of them were 19 years
old; 1/4 of them were female, and 3/4 male. Alike the students at Kaunas University of
Technology, they have a passion for developing software systems, yet in contrast to them,
they are more focused on enterprise information systems rather than software in general.

3.2. Pareto-Optimized Gamified Programming Task Selection Model

Designing a Pareto-optimized gamified programming task selection model (Figure 1)
for adaptive personalized learning involves the creation of a multi-objective optimization
model that seeks to balance multiple competing factors such as the learner’s interests,
abilities, task difficulty, novelty, and relevance to the curriculum. In this context, Pareto
optimization refers to a state of allocation where it is impossible to make any one individual
better off without making at least one individual worse off.

Figure 1. Pareto-optimized gamified programming task selection model.

The model has the following key components:

1. Programming task bank: A repository of programming tasks, each classified according
to their difficulty level, related topic, required skills, estimated completion time, etc.

2. Learner profile: A dynamic profile for each learner capturing their programming
skill level, areas of interest, learning pace, historical performance on tasks, preferred
learning style, etc.
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3. Gamification elements: Incorporation of game design elements such as points, badges,
leaderboards, achievement tracking, feedback, progress bars, storyline, etc.

Formally, the model can be described as follows:

Let L = {L1, L2, . . . , Ln} be the set of learners.

Each learner Li is represented as a tuple (idi, sli, ini, pi, hi, sti), where:

idi is the id,

sli is the skill level,

ini is the set of interests,

pi is the learning pace,

hi is the history of completed tasks,

sti is the learning style.

Let T = {T1, T2, . . . , Tm} be the set of tasks.

Each task Tj is represented as a tuple (idj, dj, tj, sj, timej), where:

idj is the id,

dj is the difficulty level,

tj is the topic,

sj is the set of required skills,

timej is the estimated completion time.

Let A : L × T → 2T be the assignment function, where 2T is the power set of T.

This function assigns to each learner a set of tasks, i.e., A(Li) = {Ti1, Ti2, . . .} ⊆ T.

Let O : L × T → 2T be the Pareto optimization function, defined as:

O(Li, T) = {Tj ∈ T | there does not exist Tk ∈ T such that Tk is better than Tj for Li}.

Let U : L × T ×R → L be the update function, defined as:

U(Li, Tj, per f ormance) = L′
i, where L′

i is the updated learner profile based on the

performance on task Tj.

Here, L is the set of learners, each represented as a tuple of parameters. T is the set of
tasks, each represented as a tuple of parameters. A is the assignment function that maps
each learner to a set of tasks. O is the Pareto optimization function that assigns a learner
a subset of tasks for which there are no better alternatives. U is the update function that
updates a learner’s profile based on their performance on a task.

The model starts by initializing the learners and tasks. Each learner is then assigned a
set of tasks that are Pareto optimized for them. The Pareto optimization process involves
finding the balance between different objectives (learner’s interests, skill level, pace, etc., vs.
the task’s difficulty, skills required, topic relevance, etc.) to maximize the learning outcome.
The learner’s profile is updated after they complete a task based on their performance, and
the task assignment process can be repeated as necessary. Gamification elements can be
added to the model to increase learner engagement.

3.3. Implementation

Our goal was to fill a substantial knowledge gap on the potential benefits and inade-
quate use of Progressive Web Applications (PWAs) in the education sector, particularly for
educational programming. The FGPE+ model provides programmers with a unique and
engaging mobile user experience (see Figure 2). To create an effective and pleasant learning
environment, it blends the ideas of Pareto optimization, gamification, and programming
exercises. The PWA-based mobile-compatible solution has a clean and straightforward
user experience that facilitates navigation and interaction. The interface is designed in
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a modern, minimalist style, with an emphasis on usability and clarity. When new users
start the app, they are met with a full onboarding experience that introduces them to the
features and capabilities of the FGPE+ model. Within the app, users are encouraged to
create individualized profiles. They can choose their preferred programming language
(Javascript, Python, Java, C#, Cpp), skill level, and areas of interest. This data allows the
FGPE+ model to personalize exercise recommendations to the user’s specific requirements
and goals.

Figure 2. Implementation of the FGPE+ approach.

The app’s fundamental feature relies around workout choices. The FGPE+ model
curates a varied set of programming assignments using Pareto optimization methods.
These exercises span a variety of programming languages, ideas, and levels of difficulty.
Users can explore the exercise collection or let the computer recommend workouts based on
their profile and learning objectives. The FGPE+ paradigm encourages users to participate
in ongoing learning. It refreshes the exercise collection on a regular basis, providing
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new problems, upcoming programming languages, and trendy themes. As they move
through their programming adventure, users may set objectives, measure their progress,
and unlock advanced exercises. The UML class diagram represents the classes and their
relationships involved in the algorithm for the Pareto-optimized gamified programming
exercise selection (Figure 3).

1*

*
1

Exercise

- id : int
- difficulty : int
- learningOutcomes : List<String>

+ getId() : int
+ getDifficulty() : int
+ getLearningOutcomes() : List<String>
+ evaluateObjectiveWeights()
+ calculateObjectiveValues()
+ compareTo(exercise : Exercise) : int

ParetoExercise

- objectiveValues : Map<Objective, Double>

+ getObjectiveValue(objective : Objective) : Double
+ setObjectiveValue(objective : Objective, value : Double)
+ dominates(other : ParetoExercise) : boolean

ExerciseSelector

- exercises : List<Exercise>
- objectiveWeights : Map<Objective, Double>

+ selectExercises() : List<ParetoExercise>
+ setExercises(exercises : List<Exercise>)
+ setObjectiveWeights(weights : Map<Objective, Double>)
+ evaluateExercises()
+ paretoOptimization(exercises : List<Exercise>) : List<ParetoExercise>
+ diversityEnhancement(paretoSet : List<ParetoExercise>) : List<ParetoExercise>
+ gamificationIntegration(paretoSet : List<ParetoExercise>) : List<ParetoExercise>
+ personalization(paretoSet : List<ParetoExercise>) : List<ParetoExercise>
+ evaluationAndFeedbackLoop(paretoSet : List<ParetoExercise>) : List<ParetoExercise>

MyExerciseSelector

- threshold : double

+ setThreshold(threshold : double)
+ paretoOptimization(exercises : List<Exercise>) : List<ParetoExercise>
+ evaluationAndFeedbackLoop(paretoSet : List<ParetoExercise>) : List<ParetoExercise>

Objective

- name : String

+ getName() : String

Figure 3. Pareto-optimized gamified programming exercise selection.

1. The exercise abstract class represents a programming exercise. It has attributes such
as id (exercise identifier), difficulty (difficulty level of the exercise), and learningOut-
comes (a list of learning outcomes associated with the exercise). It provides meth-
ods to access these attributes and defines three virtual methods: evaluateObjec-
tiveWeights(to evaluate the objective weights of the exercise), calculateObjectiveVal-
ues() (to calculate the objective values of the exercise), and compareTo() (to compare
two exercises based on their objective values).

2. ParetoExercise
class represents an exercise that includes objective values. It inherits from the Exercise
class and has an additional attribute called objectiveValues, which is a map that
stores objective values for the exercise. It provides methods to obtain and set objective
values for specific objectives and defines the dominates() method to check whether it
dominates another ParetoExercise based on their objective values.

3. ExerciseSelector abstract class serves as the base class for the exercise selection al-
gorithm. It has attributes exercises (a list of exercises to select from) and objec-
tiveWeights (a map that holds the weights of different objectives). It provides meth-
ods to select exercises, sets the exercises and objective weights, and defines six virtual
methods that outline different steps of the algorithm: evaluateExercises() (to evaluate
the exercises based on objectives), paretoOptimization() (to perform Pareto optimiza-
tion on the exercises), diversityEnhancement() (to enhance the diversity of the exercise
set), gamificationIntegration() (to integrate gamification elements into the exercises),
personalization() (to personalize the exercise selection), and evaluationAndFeed-
backLoop() (to evaluate and refine the exercise selection based on feedback).
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4. MyExerciseSelector. This class represents a specific implementation of ExerciseS-
elector. It adds an additional attribute called the threshold (a threshold value for
evaluation) and overrides the paretoOptimization() and evaluationAndFeedback-
Loop() methods to provide custom implementation based on the defined threshold.

5. Objective class represents an objective to optimize in the exercise selection. It has an
attribute name (the name of the objective) and provides a method to access the name.

The FGPE+ concept adds gamification aspects throughout the app to make the learning
experience more interesting. For completing workouts, attaining milestones, and obtaining
high scores, users gain points, badges, and virtual gifts. This gamified method encour-
ages competitiveness, incentive, and ongoing progress. The app monitors and shows the
progress and performance data of users. Users may check their completion rates, accuracy,
and time required to complete each activity. The model offers customized reports and
insights to assist users in identifying their own strengths, shortcomings, and opportunities
for progress. The FGPE+ paradigm encourages user social engagement. Users may join
groups, participate on discussion boards, and work together to solve puzzles. Users may
also compare their performance to that of others, encouraging healthy rivalry and infor-
mation exchange. Users obtain fast feedback on their workout answers, which helps them
understand and improve from their mistakes. The software offers thorough explanations,
code critiques, and advice to help users improve their programming skills. Users may also
seek assistance from mentors or experienced programmers within the app.

Here is the pseudo code of the FGPE+ approach:
Inputs: List of exercises (ExerciseList); exercise attributes (e.g., learning outcomes,

difficulty levels); objective weights (e.g., learning outcomes, engagement).
Outputs: Pareto optimal exercise set (ParetoSet).
Procedure: 1. DefineExerciseSelectionCriteria(); 2. CollectExerciseData(); 3. ParetoOp-

timization(); 4. DiversityEnhancement(); 5. GamificationIntegration(); 6. Personalization();
7. EvaluationAndFeedbackLoop().

Procedure DefineExerciseSelectionCriteria(): Specify criteria for selecting exercises
based on objectives and gamification elements; define attributes to consider, such as learn-
ing outcomes, difficulty levels, or programming concepts.

Procedure CollectExerciseData(): Gather information on exercises, including attributes
and gamification elements; store exercise data in a suitable data structure.

Procedure ParetoOptimization(): Apply multi-objective optimization algorithm (e.g.,
NSGA-II, SPEA2) on the exercise data; generate a set of Pareto optimal solutions considering
the defined objectives and weights.

Procedure DiversityEnhancement(): Enhance diversity in the selected exercise set;
apply niching or crowding techniques to avoid redundancy and promote variety.

Procedure GamificationIntegration(): Integrate gamification elements into the se-
lected exercises; consider elements such as points, badges, levels, leaderboards, or social
interaction features.

Procedure Personalization(): Allow learners to personalize exercise selection based on
preferences, prior knowledge, or skill levels; implement adaptive algorithms for dynami-
cally adjusting exercise difficulty or sequence.

Procedure EvaluationAndFeedbackLoop(): Continuously evaluate the effectiveness of
the exercise selection model; collect user feedback, learning outcomes, and engagement
metrics; refine and improve the algorithm based on evaluation results.

Output ParetoSet: Return the set of exercises representing the Pareto optimal solutions.

4. Results
4.1. Evaluation of the PWA Version of the FGPE PLE Platform by Mobile Device Users

As the main purpose of redeveloping the FGPE PLE platform as a PWA was to make it
more suitable for mobile device users, the first part of its evaluation was aimed at assessing
to what extent we have succeeded. Although this could be evaluated with both self-report
and behavioral measures [76], following the findings of [77] showing that the interpretation
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of the latter is not always straightforward and could be misleading, we decided to go with
the former.

Apart from assessing the general students’ attitude to using the FGPE PLE platform
on a mobile device (Q1), we also strived to assess whether the learning place makes a
difference in the mobile use of the platform (Q2 and Q3), as well as whether the mobile
users still feel the need to use the PC version at all (Q4):

(Q1): How do you generally rate the mobile version of the FGPE PLE platform?
Answer range: 1 (bad)–5 (excellent).

(Q2): Do you think the mobile version of the FGPE PLE platform makes sense for
students learning at home?
Answer range: 1 (bad)–5 (excellent).

(Q3): Do you think the mobile version of the FGPE PLE platform makes sense for
students who study on the go to school/work?
Answer range: 1 (bad)–5 (excellent).

(Q4): Do you think it is possible to learn to write code only using the mobile version of
the FGPE PLE platform—and without using the PC version at all?
Answer range: 1 (bad)–5 (excellent).

The results are summarized in Figure 4. The answers to Q1 demonstrate the over-
whelmingly positive response to the mobile version of FGPE PLE in our study. The answers
to Q2 and Q3 indicate the students see it as a convenient learning tool at home and during
commuting to school/work (more so for the latter than the former). The answers to Q4
show that the students do not believe that programming can be learned only by using
FGPE PLE on their mobile devices.

Figure 4. Results of questionnaire survey.

4.2. User Experience Analysis

In order to obtain a more detailed picture of how the users view the mobile version
of FGPE PLE, the User Experience Questionnaire (UEQ) has been employed [78]. It is a
well-established instrument used to evaluate the user experience of a product or service,
designed to provide developers with a quick and straightforward way to assess the user
experience of their product, be it a website, a software application, or any other kind of
interactive system. It has been previously used for The Evaluation of User Experience on
Learning Management Systems [79]. The UEQ measures six different scales:

• Attractiveness: covers the overall impression of the product, including whether it is
pleasant or enjoyable to use.

• Perspicuity: measures how easy it is for users to understand how to use the product.
• Efficiency: evaluates the perception of how efficiently users can complete tasks using

the product.
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• Dependability: measures how reliable and predictable users find the product.
• Stimulation: evaluates how exciting and motivating the product is to use.
• Novelty: assesses whether the design of the product is creative and innovative and

whether it meets users’ expectations.

The questionnaire itself consists of 26 pairs of opposing adjectives (such as “compli-
cated” vs. “easy”), and respondents rate their experience with the product on a 7-point
Likert scale between these extremes (see Figure 5). The scores from these pairs of ad-
jectives are then used to calculate scores on the six scales listed above. This provides a
comprehensive and nuanced understanding of how users perceive the product or service.

Figure 5. User Experience Questionnaire: responses from study participants.

Students from Poland and Lithuania provided answers to the User Experience Ques-
tionnaire (UEQ), reflecting how they used the FGPE+ model. Each input indicates a score
for a particular aspect of the user experience, such as appeal, perspicacity, effectiveness,
reliability, stimulation, and innovation (Figure 6). These replies come from many student
groups; therefore, they represent the distinctive perspectives and experiences of these
various cohorts.

The availability of data from two countries created an opportunity for a cross-country
analysis. This analysis aimed at identifying discrepancies and/or parallels in the assessment
that could be linked to differences in pedagogy and cultural backgrounds of the students
taught in various countries. Here is a brief analysis of the results:

• Attractiveness: The Lithuanian group had a higher average score (mean = 1.4141,
std = 0.6081) compared to the Polish group (mean = 0.6607, std = 0.5785). This
indicates that the Lithuanian students found the learning environment more attractive
and appealing than the Polish students.

• Perspicuity: The Lithuanian group also scored higher (mean = 1.4914, std = 0.7604)
than the Polish group (mean = 0.5580, std = 0.7732), suggesting that the Lithuanian
students found the learning environment more clear and understandable.

• Efficiency: Again, the Lithuanian group’s score was higher (mean = 1.5193, std = 0.6714)
than the Polish group (mean = 0.2727, std = 0.6650), indicating that the Lithuanian
students found the learning environment more efficient for achieving their tasks.

• Dependability: The Lithuanian group had a higher mean score (mean = 1.2462,
std = 0.8367) than the Polish group (mean = 0.7047, std = 0.7909), indicating they
found the learning environment more reliable and dependable.
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• Stimulation: The Lithuanian group scored slightly higher in this dimension (mean = 1.4972,
std = 0.6408) than the Polish group (mean = 1.2548, std = 0.7053). This means that
the Lithuanian students found the learning environment slightly more exciting and
motivating.

• Novelty: Lastly, the Lithuanian group scored higher in terms of novelty (mean = 1.3701,
std = 0.6361) compared to the Polish group (mean = 0.5738, std = 0.6177). This
suggests that the Lithuanian students found the learning environment more innovative
and creative.

By comparing the data, it is evident that Lithuanian students often score higher on
the UEQ than Polish students. Such results indicates that, globally, Lithuanian students
may have found the FGPE PLE mobile version easier to use. However, it is important
to note that a thorough analysis is difficult without a complete understanding of the
issues that correlate to the presented data. It may simply reflect differing cultural views,
educational backgrounds, or degrees of knowledge with comparable systems rather than
necessarily implying that the approach featuring mobile learning supported with FGPE
is more frequently accepted in Lithuania. The lower results in the Polish student group
may indicate an opportunity for the further development of the FGPE PLE in some areas to
make it more flexible and advantageous for a wider range of users, but it could also be a
reflection of various standards or expectations.

Figure 6. Cross-country comparison of aggregated User Experience Questionnaire scores.

4.3. Knowledge Evaluation Survey: FGPE Approach vs. Classic Moodle Course

Following the guidelines proposed in [80] regarding the evaluation of area-specific
effects of gamification which suggest knowledge improvement as an indicator relevant for
gamification applications aimed at supporting learning, we have used the opportunity that
the Lithuanian group had a parallel group learning programming without the use of the
FGPE toolset, to compare the two educational approaches.

A knowledge evaluation survey was conducted comparing two groups of learners:
the first group used the PWA-based FGPE exercise selection model of the Python pro-
gramming course, while the second one used the typical Moodle course format of Python
programming (non-gamified, lecturer assigned, and ordered programming tasks). Table 1
demonstrates the perceived knowledge evaluation of groups using the FGPE+ model and
the Moodle course, demonstrating the efficacy of the model. The ‘N’ column refers to the
sample size for each group. ‘M (SD)’ represents the mean and standard deviation of the
perceived knowledge scores. ‘t’ and ‘p’ are the t-statistic and p-value, respectively, from a
t-test comparing the game and Moodle course group scores. The FGPE+ course group had
a higher average perceived knowledge score (M = 4.11, SD = 0.51) than the Moodle group
(M = 3.67, SD = 0.56). The t-value indicates that the Moodle course group’s score was higher,
and the small p-value (p < 0.05) suggests this difference was statistically significant. This
could imply that the FGPE+ model was effective in increasing the perceived knowledge.
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Table 1. Perceived knowledge evaluation in groups using FGPE+ model vs. Moodle course.

N M (SD) t p

FGPE+ group 30 4.11 (0.51) 4.21 0.03
Moodle course group 35 3.67 (0.56) 3.63 0.04

4.4. Effectiveness of Using Sharable Content Object Reference Model

The Sharable Content Object Reference Model (SCORM) is a collection of standards
and specifications for web-based educational content. It provides a standardized approach
to creating and delivering online learning content, ensuring interoperability, accessibility,
and reusability. SCORM has been widely adopted by e-learning providers as it ensures that
learning content and Learning Management Systems (LMS) can work seamlessly together,
regardless of the developer or platform. The results of evaluation according to SCORM
criteria are presented in Figure 7). Data were collected using a descriptive survey following
the practice established by [81], and assessment was conducted using their suggested
quasi-experimental approach. ANCOVA results (FT = 3.76; FC = 8.11; p = 0.04) revealed a
substantial difference in the impacts of SCORM-conformant e-content and conventional
material on academic achievement.

Seventeen people (normalized) responded from the original groups of FPGE+ and
Moodle users (see Table 1).

Figure 7. Results of SCORM questionnaire survey.

5. Discussion

We believe that PWAs have not yet gained full momentum in the education sector, and
their use remains limited [82]. There is still somewhat of a scarcity of research and different
uses of PWAs in education, demonstrating that the approach is not commonly recognized
or used in the programming education arena [83]. Our Pareto-optimized approach enabled
a personalized and adapted exercise selection to meet the specific needs and skill levels of
individual learners, demonstrating that adaptive learning algorithms and techniques can
dynamically adjust the difficulty, content, and feedback of gamified programming exercises
based on learners’ progress and performance. To address these issues, the Framework
for Gamified Programming Education (FGPE) was developed. The FGPE framework
includes requirement formulation, a collection of gamified activities, and the creation of
supporting software.

We would like to bring up a few critical topics for reader consideration. The first step
is to examine the long-term consequences. Longitudinal studies are needed to assess the
long-term influence of gamified exercises on students’ programming abilities and infor-
mation retention. We investigate whether incorporating gamification into programming
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instruction results in better long-term learning outcomes than standard techniques [84]. Fu-
ture study should look into how various gamification tactics and mechanics affect students’
motivation, perseverance, and pleasure in programming tasks. Longer research would
also aid in assessing social interaction and cooperation, since including social components
such as competition, collaboration, and peer evaluation might improve students’ learning
experiences and outcomes in the long run.

5.1. Importance of FGPE+ for STEM Education

The FGPE+ model’s potential extends far beyond the realm of programming education
and has significant implications for the broader STEM (Science, Technology, Engineering,
and Mathematics) education landscape. In an era characterized by rapid advancements
in technology and the increasing relevance of digital literacy, effective STEM education
is crucial in order to allow for the break-out of current rigid education schemes [85]. The
FGPE+ model, with its innovative blend of personalization, gamification, and mobile
learning, is a robust tool for enhancing STEM learning experiences.

One of the central tenets of the FGPE+ model is its ability to tailor learning experiences
to individual learners. This approach aligns well with the diverse nature of STEM education,
where learners often come with varying levels of background knowledge and abilities.
The FGPE+ model can accommodate these differences, making learning more effective
and enjoyable. The adaptive algorithm can be extended beyond programming tasks to
include other STEM-related exercises, such as solving mathematical problems or designing
engineering solutions.

The incorporation of gamification techniques in the FGPE+ model is a significant asset
for STEM education [86]. Gamification elements such as badges, points, leaderboards,
and levels can make complex STEM concepts more engaging and accessible, thereby
fostering a positive attitude towards these subjects. These elements can also promote
healthy competition and motivation, encouraging students to continually improve their
understanding and mastery of STEM subjects.

With the prevalence of mobile devices, the mobile-compatible nature of the FGPE+
model offers vast potential for remote and flexible learning. This aspect can break down
barriers to STEM education, allowing learners to access resources and engage with STEM
concepts anytime, anywhere. Mobile learning also aligns with the digital habits of the
current generation, thereby increasing its effectiveness and appeal.

The FGPE+ model’s use of real-world tasks mirrors the application-based learning
that is critical in STEM fields. By engaging with tasks that reflect real-world challenges,
students can gain a deeper understanding of the practical applications of their learning,
making the learning process more meaningful and relevant.

In conclusion, the FGPE+ model is a significant tool that can transform STEM educa-
tion. By making learning more personalized, engaging, flexible, and application-focused,
it aligns with the goals of modern STEM education, promoting increased participation
and achievement in these crucial fields. Future research and development efforts should
consider how the principles of FGPE+ can be effectively integrated and implemented across
various STEM disciplines.

5.2. Limitations

Despite the potential contributions, this study has certain limitations that should
be considered:

• This study used a subset of students from Poland and Lithuania, which may not be
typical of the whole population. We believe that extending the study’s size and altering
the demographics of the participants would potentially increase generalizability.

• This research relied heavily on self-report measures, which are subjective and prone
to bias. Incorporating objective measures, such as performance-based assessments
or tracking system data, could provide a more comprehensive evaluation of the
platform’s effectiveness.
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• The study aimed to assess the FGPE PLE platform in various educational settings and
learning scenarios. The findings may not fully represent the intricacies and complexity
of various educational settings. Future study might look at the platform’s efficacy in
other educational institutions, student backgrounds, and instructional environments.

• The PWA version of the FGPE PLE platform was assessed particularly for program-
ming instruction in the research. The findings may not be applicable in other domains
or topic areas. Replicating the study in additional educational fields would be advan-
tageous in determining the platform’s generalizability.

• The investigation focused on the initial user experience and perceived knowledge.
Understanding the long-term impact of the FGPE PLE platform on learners’ pro-
gramming skill development and information retention would necessitate additional
research outside the scope of this study.

5.3. Potential Lines of Research

The study on the evaluation of the PWA version of the FGPE PLE platform opened up
several potential lines of research:

• We concentrated on evaluating the platform’s initial user experience and perceived
knowledge. More study might be conducted to investigate the long-term consequences
of utilizing the FGPE PLE platform on mobile devices. Longitudinal studies might look
into the long-term influence on learning outcomes, programming skill development,
and knowledge retention.

• In terms of perceived knowledge, we compared the FGPE+ model to a traditional
Moodle course. Future study might compare the efficacy of other educational method-
ologies, such as gamified platforms such as FGPE+ vs. traditional teaching methods.
Comparative research might assist to uncover the advantages and disadvantages of
each strategy and provide ideas into how to improve learning experiences.

• The platform was evaluated mostly using self-report measures in this study. Tracking
user interactions, completion rates, and performance statistics, for example, might give
a more objective evaluation of learners’ progress and engagement with the platform if
learning analytics approaches are used. Analyzing such data might aid in the discovery
of trends, the identification of areas for development, and the implementation of
individualized learning interventions.

• Further study might look into the efficacy of certain instructional tactics used inside
the FGPE PLE platform. Investigating how various gamification aspects, adaptive
learning algorithms, or social interaction features influence motivation, engagement,
and learning results might provide useful insights for building and enhancing educa-
tional systems.

• Our investigation discovered some cross-national disparities in user experience per-
ceptions. More thorough cross-cultural research might provide insight on how cultural
backgrounds and educational environments impact FGPE PLE platform acceptability
and efficacy. Understanding these cultural differences may help with the customiza-
tion and localization of educational systems for varied learner groups.

6. Conclusions

This study explored the use of the FGPE+ model, a Pareto-optimized gamified pro-
gramming exercise selection system, in a mobile learning context. The FGPE+ system,
by integrating principles of Pareto optimization and gamification in a mobile-compatible
platform, offered a unique, personalized, and engaging learning environment for pro-
gramming students. The FGPE+ model’s clean and user-friendly interface was another
aspect that stood out, enabling learners to navigate and interact with the platform easily.
The PWA-based system allowed learners to carry their learning environment with them,
enhancing accessibility and convenience. The students appreciated the tailored exercise rec-
ommendations, adaptive difficulty level adjustments, and gamification elements that kept
them motivated to learn continually. The study also shed light on the effectiveness of the
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model in catering to diverse learners, including those who preferred different programming
languages and had varying levels of skills and interests.

The overwhelmingly positive response to the FGPE+ model in our study is a promis-
ing step towards transforming programming education, paving the way for an array of
exciting future research opportunities. One immediate avenue for future research is to
expand the scope of this investigation beyond the initial Polish and Lithuanian samples.
Conducting comparative studies across different countries and cultures will provide a
more comprehensive understanding of FGPE+’s cross-cultural efficacy and adaptability.
This global approach can also reveal unique regional requirements or preferences, which
can be integrated into the FGPE+ model to create a more universally effective learning
platform. The current study focused on the learner’s perspective. However, insights from
educators who utilize FGPE+ could offer a different perspective, providing additional
ways to improve and optimize the system. They could share valuable input on what
works well in a classroom setting, potential areas of difficulty, or suggestions to improve
learner engagement.

Additionally, the development of more sophisticated adaptive algorithms that lever-
age artificial intelligence (AI) and machine learning (ML) techniques could augment the
FGPE+’s capabilities. These techniques could further personalize the learning experience,
making it more responsive to individual learner’s needs. For instance, the system could
predict what a student might struggle with based on historical data and preemptively
provide resources to mitigate these challenges [87]. Incorporating Virtual Reality (VR)
or Augmented Reality (AR) could also enhance the FGPE+ model’s immersive learning
experiences. VR/AR could be used to simulate real-world programming scenarios, making
abstract programming concepts more tangible and engaging for learners.

The FGPE+ system, although robust, currently supports only a limited set of pro-
gramming languages. Extending its support to encompass a broader range of languages,
including emerging ones, will make it more versatile and valuable to a wider audience.
Finally, we observe potential in exploring the impact of different gamification elements on
learning outcomes. While FGPE+ currently uses a set of gamification techniques, under-
standing which elements are most effective can help refine the system to maximize learner
engagement and achievement.

In conclusion, the FGPE+ system is a promising approach to modernize programming
education. By employing principles of gamification and Pareto optimization in a PWA
platform, it provides an engaging, adaptive, and personalized learning experience. We
believe that the positive results obtained highlight the system’s potential for broader
application. We anticipate that FGPE+ can be adapted to diverse educational contexts,
playing a significant role in programming education across various age groups, skill levels,
and cultural settings. However, more extensive and diverse studies are needed to validate
these findings and refine the model to cater to a broader range of learners. By continuing to
innovate and push boundaries, we believe that FGPE+ has the potential to revolutionize
programming education. Through future research, the model could be further refined to
make learning programming more accessible, engaging, and effective for all.
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Abstract: Gamification, the integration of game design elements into non-game contexts, has gained
prominence in the software engineering education and training realm. By incorporating elements
such as points, badges, quests, and challenges, gamification aims to motivate and engage learners,
potentially transforming traditional educational methods. This paper addresses the gap in systematic
evaluations of gamification’s effectiveness in software engineering education and training by conduct-
ing a comprehensive literature review of 68 primary studies. This review explores the advantages of
gamification, including active learning, individualized pacing, and enhanced collaboration, as well
as the psychological drawbacks such as increased stress and responsibility for students. Despite the
promising results, this study highlights that gamification should be considered a supplementary tool
rather than a replacement for traditional teaching methods. Our findings reveal significant interest in
integrating gamification in educational settings, driven by the growing need for digital content to
improve learning.

Keywords: gamification; software engineering; education; learning; literature review

1. Introduction

Gamification, the integration of game design elements into non-game contexts, has
emerged as a significant approach in various domains, including education and training. It
employs elements such as points, badges, quests, and challenges to motivate and engage
users, thereby enhancing their experience and performance. Its application ranges from
universities to industries.

In the realm of software engineering education and training (SEET), gamification has
the potential to transform traditional learning methods by making them more interactive
and engaging [1]. SEET encompasses the instructional methodologies, curricular designs,
and practical experiences aimed at equipping students and professionals with the knowl-
edge, skills, and competencies required in the field of software engineering. It includes
both formal academic programs, such as university degrees and professional certifications,
and informal learning opportunities, such as workshops, online courses, and bootcamps.
The objective of SEET is to prepare individuals to effectively design, develop, test, and main-
tain software systems, ensuring they meet user needs and adhere to quality standards. SEET
traditionally focuses on imparting technical skills and knowledge necessary for developing
software systems. However, the conventional teaching methods often struggle to maintain
student engagement and motivation [2]. By incorporating gamification, educators can
create a more dynamic and stimulating learning environment, which can lead to improved
learning outcomes. Gamification not only makes learning more enjoyable but also fosters a
deeper understanding of complex concepts through active participation and immediate
feedback [3].
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In the context of professional training, gamification can play a crucial role in continu-
ous learning and skill development. As the software industry evolves rapidly, professionals
need to constantly update their skills and knowledge. Gamified training programs can offer
a more compelling and effective way to achieve this, promoting sustained engagement
and continuous professional development [4]. Moreover, gamification can increase the
awareness of employees in critical scenarios [5] by letting them take action in less time to
avoid dangerous situations [6].

Despite the promising potential of gamification, there is a need for a systematic
evaluation of its application in the SEET topic. This involves examining both the result
improvements and the technical challenges associated with implementing gamified systems.
To address this gap, we conduct a systematic literature review to evaluate the maturity
and impact of gamification in SEET. We propose six research questions aimed at exploring
the effectiveness of gamification in enhancing learning and training outcomes in software
engineering. This review is based on an extensive analysis of 68 primary studies, identified
and filtered through the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) methodology [7]. We assess the evolution of this topic over time,
the application areas, and the results obtained after the implementation of gamification
techniques in university courses. Additionally, we discuss future research directions and
practical implications for educators and trainers in the software engineering domain.

This paper is structured as follows: Section 2 highlights the main points of the chosen
methodology, Section 3 analyzes the background on gamification and SEET topics, Section 4
summarizes results, and Section 5 shows the current literature and the differences between
other reviews and the one proposed in this work. Section 6 concludes the paper.

2. Research Methodology

Our research adheres to the guidelines for a Systematic Literature Review (SLR),
as described in [8]. This study aims to explore the application of gamification in SEET,
covering the literature published from 2015 to 2023, using the PRISMA methodology [7]
and useful tools for paper gathering, such as Zotero https://www.zotero.org/ (accessed
on 1 June 2024), and for tagging and data extraction, such as Python and Microsoft Excel.

2.1. PRISMA Methodology

This section outlines the systematic review methodology employed in this study, fol-
lowing the PRISMA guidelines. This approach ensures a rigorous and transparent review
process, allowing for comprehensive identification, selection, and analysis of relevant studies.

The review is guided by some research questions (RQs) formulated to focus the scope
of this study. These RQs are designed to capture the essence of the investigated topic and
to guide the systematic review process.

The Population, Intervention, Comparison, Outcome (PICO) framework is used to
refine the RQs and set clear criteria for study selection:

• Population: the group or individuals targeted by the intervention.
• Intervention: the specific intervention or exposure being investigated.
• Comparison: the control or comparison group, if applicable.
• Outcome: the outcomes or effects measured in this study.

A search strategy is developed to identify all relevant literature. The search string is
constructed using keywords and phrases pertinent to the research question and is applied
across multiple databases to ensure thorough coverage. Searches are conducted in major
academic databases.

To ensure the selection of relevant and high-quality studies, specific inclusion and
exclusion criteria are established. They are needed to ensure that filtered papers are relevant
to the scope of the study.

The extracted data, based on defined RQs, are then synthesized to provide a compre-
hensive overview of the current state of research on the topic, identify trends, and highlight
gaps in the literature.
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The process for identifying relevant papers, based on the PRISMA guidelines, is
illustrated in Figure 1, generated using the tool explained in [9].
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Reports sought for retrieval
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(n = 68)

Reports of new included studies
(n = 0)

Figure 1. PRISMA search methodology.

2.2. Research Questions Definition

The objectives of this study are twofold: (a) to identify the current state of gamification
in SEET, and (b) to provide a foundation for highlighting gaps and trends in this field,
as well as suggesting future research directions. To achieve these goals, we formulate the
following research questions (RQs):

• RQ1: What is the publication trend in the area of gamification applied to SEET?
This question investigates the trend in publication quantity and the structure of
publication venues, which are useful for understanding the progression of this topic.

• RQ2: In which areas of software engineering is gamification used?
This question aims to identify the key areas of study and their contributions to the
scientific community.

• RQ3: What are the analyzed application areas?
This question explores the benefits of using gamification, considering its impact on
learner engagement and performance.

• RQ4: What contribution does gamification offer when it is applied to SEET?
This question examines the specific contribution and integration of gamification into
educational practices.

• RQ5: On which continents is gamification mostly analyzed?
This question aims to identify the continents that are most interested into gamification
applied to SEET.
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• RQ6: What are the advantages and disadvantages of gamification when applied
to SEET?
This question seeks to understand the the pros and cons to evaluate the success of
gamification in educational settings.

2.3. Paper Selection

Relevant databases were systematically searched to ensure comprehensive coverage
of the literature. A PICO approach was utilized to define the search keywords, grouped
into two main categories:

• Population-related search terms: “Software Engineering education”, “training”.
• Intervention-related search terms: “gamification”, “game-based learning”.

The search string used was “gamification AND (Software Engineering OR programming)
AND (education OR training OR teaching OR learning)”.

This search returned a total of 1756 results. The following databases were searched:
ACM Digital Library (only Open Access content), IEEE Xplore, ScienceDirect, Scopus,
SpringerLink, Wiley Online Library (only Open Access content), and Google Scholar (only
Open Access content). This volume of results is considered appropriate for the scope of
the review.

2.4. Inclusion and Exclusion Criteria

To enhance the reliability and relevance of the studies included in our review, specific
inclusion and exclusion criteria were applied.

Inclusion criteria:

• Studies published between 2015 and 2023.
• Studies written in English.
• Studies published in peer-reviewed journals or conference proceedings.
• Studies focused on the application of gamification in software engineering education

or training.
• Studies that present empirical evidence or substantial theoretical contributions.

Exclusion criteria:

• Studies for which the full text is not available (e.g., article not available online or DOI
not found or not readable without subscriptions): 364 studies.

• Secondary or tertiary studies (e.g., reviews or surveys): 175 studies.
• Studies where gamification is not the main focus but is only mentioned: 284 studies.

By adhering to these criteria, we ensured that the selected studies were pertinent and
of high quality, thereby providing a solid foundation for our systematic review.

A pool of 68 studies is included in the analysis after the application of the screening
procedure. A replication package is available at https://github.com/Mackerkun/Usage-of-
Gamification-techniques-in-Software-Engineering-Education-and-Training-A-Systematic-
Review (accessed on 3 July 2024).

3. Background

This section introduces gamification by giving a common definition gathered from the
analyzed papers. Moreover, it explores the main components of gamification and its role
in SEET.

A brief definition of gamification can be given, based on different analyzed papers [10–14]:
gamification is an approach characterized by the application of game design elements and
principles in non-game contexts to enhance user engagement and motivation. Unlike tradi-
tional educational methods, which often rely on passive learning, gamification leverages the
interactive and stimulating nature of games to create more dynamic learning experiences [15].

In the domain of SEET, gamification has shown significant potential. Traditional
software engineering education typically involves theoretical learning and practical ex-
ercises designed to build technical skills. However, maintaining student motivation and
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engagement can be challenging with conventional teaching methods. By incorporating
gamification, educators aim to make learning more interactive and enjoyable, thereby
increasing student participation [1] and improving learning outcomes [16].

The core components of gamification include the integration of game mechanics,
dynamics, and aesthetics [17].

• Game mechanics refer to the rules and feedback systems that drive gameplay, such as
scoring, levels, and rewards.

• Game dynamics involve the emotions and behaviors induced by the mechanics, such
as competition, collaboration, and achievement.

• Aesthetics pertain to the overall look and feel of the gamified experience, which can
enhance its appeal and immersion.

Application of Gamification in Software Engineering Education

Figure 2 illustrates a typical architecture for gamified educational platforms. This
architecture includes components such as the learning management system, game engine,
and user interface [18]. The learning management system handles educational content and
tracks student progress, while the game engine manages game mechanics and dynamics.
The user interface presents the gamified experience to students, providing them with
interactive and engaging learning activities, typically accessible as web apps [19], created
using some frameworks (e.g., Angular, ReactJS).

Figure 2. A common architecture for gamified educational platforms.

The unique characteristics of gamification make it well-suited for SEET. Gamification
can transform traditional learning environments by promoting active participation, imme-
diate feedback, and a sense of progression. These features help address common challenges
in education, such as student disengagement and the difficulty of maintaining sustained
interest over time [20].

Gamification fosters an interactive learning environment where students can engage in
problem-solving activities that mirror real-world software engineering tasks. This practical
application of knowledge helps reinforce learning and develops critical thinking skills.
For example, gamified platforms might simulate coding challenges or project management
tasks, allowing students to apply theoretical concepts in a controlled, game-like setting.

Moreover, gamification can enhance collaborative learning. By incorporating team-
based challenges and competitive elements, students are encouraged to work together,
share knowledge, and develop essential soft skills such as communication, teamwork,
and leadership [21]. This collaborative aspect is crucial in software engineering, where
teamwork and communication are key to successful project completion.

Despite its benefits, the application of gamification in SEET also presents several
challenges. Designing effective gamified systems requires a deep understanding of both
game design and educational pedagogy. There is a need to balance game elements with
educational content to ensure that learning objectives are met without compromising the
fun and engagement aspects [22].

AC-contract is a systems design approach that uses cognitive psychology concepts,
such as schemas, to ensure that systems remain adaptable and reliable during changes.
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It inserts logical propositions into the source code, verified by a preprocessor, ensuring
that the adaptable code meets the requirements even during changes. Applied to gamified
educational platforms in software engineering (SEET), the use of methodologies such as
AC-contract can ensure that these platforms are effective and reliable by adapting to vari-
ous educational contexts and user interactions. This is crucial in dynamic environments
where educational needs and interactions can change rapidly. In the field of gamification,
the adoption of AC-contract principles allows gamified platforms to maintain effectiveness
and reliability, addressing challenges such as active learning, personalization of study
rhythms, and collaboration while reducing stress and responsibilities for students. This un-
derscores the importance of adaptable and reliable systems and suggests that gamification
should complement, not replace, traditional methods [23].

Moreover, tools like PrOnto, an ontology-driven business process mining tool, demon-
strate the importance of identifying and modeling processes within organizations to im-
prove their effectiveness and competitiveness. PrOnto’s approach of utilizing business
ontologies to classify and abstract business processes can be analogously applied to educa-
tional settings. In gamified educational environments, understanding and modeling the
learning processes can enhance the personalization and effectiveness of gamified interven-
tions. By leveraging ontologies to dynamically exploit knowledge at runtime, similar to
PrOnto, educational systems can better adapt to the needs and contexts of learners. This
dynamic adaptation is crucial in gamified platforms where the engagement and motivation
of learners are influenced by how well the system can personalize the experience based on
real-time data analysis and contextual understanding [24].

To address the proposed challenges and explore the potential of gamification in SEET,
a systematic evaluation of existing studies is necessary. This involves assessing the design,
implementation, and outcomes of gamified educational tools and identifying best practices
and areas for improvement.

4. Results and Discussion

The following section analyzes results of the performed review. Each subsection
answers one of the six proposed research questions.

4.1. RQ1: What Is the Publication Trend in the Area of Gamification Applied to SEET?

To analyze the temporal evolution of research on gamification in SEET, we examined
the publication trends over the past years. Figure 3 illustrates the number of publications
per year from 2015 to 2023.

The analysis reveals several notable trends. Starting in 2015, there were a modest
number of publications, increasing over the next few years. A significant rise is observed
in 2018, with the number of publications peaking at 11. This increase indicates growing
interest and recognition of the potential benefits of gamification in SEET during this period.

Interestingly, the number of publications remained stable in 2019, again with six papers,
before experiencing another rise in 2020 with eight publications. The most substantial
growth occurred in 2021, with a peak of 16 publications. This surge can be attributed to the
COVID-19 pandemic, which necessitated remote learning solutions and the adoption of
innovative teaching methodologies, including gamification, to engage students in virtual
environments. The continued interest in gamification indicates that it remains a relevant and
important area of research in SEET, together with the higher number of journal publications
in recent years.

Figure 4 presents the distribution of publication types, differentiating between confer-
ence papers and journal articles.
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Figure 3. Publication trends over time for gamification in SEET.

Figure 4. Distribution of publication types for gamification in SEET.

The analysis reveals that the majority of the research output on gamification in SEET
has been in the form of conference papers. This is indicative of the dynamic and rapidly
evolving nature of the field, where researchers prefer the relatively faster dissemination
route offered by conferences to share their latest findings and innovations. Approximately
80% of the total publications were conference papers, reflecting the community’s emphasis
on quick dissemination and discussion of new ideas.

In contrast, journal articles, which typically undergo a more rigorous and lengthy
peer-review process, constituted around 20% of the publications. This lower percentage
suggests that while there is a substantial amount of exploratory and preliminary research
being conducted, fewer studies have reached the level of maturity required for journal
publication. The presence of journal articles, however, highlights that some research in
this domain has achieved significant depth and rigor, contributing to a more formal and
comprehensive understanding of gamification in SEET.

204



Computers 2024, 13, 196

4.2. RQ2: In Which Areas of Software Engineering Is Gamification Used?

Figure 5 illustrates the sectors where gamification has been applied in SEET.

Figure 5. Sectors of application for gamification in SEET.

The analysis indicates that the predominant application area for gamification in SEET
is within university-level software engineering programs, which accounts for 30 studies,
about 44% of the analyzed studies. This reflects a significant focus on integrating gamified
approaches to enhance the learning experiences of students in higher education, particularly
in courses related to software engineering, as shown in papers [11,14,25].

Schools and related educational institutions represent the second most common sector,
with 23 studies, 34% of the analyzed papers. This includes primary, secondary, and other
non-university educational contexts where gamification is used to make learning more
engaging and effective.

Companies are also exploring the use of gamification (9% of the papers). In the
corporate sector, gamification is employed to improve employee training, professional
development, and motivation, as shown in [26]. The lower number of studies in this sector
could be due to the proprietary nature of corporate training programs, which might not be
as widely documented in academic literature.

The “Other” category, encompassing nine studies, includes various applications that
do not fit neatly into the previously mentioned sectors. This involves informal learning
environments, online courses, or interdisciplinary studies where gamification is applied.

4.3. RQ3: What Are the Analyzed Application Areas?

To explore how gamification is used within SEET, we first understand the search
type of selected papers, then we analyze the various application areas where gamified
approaches are implemented.

To evaluate the depth of analysis on gamification in SEET, we categorized the 68 pri-
mary studies into five distinct groups based on their focus: Proposal, Analysis, Imple-
mentation/Tool, Validation, and Other. The distribution of studies across these categories
provides insight into the current state and focus areas of research in this field. Results are
shown in Figure 6.
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Figure 6. Distribution by search type.

• Proposal: This category includes studies that introduce new concepts, frameworks,
or methodologies for applying gamification in SEET. We identified 10 papers that
primarily focus on theoretical foundations and suggest innovative approaches to
integrating gamification into educational contexts.

• Analysis: In this category, 10 studies provide detailed examinations of existing gamifi-
cation techniques and their impacts on learning outcomes.

• Implementation/Tool: The largest category, with 24 studies, focuses on the practical
aspects of implementing gamification. These papers describe the development and
deployment of specific tools, platforms, or software that incorporate gamification
elements into SEET. They often include case studies or reports on pilot projects.

• Validation: Comprising 17 studies, this category includes empirical research that
evaluates the effectiveness of gamification through experiments, surveys, or longitu-
dinal studies. These papers provide evidence-based insights into how gamification
influences student engagement, motivation, and learning outcomes.

• Other: The remaining seven studies cover various other aspects of gamification that do
not fit neatly into the above categories. This includes research on the broader impacts
of gamification, such as its effects on educational policy, its role in lifelong learning,
and interdisciplinary applications.

The categorization reveals a balanced approach to exploring gamification in SEET,
with significant emphasis on practical implementation and empirical validation, and while
a substantial number of studies propose and analyze gamification frameworks, the majority
focus on real-world applications and their validation, highlighting a strong interest in
understanding the practical benefits and challenges of gamification in education.

Figure 7 illustrates the distribution of the application areas. The analysis reveals that
the primary use of gamification in SEET is for teaching support, which constitutes 56% of
the studies. This significant proportion indicates that gamification is predominantly applied
to enhance educational experiences, making learning more engaging and interactive for
students. Examples of this include the incorporation of game elements into lectures, assign-
ments, and assessments to motivate students and improve their learning outcomes. Work
improvement represents 19% of the applications. This area focuses on using gamification
to enhance productivity, collaboration, and efficiency in software engineering practices.
For instance, gamified tools and platforms are used to improve team dynamics, project
management, and individual performance within software development teams. Approach
analysis accounts for 18% of the studies. This area involves evaluating and analyzing the
effectiveness of different gamified approaches and methodologies in SEET. Research in
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this domain aims to understand the impact of gamification on learning outcomes, student
engagement, and overall educational quality. Serious games constitute 7% of the appli-
cations. These are games designed for purposes beyond mere entertainment, specifically
to educate and train individuals in software engineering concepts and practices. Serious
games provide immersive and interactive learning environments that simulate real-world
software engineering challenges. For instance, a serious game might involve a scenario
where players must collaboratively debug a software application or manage a software
project with constraints and deadlines [27]. These games are categorized based on their
educational objectives and the inclusion of realistic software engineering tasks. An example
is “SimSE” [28], a game that simulates software engineering processes, allowing students
to experience the impact of their decisions on the project’s outcome. Another example is
“CodeSpells” [29], where players write code to cast spells, learning programming logic and
problem-solving skills in a magical context. Serious games enhance understanding and
retention of complex software engineering principles.

Figure 7. Application areas of gamification in SEET.

4.4. RQ4: What Contribution Does Gamification Offer When It Is Applied to SEET?

To answer this RQ, we summarize the main contribution of each paper in Table 1.
This table provides an overview of the key findings from each study, highlighting the
specific ways in which gamification has been applied to the education topic. By examining
these contributions, we can identify common themes, benefits, and challenges associated
with gamification in this context, offering insights into its effectiveness and areas for
further research.

Table 1. Main finding for each analyzed paper.

Paper Contribution

Ortega-Arranz et al. [13]

This paper discusses the use of gamification in MOOCs for a large
number of students, using automatic tools to assign rewards
(flipped-classroom tickets, quiz benefits, extra learning content)
for a course on Spanish history from the 11th to the 16th century.
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Table 1. Cont.

Paper Contribution

Arif et al. [30]

This paper covers the use of gamification for web programming
in high schools, specifically for learning HTML, CSS,
and JavaScript. The gamification involves a web app with
rewards such as avatars, lives, and time constraints.

Rahim et al. [31]
This paper focuses on using gamification to learn linear algebra,
with storytelling as the main gamified element, along with avatars
(king or queen), levels representing different topics, and scoring.

Hajarian and Diaz [32]
This paper describes creating an application with gamification
techniques, emphasizing a reward-based system with
customizable items, score saving, and leaderboards.

Iquira et al. [33]

This paper presents a mobile application using gamification to
understand software engineering, particularly extreme
programming (XP), with points and level progression as elements.
Positive results were achieved in testing.

Robledo-Rella et al. [34]

This paper describes a mobile and web application for learning
discrete math, physics, and chemistry through gamification, using
quizzes, points, customizations, and avatars, with positive
feedback from students.

Gomes
Fernandes Matsubara and
Lima Corrêa Da Silva [35]

This paper mentions using a gamified platform to learn software
engineering, utilizing missions, experience points (XPs), and level
progression.

Rodrigues et al. [36]

This paper surveys software engineering professors to determine
if GBL and gamification improve learning outcomes,
with positive results and gamified elements such as quizzes,
points, levels, and badges.

Quinde et al. [37]
This paper uses gamification in a penitentiary for digital literacy,
with tutorials guiding inmates through basic literacy and
computing concepts.

John and Fertig [38]

This paper uses Moodle for gamification in agile and scrum
model learning, with points, badges, anonymous leaderboards,
quizzes, and storytelling, though the latter was less engaging over
time.

Ivanova et al. [39]

This paper utilizes various existing platforms with gamification
for software engineering learning, including Kahoot and “Who
Wants to Be a Millionaire?” for theoretical testing, and platforms
for project role division and coding.

Gasca-Hurtado et al. [40]

This paper describes creating a tool for educators to develop
educational content with gamification elements, tested on a
software engineering course using Happy Faces for points and
Kahoot for web 2.0.

Carreño-León et al. [41]
This paper applies gamification to basic programming learning
using playing cards with commands, forming groups to solve
assigned algorithms, with different difficulty levels.

Sherif et al. [42]
This paper describes a platform (CoverBot) using gamification to
teach code debugging, with levels, graphics, and sounds to
enhance user experience.

Norsanto and Rosmansyah
[43]

This paper applies gamification to civil service training with a
custom application using missions, points, ranking systems,
levels, and badges.
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Table 1. Cont.

Paper Contribution

Call et al. [44]

This paper uses gamification for understanding algorithms and
data structures in C++, with Moodle incorporating points and
leaderboards to motivate faster assignment completion, and a
Q&A forum for extra points.

Trinidad et al. [45]

This paper analyzes a multi-context, narrative-based platform
(GoRace) for educational and workplace use, with storytelling,
challenges, rewards, penalties, rankings, and a shop for
advantageous items.

Prasetya et al. [46]
This paper uses a tower defense game for learning formal
languages, where users defend a processor from bugs while
creating abstract syntax trees for assigned commands.

Bucchiarone et al. [47]
This paper discusses gamification in programming and modeling
(UML diagrams) using PolyGlot and PapyGame platforms with
points, XP, levels, coins, and rewards.

Lema Moreta et al. [48]
This paper applies gamification to a risk management course with
a web app using points, levels, and leaderboards for competition,
with positive results.

Ouhbi and Pombo [49]
This review surveys instructors, identifying gaps in SEE teaching
and proposing solutions like SWEBOK guidance, Mentimeter,
and Flipped Classroom.

Villagra et al. [50] This paper provides gamification implementation examples like
Flipped Classroom, recorded short lessons, and group projects.

Moser et al. [51]
This paper uses gamification for university project development,
suggesting characteristics like negative points for wrong code and
positive points for solving software quality issues.

Rattadilok et al. [52] This paper presents “iGaME”, a bot for teaching machine learning
algorithms in classrooms using gamification.

Bucchiarone et al. [53] This paper uses gamification in “Minecraft” to teach Scrum
development methods to electrical engineering students.

Ebert et al. [54] This paper describes applying gamification in Vector to develop
software applications, enhancing user engagement and learning.

Maxim et al. [55] This paper describes teachers using gamification principles like
realistic stories for students to immerse in software creation tasks.

Jiménez-Hernández et al.
[56]

This paper presents the serious game “Tree Legend” for studying
trees/graphs.

Nagaria et al. [57]
This paper describes MOOC platforms like Moodle using the
“CodeRunner” plugin for coding questions and “Pacman” for
pathfinding algorithms.

Margalit [58] This paper describes “Capture the Flag” for understanding AI,
machine learning, and microprocessor decoding.

Stol et al. [59]

This paper discusses gamification in software engineering
training to expand knowledge of new development technologies,
with younger SWE more receptive than seniors. Stackoverflow’s
gamification with badges and reputation is also mentioned.

Fulcini and Torchiano [25] This paper proposes using ChatGPT to find strategies for
implementing gamification in software engineering Education.

Ðambić et al. [60]
This paper presents an experiment in a Croatian university
during COVID-19, using a mobile app for short lessons and
gamified elements like leaderboards, points, and rewards.
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Table 1. Cont.

Paper Contribution

Mi et al. [61]

This paper discusses GamiCRS, a web application using PBL
(Points-Badges-Levels) for coding skill improvement and student
motivation, tested in a Hong Kong university with
positive feedback.

Monteiro et al. [14]
This paper presents MEEGA+, a framework for evaluating
educational games in software engineering using the GQIM
approach, evaluated by three researchers in five phases.

Takbiri et al. [11]
This paper discusses gamification’s impact on students and
teachers in software engineering, education, and psychology,
highlighting improvements in individual skills and teamwork.

Molins-Ruano et al. [12]
This paper discusses e-valUAM, an adaptive gamified system
tested in a Madrid university using the MUD model to
enhance engagement.

Tsunoda and Yumoto [10]
This paper compares the PRBL (points-ranking-badges-levels)
gamification method with traditional teaching, highlighting its
advantages and disadvantages.

Skalka et al. [62]
This paper discusses Microlearning, an action-oriented approach
with short lessons, combined with interactive gamification
elements using the Octalysis Framework.

Silvis-Cividjian [63]
This paper discusses a course for medical, aerospace, and IT
equipment testers using gamification to address various teaching
challenges and enhance realism.

Makarova et al. [64]
This paper highlights the advantages and disadvantages of
e-learning, showing how gamification can improve teaching and
training with role-playing, exercise games, and simulation games.

de Paula Porto et al. [65] This paper characterizes how gamification has been applied in
software engineering, identifying benefits and challenges.

Vlahu-Gjorgievska et al. [66]
This paper discusses the inclusion of computational thinking in
curricula and the need for an educational approach involving
various stakeholders.

Chan et al. [67]
This paper examines a course on professional software
development and the integration of gamification to enhance
learning outcomes.

Figueiredo and
García-Peñalvo [68]

This paper highlights the motivational power of games and
explores gamification’s potential to increase student engagement
in programming courses.

Pratama et al. [69]
This paper describes the development and impact of Rimigs,
a gamification system aimed at improving student engagement
and learning outcomes.

Naik and Jenkins [70]
This paper reviews the role of agile methodologies in software
development education and how gamification can enhance
collaborative learning.

Swacha and Szydłowska
[71]

This paper evaluates the effectiveness of gamification in computer
programming education through various case studies and
learning outcomes.
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Paper Contribution

Sousa-Vieira et al. [72]
This paper analyzes the impact of social learning and
gamification on higher education, focusing on activity levels and
learning results.

Ren and Barrett [26]
This paper explores the importance of communication in software
management and how gamification can improve team
interactions and project outcomes.

Monteiro et al. [73]
This paper presents the recurring theme of gamification in
software engineering education literature and its influence on
student engagement.

Jusas et al. [74]
This paper assesses the potential of gamification to enhance
student engagement, drive learning, and support sustainable
educational practices.

Maher et al. [75]

This paper introduces the Personalized Adaptive Gamified
E-learning (PAGE) model, which extends MOOCs with enhanced
learning analytics and visualization to support learner
intervention. The results indicate a positive potential for learning
adaptation and the necessity of focusing on gamification.

Bachtiar et al. [76]

This paper develops an e-learning system named Code Mania
(CoMa) that integrates gamification elements like leaderboards
and badges to increase student engagement in a Java
Programming course. The system performs well as specified,
demonstrating the potential of gamification in enhancing
e-learning environments.

Laskowski [77]

This paper investigates the applicability of gamification across
different higher education courses through an experiment
involving computer science students. The study shows the
comparative results of gamified and non-gamified groups,
indicating the impact of gamification on student performance.

Fuchs and Wolff [78]

This paper presents an online learning platform with gamification
elements designed for software engineering education. It
combines formative assessment with gamification to enhance
learning experiences, providing detailed examples and
system design.

Bucchiarone et al. [79]

This paper reports on the outcomes of the 6th International
Workshop on Games and Software Engineering, highlighting the
growing complexity and need for theoretical frameworks in
gamification. The workshop covered perspectives on software
projects, testing, and design, with insights from keynotes and
panel discussions.

Bucchiarone et al. [80]

This paper presents POLYGLOT, a gamified programming
environment targeting programming languages education and
text-based modeling languages like SysML v2. The approach
allows for the creation of heterogeneous gamification scenarios,
enhancing the learning experience.

Poecze and Tjoa [81]

This paper explores the relevance of publication bias tests in
meta-analytical approaches to gamification in higher education. It
discusses the challenges in conducting meta-analyses due to
heterogeneity and compares methods for correcting
publication bias.
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Paper Contribution

Cabezas [82]

This paper introduces a continuous improvement cycle for
teaching scenarios in engineering, combining gamification theory
and ABET criteria. The proposed cycle is applied in a computer
programming course, showing a positive impact on student
engagement and learning outcomes.

Bucchiarone et al. [83]

This paper discusses the convergence of game engineering,
software engineering, and user experience to create solutions
blending game strengths with real-world applications. It
highlights the potential benefits of gamification and serious
games in various domains such as education and healthcare.

Ristov et al. [84]

This paper presents a gamification approach in a hardware-based
course on microprocessors and microcontrollers for computer
science students. The approach improved course grades and
motivated students to enroll in other hardware courses,
demonstrating the positive impact of gamification on student
interest and performance.

Bernik et al. [85]

This paper presents empirical research on the use of gamification
in online programming courses. A gamified e-course was
designed, and its impact on student engagement and use of
learning materials was examined, showing potential benefits of
gamification in e-learning.

Schäfer [86]

This paper reports on a gamification approach using Minecraft to
train students in Scrum, an agile project management method.
The study compares two teaching periods, highlighting findings
and lessons learned from using game-based learning to teach
Scrum principles.

Petrov et al. [87]

This paper analyzes gamification software for promoting minority
languages. It provides an overview of current educational
software and assesses the need for new gamification solutions to
support regional and minority languages.

Tsalikidis and Pavlidis [88]

This paper presents jLegends, an online multiplayer platform
game designed to teach programming with JavaScript. The game
employs a role-playing approach to enhance learning through
game mechanics, demonstrating the effectiveness of game-based
learning in programming education.

4.5. RQ5: In Which Continents Is Gamification Mostly Analyzed?

An analysis on the geographical distribution of relevant papers reveals that Europe
is the leading region, with 41% of the studies, as shown in Figure 8. This significant
proportion indicates a robust interest and investment in gamification strategies within
European educational institutions and research communities.

The prominence of European research in this field suggests that many universities
and educational bodies in Europe are actively exploring and implementing gamification
to enhance learning outcomes. This focus could be driven by several factors, including
the strong support for educational innovation in European countries, the availability
of funding for educational research, and the collaborative networks among European
researchers. The “hybrid” field includes papers where authors have affiliations from two
or more continents, to avoid inconsistencies in the data extraction.
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Figure 8. Geographical distribution of studies on gamification in SEET.

4.6. RQ6: What Are the Advantages and Disadvantages of Gamification When Applied to SEET?

The application of gamification as an educational tool has been the subject of extensive
analysis, revealing both its advantages and disadvantages. We examine the potential
benefits and drawbacks of this technique below.

Among the advantages, gamification has been shown to significantly enhance student
participation [89] and interest [68] compared to traditional teaching methods. For instance,
in the study conducted at the University of Applied Sciences Würzburg-Schweinfurt [38],
40 students were surveyed, with 27 respondents. Initially, 35% of students reported moder-
ate motivation levels before engaging with the gamified course. Post-intervention, 40% of
students indicated increased motivation due to the gamification content, although nearly
20% did not find it motivating at all. This finding aligns with the broader research on
gamification, highlighting that motivation varies among individuals and is influenced by
different types of gamified elements [35].

Furthermore, the economic growth associated with gamification is notable. As re-
ported in [45], the gamification market is projected to expand from USD 9.1 billion in 2020
to USD 30.7 billion by 2025, with a growth rate of 27.4% per year. This underscores the
increasing interest and investment in gamification as a promising educational approach.
Gamification also provides intrinsic benefits for student motivation. By offering rewards
and real-time feedback, students can visualize their progress and achievements, thereby
enhancing their learning experience.

However, the application of gamification is not without its challenges. Some limita-
tions of gamification in SEET are summarized below [36]:

• Difficulty in measuring performance improvements;
• Increased workload for educators [75];
• Lack of digital platforms to implement gamified techniques [36];
• Challenges in engaging all students;
• Difficulty for some students to understand the gamification method;
• Lack of appreciation for the method by some students;
• Difficulty for students in gaining human feedback, for platforms in which gamification

is used alongside Artificial Intelligence [25];
• Insufficient knowledge of gamification approaches;

213



Computers 2024, 13, 196

• Limited time and interest: students can sometimes become annoyed or disengaged by
gamification elements if they find them distracting [90];

• Scarcity of materials and resources [75];
• Ensuring proper use of gamification by students.

The analysis indicates that gamification, like any pedagogical method, presents both
strengths and weaknesses. The primary challenge lies in the nascent stage of this technique,
which precludes definitive conclusions about its long-term efficacy [51]. Nevertheless, short-
to medium-term studies and experiences in educational settings provide valuable insights
into its potential benefits and limitations [91]. Furthermore, the novelty of gamification
means that large-scale, comprehensive studies are currently lacking, making it difficult to
obtain a fully reliable overview of all its advantages and disadvantages. Continued research
and practical implementation are essential to fully understand the impact of gamification
on education.

5. Comparison with Other Review Papers

Different reviews on the topic of gamification applied to SEET were examined. The main
ones are proposed below, together with analyzed databases and main findings.

Dal Sasso et al. [92] propose a critical overview of gamification and its application
in supporting software engineering tasks, starting from the IEEEXplore database. They
highlight how to implement gamified approaches and propose a method to evaluate
gamification systems. However, the presented work is not a systematic review, but a first
approach in evaluating the literature.

Pedreira et al. [93] carry out a systematic mapping study to analyze papers between
2011 and mid-2014. They use Scopus, Science Direct, IEEEXplore, ACM Digital Library,
and Springer databases to gather papers and find 29 primary contributions: main results
show that research in this field is still preliminary, and most of the considered papers
focus on software development and not on proving empirical evidence of pros and cons
of gamification.

Barreto et al. [94] carry a mixed-approach literature review, composed of both an
ad hoc review in which they manually select relevant papers and a systematic review
following software engineering guidelines based on ACM Digital Library, IEEEXplore,
and Science Direct databases. They conclude that “researchers in the field tend towards a
strict view of gamification, the practical results of gamification are unclear and polemic,
and this research area has still much to improve”.

Ngandu et al. [95] analyze 15 papers, conducting a literature review on IEEEXplore
and Science Direct to understand the impact of gamification and its key elements to student
interest in software engineering. Their main findings regard points and leaderboards,
considered as the main elements used in this topic.

Chamorro-Atalaya et al. [96] study the impact of COVID-19 pandemics in the edu-
cation shift and the opportunities carried by gamification in online teaching. Analyzed
papers are gathered from Taylor & Francis, IEEEXplore, and Scopus. Software engineering
and Computer Science result to be the main topics in which gamification is applied, and the
application of gamification effectively generates motivation, commitment, and permanent
participation of students.

Monteiro et al. [97] analyze papers coming from IEEEXplore and ACM Digital Library
that report procedures for the evaluation of gamification. However, only three of the 64
studies actually propose evaluation models for gamification. The main finding is that “the
evaluation of gamification requires a mix of subjective and objective inputs, and qualitative
and quantitative data analysis approaches”.

Analysis of related works shows the need for developing an updated literature review,
to analyze not only teaching effectiveness, but also the role of gamification in software
engineering-based jobs. Our review also makes an analysis on how the effectiveness of
gamification in SEET is measured. The comparison between the different reviews is sum-
marized in Table 2. The columns in the table include the reference for the reviewed work,
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key terms used in this study to highlight its focus areas, whether this study followed a
systematic review or mapping methodology, the primary setting or context where gam-
ification was applied, whether this study involved or considered industrial applications
or partnerships or their involvement in the SEET topic, and a summary of the practical
findings regarding the effectiveness or impact of gamification as reported by the study.

Table 2. Comparison between related works and our review.

Reference Keywords Systematic
Approach

Main Application
Field

Industrial
Applications Findings

Dal Sasso et al. [92]

Games, Software
Engineering, Context,
Psychology, Computer Bugs,
Collaboration, Systematics

No Universities No No findings

Pedreira et al. [93]
Gamification, Software
Engineering, Systematic
Mapping

Yes Universities No No findings

Barreto and França
[94]

Motivation, Engagement,
Gamification, Software
Engineering

Mixed Universities No Unclear practical
results

Ngandu et al. [95]

Gamification, Software
Engineering, Student
Interest, Game Elements,
Engagement, Motivation,
Participation

Yes Student
engagement No No findings

Chamorro-Atalaya
et al. [96]

Gamification, Engineering
Education, Design, Success
Factors, Motivation

Yes
Universities after
COVID-19
pandemics

No No findings

Barbosa Monteiro
et al. [97]

Gamification, Systematic
Mapping, Evaluation,
Software Engineering,
Education

Yes Universities Yes Yes

Our proposal
Gamification, Software
Engineering, Education,
Learning, Literature Review

Yes Universities and
companies Yes Yes

6. Conclusions

The use of gamification in SEET is a contentious and highly debated topic among
experts in teaching, while disagreements exist regarding the integration of gaming aspects
into educational systems, numerous proposed projects and studies have demonstrated
positive outcomes that support the efficacy of gamification.

The advantages of using game environments for teaching are numerous. Gamification
allows students to actively construct their understanding of topics, learn at their own
pace individually or collectively in spontaneous groups, and proceed on different paths at
varying speeds according to their interests and abilities. It also promotes collaboration and
encourages just-in-time learning, as opposed to general training.

However, this teaching method also has some psychological drawbacks, particularly
concerning its potential negative effects on students. Students, with gamification, are free to
fail and free to experiment, and while these freedoms aim to provide students with the ideal
tools to build their own experiences, they can also lead to an overclock of responsibility.
This can result in a stressful and unmanageable situation for some students.

Our review, based on the analysis of 68 papers, reveals a significant interest in using
gamification in universities and secondary schools. Despite its recent development and
the promising studies showcasing its effectiveness, there remains a tendency to rely on
traditional learning methods, often overlooking the potential of gamification. Nonetheless,
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the growing need to integrate digital content to enhance learning has spurred an increased
interest in this alternative method. It is crucial to recognize that not all students or users are
motivated by gamification, and while the majority may find it effective, there will always
be a percentage of students who prefer traditional teaching methods due to differing
attitudes and learning times. Therefore, it is unrealistic to expect a single tool to be
universally effective.

In conclusion, gamification in education should be viewed as a valuable support tool
rather than a total replacement for traditional teaching methods. As highlighted in many of
the analyzed papers, gamification is often used alongside classic, proven teaching methods
and sometimes as an alternative support. Its potential to enhance learning experiences
is significant, but it must be integrated thoughtfully to complement and not completely
replace traditional educational approaches.
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74. Jusas, V.; Barisas, D.; Jančiukas, M. Game Elements towards More Sustainable Learning in Object-Oriented Programming Course.
Sustainability 2022, 14, 2325. [CrossRef]

75. Maher, Y.; Moussa, S.M.; Khalifa, M.E. Learners on Focus: Visualizing Analytics through an Integrated Model for Learning
Analytics in Adaptive Gamified E-Learning. IEEE Access 2020, 8, 197597–197616. [CrossRef]

76. Bachtiar, F.A.; Pradana, F.; Priyambadha, B.; Bastari, D.I. CoMa: Development of Gamification-based E-learning. In Proceedings
of the 2018 10th International Conference on Information Technology and Electrical Engineering (ICITEE), Bali, Indonesia, 24–26
July 2018; pp. 1–6. [CrossRef]

77. Laskowski, M. Implementing Gamification Techniques into University Study Path - A Case Study. In Proceedings of the 2015
IEEE Global Engineering Education Conference (EDUCON), Tallinn, Estonia, 18–20 March 2015; pp. 582–586. [CrossRef]

219



Computers 2024, 13, 196

78. Fuchs, M.; Wolff, C. Improving Programming Education through Gameful, Formative Feedback. In Proceedings of the 2016
IEEE Global Engineering Education Conference (EDUCON), Abu Dhabi, United Arab Emirates, 10–13 April 2016; pp. 860–867.
[CrossRef]

79. Bucchiarone, A.; Cooper, K.M.L.; Lin, D.; Melcer, E.F.; Sung, K. Games and Software Engineering: Engineering Fun, Inspiration,
and Motivation. ACM SIGSOFT Softw. Eng. Notes 2023, 48, 85–89. [CrossRef]

80. Bucchiarone, A.; Martorella, T.; Colombo, D.; Cicchetti, A.; Marconi, A. POLYGLOT for Gamified Education: Mixing Modelling
and Programming Exercises. In Proceedings of the 2021 ACM/IEEE International Conference on Model Driven Engineering
Languages and Systems Companion (MODELS-C), Fukuoka, Japan, 10–15 October 2021; pp. 605–609. [CrossRef]

81. Poecze, F.; Tjoa, A.M. Meta-Analytical Considerations for Gamification in Higher Education: Existing Approaches and Future
Research Agenda. In Proceedings of the 2020 4th International Conference on Informatics and Computational Sciences (ICICoS),
Semarang, Indonesia, 10–11 November 2020; pp. 1–6. [CrossRef]

82. Cabezas, I. On Combining Gamification Theory and ABET Criteria for Teaching and Learning Engineering. In Proceedings of the
2015 IEEE Frontiers in Education Conference (FIE), Washington, DC, USA, 21–24 October 2015; pp. 1–9. [CrossRef]

83. Bucchiarone, A.; Cooper, K.M.L.; Lin, D.; Smith, A.; Wanick, V. Fostering Collaboration and Advancing Research in Software
Engineering and Game Development for Serious Contexts. ACM SIGSOFT Softw. Eng. Notes 2023, 48, 46–50. [CrossRef]

84. Ristov, S.; Ackovska, N.; Kirandziska, V. Positive Experience of the Project Gamification in the Microprocessors and Microcon-
trollers Course. In Proceedings of the 2015 IEEE Global Engineering Education Conference (EDUCON), Tallinn, Estonia, 18–20
March 2015; pp. 511–517. [CrossRef]
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Abstract: In recent years, gamification has captured the attention of researchers and educators,
particularly in science education, where students often express negative emotions. Gamification
methods aim to motivate learners to participate in learning by incorporating intrinsic and extrinsic
motivational factors. However, the effectiveness of gamification has yielded varying outcomes,
prompting researchers to explore adaptive gamification as an alternative approach. Nevertheless,
there needs to be more research on adaptive gamification approaches, particularly concerning mo-
tivation, which is the primary objective of gamification. In this study, we developed and tested an
adaptive gamification environment based on specific motivational and psychological frameworks.
This environment incorporated adaptive criteria, learning strategies, gaming elements, and all crucial
aspects of science education for six classes of third-grade students in primary school. We employed a
quantitative approach to gain insights into the motivational impact on students and their perception
of the adaptive gamification application. We aimed to understand how each game element experi-
enced by students influenced their motivation. Based on our findings, students were more motivated
to learn science when using an adaptive gamification environment. Additionally, the adaptation
process was largely successful, as students generally liked the game elements integrated into their
lessons, indicating the effectiveness of the multidimensional framework employed in enhancing
students’ experiences and engagement.

Keywords: adaptive gamification; science education; adapted game elements; students’ motivation

1. Introduction

Educators have consistently prioritized students’ active participation in the classroom
as a fundamental aspect [1]. With the dynamic influence and continuous progress of
technology, it is essential to develop innovative learning environments that cater to the
requirements and interests of contemporary learners, thereby fostering an engaging and
inspiring educational experience [2,3]. The attainment of high levels of student engagement
and motivation is of great importance, as research has demonstrated its positive impact
on academic achievement [4,5]. In recent years, there has been a notable increase in the
utilization of digital games across various domains, including academia [6]. This trend has
sparked the interest of researchers and practitioners, leading to the emergence of a novel
approach known as gamification [7]. The COVID-19 pandemic has further highlighted
an ongoing challenge wherein numerous students struggle to effectively regulate their
motivation, particularly within digital learning settings [8,9].

Promoting science education is crucial for the progress of our society and the devel-
opment of individuals who possess scientific literacy, enabling them to comprehend and
appreciate the intricacies of the world [10]. Science education nurtures essential learning
skills and fosters attitudes that emphasize the significance of evidence-based decision-making
while nurturing social and environmental consciousness. These benefits extend to individuals
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regardless of their future involvement in the fields of science and technology [10,11]. Students
at all educational levels have consistently encountered challenges when grasping scientific
concepts [12,13]. The complexity associated with comprehending and understanding science-
related concepts often leads to negative emotions, unfavourable experiences, and diminished
motivation for learning among students [14,15]. However, other factors can influence sci-
ence learning, such as teacher self-efficacy and motivation [16], geographical differences [16],
gender differences [15], and school setting [15].

The increasing popularity of games in our society has sparked significant interest
among educators and instructional developers in a concept known as gamification. Al-
though the term “gamification” was initially introduced in 2008, it was not until 2010 that
it gained broader acceptance [7]. Since then, its popularity has continued to grow steadily
and remains a central concept today [17]. Gamification in education refers to “incorporating
game mechanics, aesthetics, and the cognitive and behavioural aspects associated with
games into non-game-related educational content” [18]. This approach aims to engage and
motivate students, address challenging situations, and enhance the learning experience
through digital materials.

Extensive research has solidified the understanding that gamification holds significant
potential to influence and drive desired changes in behaviour [17,19]. Despite being ap-
plied for nearly a decade, the existing literature on gamification reveals varied outcomes
concerning its effectiveness in enhancing learning and motivation [20]. These mixed re-
sults suggest that the commonly employed “one size fits all” approach to gamification,
which assumes similar reactions from all users towards gamification elements, may be
insufficient [21,22]. The lack of adaptation of game elements and the absence of an appro-
priate didactic approach tailored to the individual needs of each learner, combined with
the frequent presentation of repetitive game elements, can contribute to higher levels of
abandonment over time [23]. Furthermore, the absence of a well-defined and carefully
planned design can also result in adverse outcomes [19,24,25]. It is essential to consider
these parameters when designing a gamified app [26] and implementing it in a classroom
setting [27].

Previous studies have powerfully shown that for gamification to be effective, it should
be adapted to align with users’ expectations and individual preferences [3,28,29]. Indeed,
adapting game elements to cater to individual preferences can be challenging, considering
the diverse range of learners and their varying motivations for learning. However, it is
essential to note that adaptive gamification, which involves tailoring game elements based
on individual user actions, preferences, and characteristics [30], is still a relatively new
concept. There are currently only a limited number of approaches described in the literature,
and even fewer specifically designed to be content-specific and not generic [29,31].

The development of the adaptive gamification environment to teach scientific concepts
related to the water cycle was based on a framework encompassing adaptive criteria,
learning strategies, gaming elements, and all vital aspects of the learning process related to
specific science education [31]. Our main objectives are to understand primary education
students’ motivation and engagement when utilizing an adaptive gamified application
specified for science-related content and the motivational impact game elements had on
students. More specifically, our research questions are:

• What was the motivational impact of this adaptive gamification environment on the
students regarding science education?

• How did the adaptive game elements motivate students?

2. Literature Review
2.1. Adaptable Gamification and Science Education

Overall, the interaction and correlation between students and science education in
schools is often described as problematic. It is believed that there is a decline in motivation,
attitudes, and interest, mainly as students grow up. Similar thoughts are derived when
considering gender differences favouring boys. The motivation to learn science is seen as an
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influential factor in the development of scientific literacy among individuals [32]. Motivation
is crucial in science education and acquiring scientific knowledge and skills [32]. Empirical
studies have already established a connection between motivation to engage in science
and academic performance [33,34]. Even though motivation towards science can impact
the learning process [35], it is essential to note that various factors, like personal interests,
personality traits, and cognitive style, can contribute to individual motivation [34,36].

In recent years, gamification has gained considerable attention as a concept that has
been shown to enhance student engagement and motivation to learn, particularly in various
fields and science education [17,20]. This aspect has become even more crucial as learners
no longer seem as engaged with traditional teaching approaches as they once were [15].
The concept of gamification utilizes game elements and mechanics, known for their ability
to motivate and engage players over extended periods, and applies them to nongame
contexts. Its main goal is to replicate the same level of motivation and engagement for other
purposes beyond gaming [37]. In addition, technological developments have facilitated
the expansion of gamification into digital environments. This includes using applications
or platforms that leverage digital devices such as computers, tablets, or smartphones [38].
As a result, science gamification applications have seen a noticeable increase [17]. Unlike
other educational games, the primary objective of these applications is not solely focused
on learning, although learning is an indirect outcome. The main goal is to modify learner
behaviour or attitude within a specific context [39] (p. 759).

Nevertheless, it is essential to note that motivation varies among individuals, and
different people can be motivated by various elements in specific ways. Consequently, in
a gamified environment, interactions with the game can impact individuals differently
based on their unique motivational factors [26]. Additionally, it is worth mentioning that
gamification has its challenges, as several studies have raised concerns regarding its impact
on learning outcomes and motivation [40,41], including science education [42,43]. As such,
it has become apparent that gamification’s “one size fits all” approach is not enough [22,30].
The nonadaptation of game elements and the appropriate didactic approach to the needs of
each trainee individually, as well as the frequent presentation of similar and repetitive game
elements, can increase abandonment levels in the long run [23]. Users do not necessarily
have the same style when playing and achieving their tasks and goals, and they are usually
motivated by specific game elements and mechanics [44]. Consequently, researchers have
focused on adapting gamified environments to meet students’ characteristics [45,46].

As per the Horizon Report 2021 [47], adaptive learning uses technologies that track
students’ progress and modify instructional approaches by leveraging data and various
information. Adaptive learning technologies “dynamically adapt the level or type of
course content based on an individual’s abilities or skill acquisition. This process involves
automated interventions and interventions from instructors, all aimed at accelerating the
learner’s performance” [48]. Adaptive gamification enhances learner participation by
adapting and integrating different game elements and mechanics according to the user’s
characteristics [30]. It is designed to incorporate specific elements responsive to the learner.
Including all elements relevant to different types of learners carries the risk of creating an
excessive user interface overload [49]. However, adaptive gamification is still in its early
stages [31].

Based on the available literature, adaptive gamification has yielded various out-
comes. While there is evidence supporting the positive motivational impact of adaptive
gamification, such as increased engagement [50], motivation [23,51], and retention [49],
these effects may not apply to all player types [52,53]. Furthermore, there are instances
where students using both adapted and nonadapted game elements have reported similar
flow experiences [54]. In terms of learning performance, students have demonstrated
higher task completion [22] and course completion rates [23], as well as improved learning
outcomes [51]. However, studies investigating student motivation and learning outcomes
still need to be expanded and cannot provide a clear overview. Additionally, according to

223



Computers 2023, 12, 143

Hallifax et al. [55], conflicting results raise concerns regarding user modelling and selecting
relevant game elements.

As Seaborn and Fels [56] have highlighted, the challenges the adaptive gamification
approach faces are the interplay between gamification elements, dynamics, and user charac-
teristics. They noted the need for an ideal gamification system to integrate game elements
seamlessly. Therefore, the main challenge lies in developing a feasible design and imple-
mentation of adaptive gamification that effectively tackles these concerns. This entails
utilizing customised game elements to match the students’ characteristics and needs.

2.2. Gaming Elements

Game mechanics are a crucial component of gamification applications, and their sig-
nificance becomes even more significant in adaptive gamification. According to Kapp [18],
game application elements encompass various aspects, including challenges, badges, points,
storytelling, etc. These mechanics are employed to enhance engagement and motivation
within the gamified experience. Given their influence on students’ behaviour, engage-
ment, and motivation, it is crucial to recognize, select, and apply game elements within
gamification. Carefully considering and implementing these elements can significantly
impact the overall effectiveness and success of the gamified experience [18,57]. Designing
a successful gamification system is complex and contains several inherent difficulties. It
is important to note that incorporating numerous game elements simultaneously only
sometimes guarantees a practical gamification experience [58]. Indeed, within the literature,
different terminologies are used to define what could be the same game element. This
variation arises because some works employ definitions at different levels of abstraction.
For example, “progression” and “level” may refer to the same game element, depending
on how the gamification system is structured or conceptualized. This highlights the need
for clarity and consensus in defining and categorizing game elements to ensure effective
communication and understanding in gamification research and practice [59].

Furthermore, despite the growing utilization of gamification in education [60], the
assessment of the impact of the various game elements in education needs to be supported
by factual, empirical findings. More rigorous empirical studies and research in this area are
necessary to understand better how specific game elements impact learning outcomes and
student engagement. Following the call for a deeper understanding of incentives in such
contexts [61], it is strongly suggested [62] that additional studies explore the degree to which
game mechanics influence the overall motivations of participants in idea contests. This
highlights how specific game mechanics impact individuals’ motivations and engagement
in collaborative innovation processes such as idea contests.

2.3. Framework

The framework approach employed in the adaptive gamification environment aligns
with the suggestions made by Zourmpakis et al. [31]. This framework revolves around two
key factors. The first factor is the player model, which categorizes students’ preferences
for playing modes and game elements into six categories based on the Hexad model [2,63].
The categories are [64]:

• Achievers: They are primarily driven by a sense of competence. They enjoy engag-
ing in new experiences and taking on challenges to demonstrate their abilities and
accomplishments.

• Players: They are primarily motivated by external rewards. The rewards the system
provides highly influence them, significantly impacting their behaviour, even if unre-
lated to their main progress or objectives. The reward system is crucial in motivating
and shaping their engagement within the gamification environment.

• Philanthropists: They are primarily motivated by a sense of purpose. They derive
satisfaction from helping others and are willing to offer assistance without expecting
anything in return. Their motivation is driven by the desire to contribute and positively
impact others rather than seeking personal rewards or gains.
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• Disruptors: They are primarily motivated by change. Disruptors tend to push the
system’s boundaries, either in a negative manner, such as by spoiling the game for
others, or in a positive manner, such as by identifying flaws and working towards
improving the system. They desire to challenge and disrupt the status quo, seeking
ways to bring change and innovation within the gamified environment.

• Socializers: They are primarily motivated by the need for relatedness. Socializers
are intrinsically motivated by interactions with other players and establishing re-
lationships with them (social relatedness). They find fulfilment and enjoyment in
engaging with others, fostering social connections, and building community within
the gamification context. Interpersonal interactions and social engagement are central
to motivating and satisfying their gaming experience.

• Free spirits: They are mainly motivated by autonomy and self-expression. They have
a strong desire to be in control of their actions and decisions, preferring to explore the
system independently rather than being tightly regulated or controlled. They value
the freedom to express themselves and engage with the gamified environment in ways
that align with their preferences and interests. Autonomy and the opportunity for
self-expression are critical drivers of motivation for free spirits.

The second factor in the proposed framework is learning strategies. Learning strategies
significantly shape the learning process’s goals, objectives, paths, and stages. However,
due to the potential burden of switching between learning strategies and the nature of
science education, the framework focuses on only two preferred learning strategies. This
approach aims to reduce the workload associated with adaptation and familiarize students
with both learning strategies if adaptation is required. The chosen learning strategies also
share common aspects, facilitating the transition between them if necessary. The proposed
approach encompasses two adaptation processes: the adaptation of game elements and the
adaptation of the learning process. Three main points are considered in adapting the game
elements: user feedback, profiling, and adaptation. The system continuously updates the
player’s profile throughout the course. This is achieved through in-app dialogues designed
to gather the user’s feedback and opinions regarding the game elements. At the end of the
lesson, the user is asked questions based on their updated profile. These questions help to
customize the game elements and allow the user to select a game element from the second
and third-player categories, based on their ranking, to be included.

The basic architecture of the proposed adaptive gamification is as follows:

1. The user completes a questionnaire using the Hexad model to create the initial
player profile.

2. The system selects and applies game elements to the environment based on the
player’s profile.

3. The player’s profile is updated throughout the course through in-app dialogues to
gather feedback and preferences.

4. At the end of the lesson, the user is asked questions based on their updated profile to
customize the game elements.

5. The user selects a game element from the second and third player categories to be
included according to the ranking.

6. The system adjusts the gamified environment based on the selected game element
and updates the player’s profile accordingly.

This basic architecture allows for the personalized adaptation of game elements based
on the user’s preferences and feedback, enhancing the overall gamification experience.
The framework utilized in the adaptive gamification environment aligns with and builds
upon the work conducted by Zourmpakis et al. [31] (Figure 1). For a comprehensive
understanding of the adaptive gamification framework, including additional details and
explanations, we recommend referring to the research conducted by Zourmpakis et al. [31].
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Figure 1. The architecture of the adaptive gamification environment from the proposal of
Zourmpakis et al. [31].

Based on the provided guidelines and methodology, an adaptive gamification en-
vironment called “Water Cycle” was developed using the Unity3D game engine. This
gamification application focuses on teaching phenomena related to the water cycle, explic-
itly melting, freezing, boiling, and evaporation.

The “Water Cycle” application is designed as an open-world simulation environment
incorporating avatars. After the user completes the questionnaire and creates a profile,
they are presented with a text that describes the game’s story based on their profile and the
chosen learning strategy.

In the case of exploratory learning, the user assumes the role of a friend of a police-
woman, assisting her in investigating various natural phenomena. On the other hand, if
problem-solving learning is selected, the user takes on the role of a police officer’s assistant
and is assigned tasks to solve specific cases related to the water cycle.

Figure 2 illustrates the user’s freedom to navigate and explore the application. Users
can interact with nonplayer characters, engage in conversations, collect materials, conduct
experiments, and observe real-life phenomena and sounds. This immersive environment
provides users a rich and interactive experience, allowing them to actively participate in
and learn about the water cycle through various activities and interactions.

Computers 2023, 12, x FOR PEER REVIEW 7 of 22 
 

 

Figure 2. Water Cycle in-game environment. 

3. Methodology 

This quantitative study was conducted in primary schools of Heraklion, Crete, 

Greece. This research was carried out with the main purpose of defining the motivational 

impact of primary students on the use of adaptive gamification environments in science 

education based on their views. The students’ views regarding the game elements they 

used were also examined. 

Initially, it is essential to acknowledge that the examination of water cycle phenom-

ena was selected due to its wide range of practical applications in daily life, as we believed 

it would captivate students’ interest. Additionally, the water cycle concept and its associ-

ated ideas have been incorporated into the recently developed Comprehensive Curricu-

lum in Greece, with teacher training already underway. In this study, we utilized a semi-

experimental design with a convenience sample. It occurred in 6 3rd-grade classes in 3 

different schools in Heraklion. Students in all classes were taught similarly, using the 

adaptive gamification application, which ran exclusively on computers. The students that 

collectively took part were 80. Each class followed four lessons. The concepts taught were 

coagulation, melting, evaporation, and boiling. The research was implemented in 2 

phases. In the first phase, the four teaching interventions were implemented. In the second 

phase, the students completed the questionnaire. Each class’s teachers conducted the les-

sons. The elementary teachers were trained beforehand using a theoretical framework 

centred on integrating technology into the educational process. The teacher training was 

therefore designed based on the TPASK (technological pedagogical science knowledge) 

model [65] as it enables the analysis and development of a multifaceted phenomenon such 

as technology integration while helping to formulate the kind of knowledge that teachers 

need in order to integrate technology while teaching science concepts into the actual class-

room setting. During the research process, we systematically followed all national and 

international rules for ethics and ethics in research [66], and permission was obtained from 

the Ethics Committee of the PTPE of the University of Crete. 

We initiated the process by considering the primary research inquiries when devel-

oping the questionnaire. We then proceeded by consulting the pertinent literature in the 

field, explicitly referring to Rajendran et al. [67], Halim et al. [68], and Melkersson and 

Lundin [69] for guidance, insights and designing the survey questionnaire. Furthermore, 

specific questions were appropriately revised for technological advancements and re-

search on their content or context. Taggart et al. [70] suggested involving experts in devel-

oping a questionnaire can enhance its content validity. In creating the questionnaire for 

this particular study, we employed an iterative approach, which involved the research 

team in generating the items and sought input from educational technology experts at the 

University of Crete to review the questionnaire items. The development process encom-

passed multiple cycles of iteration until the final version was reached. 

Figure 2. Water Cycle in-game environment.

226



Computers 2023, 12, 143

3. Methodology

This quantitative study was conducted in primary schools of Heraklion, Crete, Greece.
This research was carried out with the main purpose of defining the motivational impact of
primary students on the use of adaptive gamification environments in science education
based on their views. The students’ views regarding the game elements they used were
also examined.

Initially, it is essential to acknowledge that the examination of water cycle phenomena
was selected due to its wide range of practical applications in daily life, as we believed it
would captivate students’ interest. Additionally, the water cycle concept and its associated
ideas have been incorporated into the recently developed Comprehensive Curriculum
in Greece, with teacher training already underway. In this study, we utilized a semi-
experimental design with a convenience sample. It occurred in 6 3rd-grade classes in
3 different schools in Heraklion. Students in all classes were taught similarly, using the
adaptive gamification application, which ran exclusively on computers. The students that
collectively took part were 80. Each class followed four lessons. The concepts taught were
coagulation, melting, evaporation, and boiling. The research was implemented in 2 phases.
In the first phase, the four teaching interventions were implemented. In the second phase,
the students completed the questionnaire. Each class’s teachers conducted the lessons. The
elementary teachers were trained beforehand using a theoretical framework centred on
integrating technology into the educational process. The teacher training was therefore
designed based on the TPASK (technological pedagogical science knowledge) model [65] as
it enables the analysis and development of a multifaceted phenomenon such as technology
integration while helping to formulate the kind of knowledge that teachers need in order
to integrate technology while teaching science concepts into the actual classroom setting.
During the research process, we systematically followed all national and international
rules for ethics and ethics in research [66], and permission was obtained from the Ethics
Committee of the PTPE of the University of Crete.

We initiated the process by considering the primary research inquiries when devel-
oping the questionnaire. We then proceeded by consulting the pertinent literature in the
field, explicitly referring to Rajendran et al. [67], Halim et al. [68], and Melkersson and
Lundin [69] for guidance, insights and designing the survey questionnaire. Furthermore,
specific questions were appropriately revised for technological advancements and research
on their content or context. Taggart et al. [70] suggested involving experts in developing
a questionnaire can enhance its content validity. In creating the questionnaire for this
particular study, we employed an iterative approach, which involved the research team in
generating the items and sought input from educational technology experts at the Univer-
sity of Crete to review the questionnaire items. The development process encompassed
multiple cycles of iteration until the final version was reached.

The Likert scale was used as a measurement for data collection. All categories of ques-
tions were scored from 1 to 5 (strongly disagree, disagree, neither agree nor disagree, agree,
strongly agree). In total, the questionnaire provided included two categories of questions.
In the first category, there were questions about students’ motivation and views on learning
science using the adaptive gamification application and their motivation regarding game
mechanisms and elements. Regarding the second category, there were questions about all
the elements and mechanisms included in the application. However, before answering
about a mechanism, students were asked to select whether they had encountered or used
that particular element. Students answered only about game elements they had encoun-
tered and used in the app. Each item had the same six appropriately tailored questions.
The questionnaire included nine questions for Category 1 and 66 questions (11 items) for
Category 2.

It should be noted that in two out of the six classes, there were more students than
there were computers, by a few. In order to avoid splitting the classes in half, some students
were grouped the first time based on their profiling and, more accurately, their dominant
type. This was performed to ensure that the grouped students would have, as much
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as possible, similar characteristics relative to each other. Though this ensured that most
students had similar characteristics, not all students that were put together liked teamwork
necessarily. As such, though the grouped students had roughly similar characteristics
based on their primary player type, some had to cooperate even though they would not
have wanted to. However, students in the free spirits category were not grouped, as this
would have substantially affected their experience. The results were analyzed using the
SPSS statistical package.

4. Results

The first category had nine items, graded on a Likert-type scale of 1 to 5, with the
intent to examine students’ motivation and views about learning science using the adaptive
gamification application. The information collected was organized into Table 1, as presented
below, and was subjected to descriptive analysis.

Table 1. Students’ motivation and views about learning science using the adaptive gamification
application.

Questions
Absolutely
Disagree

(%)
Disagree

(%)
Neither Agree
nor Disagree

(%)
Agree (%) Strongly

Agree (%)
Mean

Average
Std

Deviation

1. I like to learn about natural
phenomena using applications like
the one with the water
cycle application

0 0 7.5 32.5 60.0 4.53 0.636

2. I am interested in learning about
natural phenomena in school. 0 3.8 7.5 37.5 51.3 4.36 0.783

3. I prefer to spend more time learning
about natural phenomena from
other subjects.

5 2.5 22.5 28.8 41.3 3.99 1.097

4. I can learn natural phenomena
using applications such as the
Water Cycle.

2.5 2.5 6.3 36.3 52.5 4.34 0.899

5. I feel more confident learning about
natural phenomena in a fun way. 1.3 2.5 13.8 30.0 52.5 4.30 0.892

6. The classroom lesson on natural
phenomena is boring. 26.3 11.3 17.5 12.5 32.5 3.14 1.613

7. Learning about natural phenomena
such as the water cycle increases my
interest in learning.

0 5.0 6.3 31.3 57.5 4.41 0.822

8. Using apps like the one with the
water cycle makes me want to learn
more about natural phenomena and
be good at it.

7.5 1.3 6.3 30.0 55.0 4.24 1.139

9. Using applications like the Water
Cycle to learn about natural
phenomena makes me feel less
nervous in class.

10.0 2.5 21.3 26.3 40.0 3.84 1.267

Based on Table 1, students showed their substantially high-levelled fondness for
learning science while using the adaptive gamification application (M= 4.53), with 92.5%
agreeing or strongly agreeing (Q1). Though students seem to be highly interested in
learning science concepts in the school setting (Q2) (M = 4.36) and even showed a preference
for science education and would rather spend more time in it than other subjects (M = 3.99),
nearly half of them (45%, agree or strongly agree) consider the traditional teaching that
occurs in the classroom regarding science education to be dull (Q6). Furthermore, this
impacted their level of confidence in learning, as students expressed feeling more assured
in understanding natural phenomena through an enjoyable approach (M = 4.30) (Q5). A
significant 52.5% of students strongly agreed with this notion. However, in contrast to
traditional classroom teaching methods, students reported a significant increase in their
interest in learning through the adaptive gamification environment (mean = 4.41) (Q7).
Only a tiny percentage (5%) expressed disagreement with this statement.
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Additionally, students displayed higher motivation and perceived the application as a
valuable learning tool for studying science (mean = 4.34) (Q4). Moreover, 85.5% of students
agreed or strongly agreed that the application fostered a greater desire to learn and excel
(Q8). Finally, using the application positively affected students’ nervousness (mean = 3.84),
with nearly two-thirds of students agreeing or strongly agreeing that they felt more relaxed
and less nervous while engaging in the learning process (Q9).

The second category aimed to assess the impact of game elements and mechanisms
students encountered in the adaptive gamification environment on their motivation. This
category comprised 11 subcategories, each representing a distinct game element. Within
each subcategory, six questions were modified to convey the same meaning. At the start of
each subcategory, the initial question was to establish whether the student had encountered
that specific element in their playthroughs. If the student had not encountered it, they
would mark “NO” and move on to the following subcategory, skipping the current one. If
the student answered affirmatively, they would respond to the following five questions
within that subcategory. Like the first category, the descriptive analysis examined all
the questions.

Table 2 presents the first two game elements: badges and currency. Among the
80 students, it was found that 60 students had encountered badges in at least one of their
playthroughs, while 61 students had experienced the currency mechanism at some point
during their learning process. In the case of the badges element, students admitted to
being fond of the application since it contained badges (M = 4.23), with almost half of
them strongly agreeing with the notion. Furthermore, the participants expressed their
strong fondness for the badges (M = 4.55), with no one expressing disagreement or strong
disagreement. They also demonstrated significant effort in actively seeking to obtain badges
while using the app (M = 4.33). The majority of students were successful in acquiring the
desired badges (M = 4.03). However, almost one out of three students (36.9%) agreed or
strongly agreed that they experienced nervousness while attempting to collect badges.

Table 2. Badges and currency.

Subcategory Questions Participants
Answered

Absolutely
Disagree

(%)
Disagree

(%)
Neither Agree
nor Disagree

(%)
Agree (%) Strongly

Agree (%)
Mean

Average
Std

Deviation

Students’
motivation
for badges

I liked the app because it
had badges. 60 5 0 10 36.7 48.3 4.23 0.998

I was actively trying to
get badges. 60 0 3.3 11.7 33.3 51.7 4.33 0.816

I collected the badges I
wanted to collect. 60 3.3 10 15 23.3 48.3 4.03 1.164

I loved collecting badges. 60 0 0 11.7 21.7 66.7 4.55 0.699

I got nervous trying to collect
badges (reversed question). 60 46.7 6.7 10 18.3 18.3 2.55 1.641

Students’
motivation

for currency

I liked the app because it had
currency/money. 61 6.6 9.8 19.7 26.2 37.7 3.79 1.24

I was actively trying to
earn money. 61 4.9 3.3 8.2 29.5 54.1 4.25 1.075

I earned the money I wanted
to raise. 61 13.1 11.5 24.6 19.7 31.1 3.44 1.385

I liked to earn money. 61 0 1.6 19.7 24.6 54.1 4.31 0.847

I was stressed trying to save
money (reversed question). 61 36.1 19.7 9.8 18 16.4 2.59 1.532

Regarding the in-app currency, the students were highly interested in earning money
(M = 4.31) and actively pursued it within the game (M = 4.25). However, their fondness for
the application decreased slightly due to the currency mechanism (M = 3.79). This decline
could be attributed to their inability to earn the desired amount of money, as only about
half admitted to achieving this goal (50.8% agreed or strongly agreed). Additionally, over
34.4% of participants reported feeling stressed while trying to acquire money (agreed or
strongly agreed).
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As indicated in Table 3, the following game elements include the storytelling/cases
element and points. The data from Table 3 reveals that most students experienced these
elements, with 72 students reporting the point element, while only 3 out of 80 individuals
did not report encountering the storytelling/cases element. The cases/storytelling game
element appears to be highly appreciated, as nearly 9 out of 10 students (88.3%) agreed or
strongly agreed that they enjoyed solving cases (M = 4.47) and liked the application more
because of the inclusion of this specific game element (89.6%) (M = 4.47). Furthermore, a
similarly high percentage of participants expressed their active and enthusiastic engage-
ment with this element (89.6% agree or strongly agree) (M = 4.42) and reported success
in following the story and solving the cases (90.9% agree or absolutely agree) (M = 4.51).
However, almost 3 out of 10 individuals (29.9% agree or absolutely agree) admitted feeling
nervous while attempting to solve the cases.

Table 3. Cases/storytelling and points.

Subcategory Questions Participants
Answered

Absolutely
Disagree

(%)
Disagree

(%)
Neither Agree
nor Disagree

(%)
Agree

(%)
Strongly

Agree (%)
Mean

Average
Std

Deviation

Students’
motivation for the
cases/storytelling

I liked the game because it
had cases. 77 1.3 1.3 7.8 28.6 61 4.47 0.804

I was actively trying to
solve the cases. 77 2.6 1.3 6.5 31.2 58.4 4.42 0.879

I investigated and solved
the cases to the best of

my ability.
77 3.9 0 5.2 23.4 67.5 4.51 0.912

I liked solving cases. 77 1.3 1.3 9.1 26 62.3 4.47 0.821

I used to get nervous when
solving cases

(reversed questions).
77 40.3 13 16.9 13 16.9 2.53 1.535

Students’
motivation for

points

I liked the app because it
had points. 72 4.2 0 13.9 41.7 40.3 4.14 0.954

I was actively trying to
score points. 72 4.2 2.8 1.4 33.3 58.3 4.39 0.972

I collected the points I
wanted to collect. 72 5.6 9.7 16.7 22.2 45.8 3.93 1.237

I liked to score points. 72 5.6 1.4 4.2 26.4 62.5 4.39 1.042

I used to get nervous when
I was trying to score points

(reversed question).
72 41.7 20.8 8.3 11.1 18.1 2.43 1.555

Regarding the points element, the majority of participants expressed their fondness for
it (M = 4.39), and nearly 8 out of 10 individuals (80%, agree or absolutely agree) appreciated
the adaptive gamification environment more because it included this specific game element
(M = 4.14). Most students were highly focused and made significant efforts to accumulate
points (M = 4.39). However, not all students successfully attained the desired points, as
approximately 2 out of 3 (67%) agreed or strongly agreed that they could collect the points
they wanted (M = 3.93). Furthermore, almost 1 out of 3 participants (33%) reported feeling
nervous (agree or strongly agree) while trying to earn points.

Table 4 presents the motivation levels related to the gift and levels of game elements.
According to Table 4, a small number of students (24 participants) encountered or noticed
the gift game element, whereas most students (76 out of 80) experienced the level mecha-
nism. As indicated in Table 4, a few students (24 participants) encountered or noticed the
gift game element. However, despite the limited exposure to this element, the students
showed a strong affinity towards it (M = 4.50) and liked the application because of its
inclusion (M = 4.54). Surprisingly, none of these students disagreed with the gift game
element (disagree or absolutely disagree). Most students actively engaged with the gift
game element and tried to acquire gifts (M = 4.21). Two out of three students (66.7% agree
or absolutely agree) reported successfully collecting a significant number of the gifts they
desired (M = 4.00). However, similar to previous findings, almost three out of ten individu-
als (29.2%) experienced significant stress (agreed or absolutely agreed) while engaging with
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the gift game element. The levels element was also well-received, with 84.2% of participants
liking this specific game element (M = 4.39).

Table 4. Gifts and levels.

Subcategory Questions Participants
Answered

Absolutely
Disagree

(%)
Disagree

(%)
Neither Agree
nor Disagree

(%)
Agree

(%)
Strongly

Agree (%)
Mean

Average
Std

Deviation

Students’
motivation

for gifts

I liked the app because it
had gifts. 24 0 0 4.2 37.5 58.3 4.54 0.588

I was actively trying to
get gifts. 24 8.3 0 8.3 29.2 54.2 4.21 1.179

I collected the gifts I wanted
to collect. 24 8.3 0 25 16.7 50 4 1.251

I like collecting gifts. 24 0 0 12.5 25 62.5 4.5 0.722

I used to get nervous when
collecting gifts

(reversed question).
24 41.7 12.5 16.7 16.7 12.5 2.46 1.503

Students’
motivation
for levels

I liked the app because it
had levels. 76 1.3 0 17.1 36.8 44.7 4.24 0.831

I was actively trying to
climb levels. 76 2.6 5.3 10.5 19.7 61.8 4.33 1.038

I raised to the level I
wanted to. 76 9.2 9.2 18.4 22.4 40.8 3.76 1.325

I liked going up levels. 76 1.3 1.3 13.2 25 59.2 4.39 0.865

I used to get nervous when
trying to go up levels
(reversed question).

76 47.4 21.1 9.2 3.9 18.4 2.25 1.533

Additionally, 80.5% of students were fond of the application because it included the
element of the level (M = 4.24) (agreed or absolutely agreed). Furthermore, a significant ma-
jority of students (81.5%) actively attempted to reach higher levels during their playthrough
(M = 4.33), with nearly two out of three students (66.7%) successfully achieving this goal
(agreed or absolutely agreed) (M = 3.76). The stress levels associated with levelling up were
relatively low, as only about one out of five students (22.3%) absolutely agreed or agreed
that they felt nervous while trying to progress to higher levels.

Based on the data in Table 5, 61 students came across the promotion element, while
57 students cooperated with other peers and essentially used the cooperation element. The
promotion element was highly regarded, as most students expressed their fondness for
this element (M = 4.43) and approved of the adaptive gamification environment because of
its inclusion (M = 4.30). Additionally, nearly three out of four individuals (77.1% agree or
absolutely agree)) actively made an effort to get promoted during their gameplay (M = 4.13),
and approximately seven out of ten students (72.1% agree or absolutely agree) successfully
achieved their desired promotion (M = 4.00). However, it is worth noting that a fair
number of students (31.1% agree or absolutely agree) reported feeling stressed concerning
the promotion element. The cooperation element garnered significant appreciation, as
many individuals expressed their fondness for working with other students (86% agree or
absolutely agree) (M = 4.26).

Similarly, the same percentage of students liked the application specifically because it
included the cooperation mechanism (86% agree or absolutely agree) (M = 4.36). However,
it is worth noting that the negative responses for both questions were around 10%, one
of the highest among all the other game elements. Furthermore, a substantial majority
of students (80.7%) agreed or absolutely agreed that they actively tried to cooperate with
their peers (M = 4.09), and the same percentage believed that they were successful in
achieving cooperation based on their perspective (M = 4.25). Unfortunately, the stress
levels reported by the students concerning the cooperation element were relatively high,
with 42.1% agreeing or strongly agreeing that they felt stressed. This could be understood
considering that a few students were not keen on working together, leading to higher stress
levels than other game elements.
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Table 5. Promotion and cooperation.

Subcategory Questions Participants
Answered

Absolutely
Disagree

(%)
Disagree

(%)
Neither Agree
nor Disagree

(%)
Agree

(%)
Strongly

Agree (%)
Mean

Average
Std

Deviation

Students’
motivation for

promotion

I liked the app because I
could get promoted. 61 1.6 0 14.8 34.4 49.2 4.3 0.843

I was actively trying to get
promoted. 61 3.3 6.6 13.1 27.9 49.2 4.13 1.087

I got the promotions I wanted
in the app. 61 6.6 6.6 14.8 24.6 47.5 4 1.225

I liked getting promoted. 61 1.6 1.6 6.6 32.8 57.4 4.43 0.826

I used to get nervous when
trying to get promoted

(reversed question).
61 42.6 16.4 9.8 9.8 21.3 2.51 1.619

Students’
motivation for

cooperation

I liked the app because I
could collaborate with/help

other students.
57 5.3 5.3 3.5 22.8 63.2 4.33 1.123

I actively tried to cooperate
with/help other students. 57 7 5.3 7 33.3 47.4 4.09 1.184

I cooperated/helped the
other students I
wanted to help.

57 1.8 7 10.5 26.3 54.4 4.25 1.023

I liked working with/helping
other students. 57 5.3 3.5 5.3 31.6 54.4 4.26 1.078

I was stressed when trying to
cooperate/help other

students (reversed question).
57 38.6 14 5.3 14 28.1 2.79 1.719

The following two game elements, as highlighted in Table 6, include challenges and
customization. According to the methodology employed in the adaptive gamification
environment, all profiles created by the dominant player type and the two higher player
types lead to the inclusion of the challenges in all possible profiles. As depicted in Table 6, all
participants noticed and experienced the element of the challenge, while only 25 individuals
encountered the customization element. Students demonstrated a strong affinity for the
element of the challenge, with 88.8% agreeing or agreeing that they enjoyed facing and
overcoming challenges (M = 4.39). Furthermore, 85.1% of students agreed or absolutely
agreed that including challenges in the application made them appreciate it more (M = 4.24).
Most students actively worked to overcome the challenges they encountered (M = 4.31),
and most expressed satisfaction in successfully overcoming the challenges they set out to
do (M = 4.03). However, like other game elements, nearly 3 out of 10 students reported
feeling nervous while attempting to resolve the challenges.

Regarding the customization element, students displayed a significant fondness for
the ability to change their appearance (M = 4.08). However, they could have appreciated
the adaptive gamification environment more due to the inclusion of this game mechanism
(M = 3.81). A total of 15% of the students stated that they did not like or dislike the
application because it contained this element, the highest among all other elements. This
response is understandable, considering the data presented in Table 6. Although students
actively tried to change their appearance (M = 4.04), only a few could do so to the extent
they desired, as more than half of the students stated that they could not achieve their
desired customization (57.7% absolutely disagree or disagree). Fortunately, the stress levels
associated with the customization element were similar to some of the other game elements,
with 23.1% of students reporting significant stress levels (agree or absolutely agree).

Table 7 illustrates the last game element included in the application, the roles game
element. According to the data, almost all participants (except for 2) noticed and experi-
enced the roles game element. This element received highly positive feedback (M = 4.47),
with 91.1% of participants (agree or absolutely agree) expressing their liking for having a
role in the application. Additionally, an almost similar percentage (93.6%, agree or abso-
lutely agree) expressed fondness for the application due to the inclusion of this element
(M = 4.53). Students showed great interest and actively engaged in “playing” their roles
(M = 4.45), with approximately 8 out of 10 students (80.7%, agree or absolutely agreeing)
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succeeding in improving their role during gameplay (M = 4.22). However, nearly 1 out of
4 individuals reported feeling nervous to a significant degree (agree or absolutely agree)
while participating in their assigned roles.

Table 6. Challenges and customization.

Subcategory Questions Participants
Answered

Absolutely
Disagree

(%)
Disagree

(%)
Neither Agree
nor Disagree

(%)
Agree

(%)
Strongly

Agree (%)
Mean

Average
Std

Deviation

Student
motivation for
the challenges

I liked the app because it
had challenges. 80 2.5 2.5 10 38.8 46.3 4.24 0.917

I was actively trying to
overcome challenges. 80 3.8 1.3 11.3 27.5 56.3 4.31 0.988

I overcame the challenges I
wanted to overcome. 80 6.3 7.5 13.8 22.5 50 4.03 1.232

I like to overcome challenges. 80 2.5 5 3.8 28.8 60 4.39 0.961

I used to get nervous when
overcoming challenges

(reversed question).
80 51.3 11.3 8.8 13.8 15 2.3 1.562

Student
motivation for
customization

I liked the game because of
the change in appearance. 26 11.5 3.8 19.2 23.1 42.3 3.81 1.357

I was actively trying to
change my appearance. 26 0 11.5 15.4 30.8 42.3 4.04 1.038

I managed to change my
appearance as many times

as I wanted.
26 42.3 15.4 19.2 7.7 15.4 2.38 1.499

I like to change
my appearance. 26 0 4 32 16 48 4.08 0.997

I used to get anxious when I
tried to change my

appearance
(reversed question).

26 50 7.7 19.2 15.4 7.7 2.23 1.423

Table 7. Roles.

Subcategory Questions Participants
Answered

Absolutely
Disagree

(%)
Disagree

(%)
Neither Agree
nor Disagree

(%)
Agree

(%)
Strongly

Agree (%)
Mean

Average
Std

Deviation

Student
motivation for

the roles

I liked the game because
I had a role. 78 1.3 5.1 5.1 32.1 61.5 4.53 0.716

I was actively trying to “play”
my role. 78 0 2.6 9 29.5 59 4.45 0.767

I wanted to and succeeded in
improving my role within the

application.
78 9 2.6 7.7 19.2 61.5 4.22 1.255

I liked having a role
within the app. 78 0 2.6 6.4 32.1 59 4.47 0.734

I was nervous when I had a
role within the app
(reversed question).

78 48.7 10.3 12.8 10.3 17.9 2.38 1.589

5. Discussion

The current research study provides valuable insights into the field of adaptive gam-
ification, particularly in the context of science education. While limited research exists
on gamification in science education [17], and even fewer studies focus specifically on
students’ motivation using adaptive gamification applications, most existing studies gener-
ally compare gamification and adaptive gamification in a general manner [71]. This study
acknowledges that students’ motivational aspects can be influenced by their activities and
the specific domain or content [59]. Therefore, drawing generalized conclusions about
the affordances of adaptive gamification becomes challenging. The objective of this study
is to offer an understanding of the motivational impact of a domain-specific adaptive
gamification framework on students in the field of science education, as well as how the
gaming elements they encountered influenced them.

In terms of motivational aspects, the findings of this study indicate that participants
displayed a higher level of motivation towards learning science when using an adaptive
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gamification environment. Students strongly preferred the application as a means of
learning science, with no students disagreeing or strongly disagreeing. They also reported
an increased interest in learning through this approach, with only a tiny percentage (5%)
expressing disagreement. These results demonstrate that students felt motivated and highly
interested in learning science when incorporating the adaptive gamification environment.
Additionally, a significant portion of students found traditional classroom lessons boring.
However, the data suggests that it is not the content that discourages students from learning
science, as they demonstrated a high interest in learning about natural phenomena and
even preferred science over other subjects. Students associated their confidence with the
“fun” aspect of learning, indicating that a more engaging and enjoyable learning approach
can significantly impact their level of engagement and confidence. This is evident because
students believed they could learn science concepts through the application and were
willing to enhance their understanding of natural phenomena through its use. This finding
aligns with previous studies indicating that gamification environments, which offer an
enjoyable approach to learning, can enhance student engagement and foster a greater
willingness to engage with similar applications in the future [72]. Furthermore, many
students reported feeling less nervous during the learning process when using the adaptive
gamification environment, which increased their attentiveness in the classroom and their
readiness to improve their performance in science lessons.

In addition, we examined the impact of game elements on students’ motivation. It
is important to note that the game elements and mechanisms were not implemented
simultaneously in this adaptive gamification application. Our framework employed a
multidimensional adaptive design, unlike most previous studies that followed a single-
dimensional personalization approach [71]. This design allowed for runtime adaptation,
resulting in a more comprehensive personalization [31]. Based on our findings, it became
evident that at least some students experienced adaptation in their profiles, leading to
variations in the game elements they encountered. This was reflected in the number of ele-
ments reported by students and the possible combinations they experienced. These insights
highlight the dynamic and personalized nature of the adaptive gamification approach used
in this study [31].

Based on these findings, the adaptation process was largely successful, as students
generally liked the game elements integrated into their lessons. However, the meagre
negative ratings regarding the likeness and appreciation of the application suggest that
either the adaptation was applied to a small number of individuals or it was implemented
on a limited scale, such as switching between closely related user types (e.g., player and
achiever) or adjusting the secondary and tertiary dominant user types. Nevertheless,
regardless of the specifics, the multidimensional framework, which considered more than
just a single user type, effectively enhanced students’ experiences and engagement. A
similar study also supports this conclusion [71].

Additionally, it was observed that badges, storytelling/cases, gifts, and roles received
the most positive feedback from students and contributed to their appreciation of the
application. This suggests that students’ motivation is greatly influenced by their immersion
in the storytelling aspect, the role they assume within the application, and the rewards
that symbolize their status and self-improvement. The connection between immersion in
storytelling/narrative elements and its positive impact on student engagement aligns with
findings from other studies [73]. Similarly, the positive relationship between badges and
student motivation and engagement has been documented in previous research [19]. These
findings further support that these game elements effectively enhance students’ motivation
and engagement in the learning process.

What is more, the satisfaction of individuals with using game elements did not neces-
sarily impact their level of active engagement or fondness for the application. Lower scores
in satisfaction did not lead to a corresponding decrease in fondness of the application.
However, user satisfaction was generally lower than active engagement and fondness,
except for cases/storytelling, roles, and cooperation. This suggests that students were
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primarily satisfied by the immersive aspects of the application, which is consistent with the
findings of Aldemir et al. [73], highlighting the importance of immersion for the storytelling
element to affect motivation and engagement. The application has room for improvement
concerning other game elements, particularly in customization, levels, and currency, which
received lower satisfaction scores.

Regarding cooperation, it is not easy to draw confident conclusions about student
satisfaction since it was also used by some students who may have yet to be inclined to use
it. Students were less active in the cooperation element, but their satisfaction was higher.
This indicates that even though some students did not put in their maximum effort to
cooperate with others, possibly because they did not have a strong desire for it, the results
were better than expected, resulting in higher satisfaction. We cannot make assumptions
about the specific user types and their interactions with most of the game elements, as we
need to have information about the profile of each user and the ability for user types to
change during gameplay. However, all user profiles consistently utilized the challenges
game element [31]. It was found that challenges received high approval rates among all
user types, promoting high levels of active engagement and satisfaction [73]. This suggests
that the intrinsic motivation for accomplishment has a noticeable effect on the achiever
type [64] and all user types. However, it is impossible to determine to what extent each
user type is affected by this game element.

Moreover, games are commonly associated with stress reduction for individuals [74].
Based on our findings, most game elements did not induce high-stress levels, as the
percentage of individuals who agreed or mostly agreed that a game element or mechanism
made them anxious was generally below 30%. However, this differed for the cooperation,
badges, and currency elements. The higher level of anxiety reported for the cooperation
element can be understood since some students were required to cooperate even if they
did not want to. The previous literature has shown that badges can generate a certain level
of anxiety [69], which aligns with our results. However, the same does not apply to the
currency element. The anxiety associated with this element is likely a result of students
being highly active and striving to earn money during their playthrough but ultimately
failing to do so.

Consequently, not being able to accumulate enough money to make in-game purchases
and acquire items they had set their minds on could contribute to their anxiety. Furthermore,
the element of the challenge involved the use of timers, as difficulty and assistance were
linked to time. However, students did not report higher stress levels than most other game
elements, contrasting with findings from other research studies [75].

6. Limitations

The present study has certain limitations. Adaptive gamification was introduced
to enhance the effectiveness of one-size-fits-all gamification. While we examined the
motivational outcomes of students in the adapted gamification environment, we did not
compare it to a one-size-fits-all gamification approach. As a result, this study cannot provide
definitive results on whether this objective was achieved. Additionally, our findings are
limited to the specific game elements incorporated in our adaptive gamification approach.
We did not include every game element mentioned in gamification literature, such as
leaderboards and team chats. Different outcomes may be observed by integrating these or
other game elements.

Moreover, in this study, we did not consider other essential user characteristics re-
garding gamification, such as gender differences. In addition, each learning course was
carried out by the teacher of that class. Though all teachers had been trained to use the
adaptive gamification environment before teaching in the school setting, it is still possible
to have affected students’ motivation from the learning experience. Furthermore, knowing
students’ profiles would provide more insight into the accuracy of the Hexad typology, the
frequency of profile changes, whether changes occurred collectively or individually, and
the frequency of adjustments, particularly to the dominant profile. Additionally, it would
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offer a more detailed and precise understanding of how each game element affects each
profile [3,76]. Finally, this study needs to be more extensive concerning our results’ context
dependency and generalizability. Long-term studies could also ensure that the motivational
outcomes are not due to the novelty effect. The framework used was specifically designed
for the science education learning environment, and results may differ in other domains, as
Hallifax et al. [3] suggested.

7. Conclusions

This article showcased the results of a quantitative semi-experimental investigation
into the impact of adaptive gamification on learner motivation and perceptions in science
education. The study was conducted in four primary schools located in Heraklion, Crete,
Greece. The data collected and analyzed involved 80 students from six distinct classes who
had completed four custom-designed learning modules focused on water cycle science
concepts. These modules incorporated a specialized adaptive gamification framework
tailored to the subject matter.

Our findings offer new perspectives and enhance the utilization of adaptive gamifi-
cation. We discovered valuable insights into how to customize gamification, particularly
by demonstrating that the Hexad user typology is one of the most relevant approaches for
identifying user preferences regarding game elements. However, in this implementation,
the adaptation of game elements and learning strategies was not solely based on a single
user type. We recognized that motivations can be fluid and may change during gameplay.
Therefore, the foundation for adaptation was the learner’s profile rather than a static adap-
tation that classifies individuals solely based on their user profiles after an initial selection,
as proposed in the literature [2,55].

Nonetheless, since the appropriate game element is tailored to the specific learner
profile, it still promotes self-determination. The results obtained by examining each game
element emphasize that they have varying effects on learners’ motivation, as shown by
previous research [75]. It is crucial to exercise caution when suggesting game elements to
learners, as these elements may have conflicting impacts depending on their profiles [75].

According to Hallifax et al. [3], user motivation in tailored gamification is influenced by
two significant factors: implementing a specific motivational strategy and selecting the user
typology or profile. Both factors are considered in this case, with the results being extremely
positive. However, it is essential to note that teachers also play a crucial role. Though
the teachers in this study had volunteered and were trained in utilizing this application
in class, the inability to effectively utilize digital content from a pedagogical standpoint
has been shown to impact students negatively, such as increased discouragement and
reduced learning motivation [77,78]. Thus, considering that the influence of teachers’ views
and attitudes is essential when introducing new teaching methodologies into the learning
process, it is crucial to maximize a learning tool’s positive benefits on students’ motivation
to learn [27,79].

Moreover, future research is recommended to examine personalization’s effects in user
studies conducted over an extended period. This would enable investigating whether the
enhanced user experience translates into improved performance over time. Alternatively,
offering users the option to decide whether they want to use the system regularly would
provide further insights into potential effects on user behaviour, and this aspect could be
explored in future studies as well.

Additional studies that address our research’s limitations and explore the effectiveness
of similar adaptive gamification applications in science education would be beneficial.
These studies could validate and generalize the results while providing valuable insights
for future design modifications to enhance the learning experience. Additionally, it is crucial
to investigate learning achievements. Measuring both learning outcomes and motivational
aspects is equally important to comprehensively assess adaptive gamification’s effective-
ness in education. By examining the impact on learning outcomes, such as knowledge
retention and skill acquisition, alongside motivational factors, we can better understand
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the effectiveness and potential benefits of implementing adaptive gamification in the learn-
ing process [72,80]. Consequently, properly developing applications for science teaching
concepts is crucial for motivating students to actively participate and engage with the ma-
terial [17,81]. Moreover, the development of similar content-specific adaptive gamification
environments holds the potential to benefit other subject areas beyond science education.
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