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Abstract

Serious games (SG), designed for purposes beyond entertainment, have gained popularity in engaging
students in programming education. One crucial aspect of SG is a support system, which plays a pivotal
role in achieving their educational objectives. However, there is a lack of consensus in the literature
regarding the terminology and classification of support systems, leading to inconsistencies and varying
interpretations among researchers. To address this gap, this ongoing research presents the Taxonomy of
Support Methods for Serious Games for Programming (TSM-SGP). This taxonomy provides a systematic
approach to identifying and categorizing support systems, specifically in the domain of programming. It
offers clarity in categorizing support systems, enabling researchers, educators, and game designers to
gain a deeper understanding of their roles and effectiveness. Additionally, the taxonomy reveals
insightful relationships between support methods and their properties, contributing to the development
of effective SG.
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Introduction

Serious games (SG), also known as educational games, serve a primary purpose beyond mere
entertainment. The concept of SG was first mentioned by Clark C Abt in the 1970s (Elder,
1971) and defined as games that have an "explicit and carefully thought-out educational
purpose and are not intended to be played primarily for amusement". The term "serious"
encompasses video games utilized across various sectors, including defense, education,
scientific exploration, healthcare, and more (Susi et al., 2007). These games have the potential
to facilitate a deep understanding of specific topics and be an effective learning tool (De
Freitas, 2018). SG are becoming increasingly popular as a method of delivering educational
content to students (Mordor Intelligence, n.d.). Their ability to enhance engagement and
provide immersive learning experiences makes them a compelling choice in educational
settings. Computational thinking (CT), on the other hand, has become a fundamental skill of
analytical thinking for everyone in the 21Ist century (Wing, 2006). It encompasses the
utilization of fundamental computer science principles, including abstraction, debugging,
and problem-solving. Programming fosters CT since it serves as a scaffold for its development
(Belmar, 2022). Regardless, programming is a complex task, posing significant challenges in
the teaching and learning process. To address this problem and enhance students' chances of
success, SG emerged as a promising option. By leveraging the engaging nature of video
games, SG can serve as interactive platforms that facilitate active learning and skill
improvement for aspiring programmers.

Nonetheless, the effectiveness of SG as a learning tool relies heavily on the presence of
robust support systems and methods that aid learners in achieving their educational
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objectives. These systems play a crucial role in facilitating the acquisition of knowledge and
skills (Toukiloglou & Xinogalos, 2023). They encompass a range of features and mechanisms
to ensure that learners receive the appropriate level of guidance and feedback throughout the
gameplay experience. Without well-designed support, SG may fail to deliver educational
goals, hindering progress and skill acquisition. Therefore, a comprehensive understanding of
the diverse types of support systems and methods available in SG is critical for maximizing
their educational potential. This paper proposes a new taxonomical scheme called Taxonomy
of Support Methods for Serious Games for Programming (TSM-SGP) that aims to establish a
terminology for describing support systems in programming SG. Our goal is to develop a
framework that fills in the gap that currently exists in the literature and contributes to the
field's advancement by: identifying the various types of support systems within the context
of SG for programming; facilitating the clear and precise expression of support systems within
scientific papers, enabling readers to readily discern their key elements and distinctive
characteristics; providing clarity and a common understanding among SG designers,
developers, academics, and students regarding the available support options within these
games.

The paper is structured as follows: Section 2 provides an overview of the existing literature
in the o support systems in SG. Section 3 presents an in-depth classification of the diverse
support methods, highlighting their distinct characteristics and applications. Lastly, in
Section 4, the results are discussed, and use cases of the taxonomy are illustrated, offering
insights into potential future research and development in the field of SG support systems.

Related work

The existing literature on taxonomies of support systems in SG is notably limited in scope.
Despite scholarly attention, consensus on characterizing support systems and relevant
categories in SG is lacking. This paper addresses this gap by presenting an ongoing effort to
develop a comprehensive and practical categorization of support systems. To the best of our
knowledge, this is the only dedicated taxonomy specifically focused on the subject. However,
it is worth noting that support systems have been acknowledged as important factors within
other existing taxonomies. This section explores these taxonomies and their implications
within the broader context of understanding support systems in SGs.

In a previous taxonomy study conducted by Laine and Lindberg (2020), feedback was
identified as a significant factor influencing motivated engagement in SGs. According to the
study, instructions, tutorials, prompts, and relevant feedback through different channels
enhanced player motivation. It concluded that support is a key component of achieving a state
of flow in players and a critical mechanism that facilitates optimal engagement within their
taxonomy model. Rato and Prada (2021) explored the concept of support systems within a
taxonomy of social roles for agents in games. They proposed a wide range of social
interactions that agents can engage in during gameplay. One role discussed in the taxonomy
is the Tutor/Learner NPC (Non-Player Character). This agent is responsible for providing
game state information to players and offering guidance on gameplay actions and strategies.
The provided information can be delivered proactively or explicitly upon player request. In
an empirical study by Bedwell et al. (2012), a taxonomy was introduced that links game
attributes to learning outcomes. The taxonomy emphasizes the importance of assessment as
a key component in SG. Assessment in this context refers to the feedback provided to players
throughout the game, guiding player actions and offering both subtle hints and instructions.
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Classification criteria

This section provides a comprehensive description of the constituent elements of each
category and their application within the taxonomy. To ensure that all key criteria for a formal
and precise support mechanism description were included, the following methodology has
been commenced. Initially, the objectives were defined to establish a clear scope and goal for
the proposed taxonomy. Subsequently, a literature review was conducted on support systems
for SG examining various aspects of their implementation. Building upon the findings, a draft
of the taxonomy including potential categories and subcategories was identified. Then, based
on the draft taxonomy, data collection of existing SG has been commenced to analyze how
support systems are structured and utilized. Next, according to the results, the taxonomy was
refined identifying gaps, redundancies, or overlaps in the categories. Future research will
validate, adjust, and finalize the taxonomy through peer review, feedback from experts, and
insights gained from empirical analysis.

Integration

The integration of support content in SG can be categorized as internal or external. Internal
support refers to assistance provided within the game environment, seamlessly integrated
into the gameplay experience. It includes features such as in-game tutorials, pop-up tips, and
contextual help systems. In contrast, external support systems are accessed outside the game
environment, through websites, applications, or physical materials. They can be initiated by
the SG, instructor, or student. OGITS (Hooshyar, 2018) is an example that combines both types
of integration as it provides internal support with learning material accessible within the
game and external resources from webpages through a separate window. The floating
window is a special type of internal integration that is a part of the game application but does
not interact with the game world. Both internal and external support systems have their
advantages and limitations. Internal support systems are frequently characterized by greater
immersion and seamlessness as they are more compatible with the overall style and design of
the SG. Contrarily, external support systems can be maintained and updated independently,
allowing for greater flexibility and customization.

Media

The media category is comprised of five main formats, each offering a unique means of
delivering information and engaging learners. Text support is a common and versatile form
found in most SGs. It utilizes written language to effectively communicate information to
players with precision and clarity. The text offers flexibility in formatting and style, allowing
game designers to customize it according to their specific requirements. Furthermore, text is
efficient in terms of memory usage and speed compared to other media such as video or
audio. It is also easily searchable, editable, and updatable as needed. Nonetheless, there are
drawbacks associated with text-based support. It may not be as engaging as other media, as
it lacks visual and auditory appeal. Also, it can pose challenges for learners with weak reading
skills or limited language proficiency. Finally, text may struggle to convey complex emotions,
tones, or subtle meanings that can be expressed through other media forms. Images are also
commonly used in SG to convey visual cues and information to players. They are effective in
presenting complex concepts and ideas in a compact and clear manner. In addition to
enhancing aesthetics, images provide immersion and serve as visual relief in text-heavy
environments, making the learning experience engaging and less overwhelming. Video offers
a multisensory experience by combining visuals and audio to express complex ideas. Its use
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in SG enhances immersion and engagement, enabling learners to interact meaningfully with
the content. However, producing video content can be time-consuming and costly. Examples
of SGs utilizing video support to demonstrate programming commands include Minerva
(Lindberg & Laine, 2018), Hour of Code (Hour of Code, n.d.), and Rodocodo (Rodocodo, n.d.).

Audio support in SG can be delivered through various means such as background music,
voice-overs, sound effects, and narration. It enhances immersion and emotional connection,
particularly when visual cues are insufficient. Nonetheless, audio support may pose
challenges for learners with hearing impairments or limited language proficiency.
Furthermore, the use of audio support can be costly and time-consuming, as high-quality
recordings may require professional equipment, musicians, and actors. Finally, in a shared
environment such as a computer lab without individual headphones, audio can cause
disturbances among players. Animation encompasses a dynamic form of visual content that
shares similarities with videos. However, what sets animation apart is its utilization of the
game's inherent elements, such as sprites, 3D models, and other graphical assets, seamlessly
integrated within the game environment. Unlike pre-recorded videos, SG animations are
rendered in real-time, allowing for interactive and responsive experiences. This facilitates
engaging and captivating learning experiences for players making animation a highly
effective medium of support. Nevertheless, incorporating game elements into the support
design introduces an additional layer of complexity. This fact can impact the cost and
completion time of the SG, as it requires careful coordination and integration of the animation
with the existing game mechanics and assets. An SG example can be found in Kodable
(Kodable, n.d.) where animations utilizing game graphics are shown before each puzzle to
explain game mechanics and new learning concepts.

Technique

The technique element plays a crucial role in identifying the specific approach employed by
the SG to deliver its learning content. While it is possible for a SG to utilize multiple ones,
there is typically one dominant technique that characterizes the core concept of the support
system. Tips offer learners helpful suggestions or recommendations related to gameplay or
learning content. They appear as short text messages or pop-up windows during the game,
providing targeted support and feedback on navigation, task completion, or problem-solving.
However, it is important to balance the use of tips as excessive use can disrupt gameplay,
reducing challenge and engagement. Tips are common techniques utilized in articles about
SG such as BOTS (Hicks et al., 2014), and employed in numerous SG like most of the Hour of
Code games (Code.org, n.d.). Manual / Instructions can be used as a support method to provide
learners with in-depth information about a specific topic. They are usually presented in a
digital format providing a comprehensive and structured approach to complex topics and
concepts. Manuals are also often written by subject matter experts, ensuring that the content
is accurate and up-to-date. Though they can be lengthy and dense, potentially overwhelming
learners with new information, they may not be suitable for learners who prefer more
interactive and visual forms of support.

Working examples provide demonstrations of how a specific task or concept can be
performed or applied. They allow learners to see the learning concepts in action and observe
how different strategies and actions can be employed to tackle challenges within the game
environment. Players analyze and reflect upon the demonstrated tasks by applying the
acquired knowledge in similar situations. Working examples are relatively new in the field of
SG for programming. However, implementations like DungeonClass (Toukiloglou &
Xinogalos, 2022) and NanoDoc (Toukiloglou & Xinogalos, 2023) show promising results in
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learning efficiency. Chat / NPC Dialog offers players the opportunity to engage in
communication with NPCs or other human players to seek assistance and guidance. In the
case of NPCs, the requests and responses can be scripted or dynamic. Dialog trees provide
players with a structured framework to navigate and explore the available support options.
Chat usually consists of focused short messages that address specific subjects or topics of
interest about the game. Nonetheless, it is important to note that when engaging in chat with
another human player, there is a potential challenge of introducing educational noise or
deviating from the intended learning path. While human interactions can offer valuable
insights and foster collaboration, there is a need for moderation and guidance. This will
ensure that the conversation remains focused on educational objectives and does not steer
players off the course. Human chat communication is exemplified in SG such as CMX
(Malliarakis et al., 2016) and Quiz Time! (Troussas, 2020). An example of NPC dialog support
can be found in a Neverwinter Nights based game (Soflano et al., 2015). Narration serves as a
form of support that leverages explicit audio to deliver the learning content. It is employed
through an NPC engaging in dialogue with the player or a dedicated narrator providing
guidance. Narration support can assume different roles based on the game's design and
learning objectives such as reinforcing specific learning points or providing direction and
contextual information to players.

Source

Despite the current practice of human-authored learning content in support systems for SG,
recent developments in computer science have the potential to profoundly transform its
creation process. With the emergence of sophisticated technologies and techniques, such as
natural language processing and machine learning algorithms, there is a growing possibility
of automating or augmenting the creation of support content. The availability of Artificial
Intelligence (AI) Application Programming Interfaces (APIs) made it possible to create support
content in SG without the need for human experts. Language models such as GPT-3.5
(OpenAl, n.d.) and LaMDA (Cheng & Thoppilan, 2022) have the capability to generate
responses that closely resemble human-like interactions. These models can understand player
questions and generate coherent and contextually relevant responses. However, their
functionality primarily revolves around text-based interactions, limiting the inclusion of other
forms of support. Furthermore, it is important to acknowledge that content generated solely
by Al may be susceptible to errors since human fact-checking is absent from the process.
Although the transition to computer-generated support content is still an evolving area, as
technology progresses, such methods will likely be integrated in the near future.

Individualization

Individualization categorizes the SG support as adaptive or non-adaptive. Adaptive support
refers to personalized and customized support that is tailored to the individual needs of the
learner. This type is designed to adapt to the player’s progress and performance, adjusting
the level and learning content accordingly. SG use data-driven approaches to create player
knowledge models or artificial neural networks to identify the learning gaps and deliver
focused support. On the other hand, non-adaptive support refers to support that is provided in
a more generic or standardized way, without taking into account the individual knowledge
level. This type of support is often designed to be more broadly applicable regardless of
individual progress or performance. Although it is considered less effective it is faster and
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easier to implement. The number of adaptive programming SG has increased in recent years
as they show positive learning results (Toukiloglou & Xinogalos, 2023).

Engagement

Engagement classifies player involvement and interaction with the support method as
interactive or non-interactive. Interactive support systems allow players to actively engage
with the content by taking action or making decisions as it unfolds. These systems are more
difficult to implement since they need to track and respond to user actions effectively.
However, they offer a higher level of engagement. An example of interactive support is shown
in Nanodoc (Toukiloglou & Xinogalos, 2023) where players can interact with the presented
working examples. On the other hand, non-interactive support systems first present the
relevant content to the player and then allow them to make choices or take actions within the
game. Non-interactive support systems are more commonly employed as they are easier to
design and relatively safer in terms of unpredicted player actions.

Image 1 summarizes the proposed taxonomy factors. By following a typical syntax
outlined by the taxonomy, a support system can be precisely identified by incorporating the
technique and media terms and subsequently appending any relevant prefixes. Examples of
support systems based on this syntax include "external manual", "adaptive text tips", "Al

audio narration", "interactive animated working example", and "in-game video chat".

SUPPORT METHOD

Integration i Technique Individualization Engagement

Image 1: The Taxonomy factors

Discussion

The TSM-SGP framework allows the identification of support systems in SG. By classifying
and organizing the different types of support, TSM-SGP provides a systematic approach to
examine and categorize the support systems. The taxonomy serves as a valuable tool for
researchers, educators, and game designers providing a deeper understanding of support
methods, their roles, and effectiveness. The TSM-SGP taxonomy is designed to be expandable,
allowing for the inclusion of new support methods as they emerge. For instance, if new media
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forms such as augmented reality are introduced as support methods, they can be easily
incorporated into the taxonomy. Similarly, if semi-Al systems become available as sources of
support, they can be included in the source category. Future research in this field may also
introduce a more robust system using acronyms to identify support methods in scientific
papers. Additionally, new categories can be introduced to provide information on aspects
such as collaborative support from other players.

The following examples of SG about programming, highlight the advantages of employing
the TSM-SGP taxonomy. In the case of DungeonClass (Toukiloglou and Xinogalos, 2022), a
study investigated the impact of working examples compared to textual support. According
to the taxonomy syntax, the term “text tips” could be used instead, allowing a more precise
characterization. Moreover, since according to the article the working examples are not
interactive and displayed with animated NPCs, the prefixes non-interactive and/or animated
would make the term self-explanatory. Similarly, in a study on adaptive support using an SG
based on Neverwinter Nights (Soflano et al., 2015), the support types were labeled as non-
adaptive text and adaptive text. However, considering that the support involved
communication through NPCs, a more precise naming convention would be NPC text dialog
and adaptive NPC text dialog. This terminology aligns with the nature of the support and
facilitates better comprehension. In the case of Minerva (Lindberg & Laine, 2018), the support
is initially identified as text, images, and video. However, upon further examination of the
support mechanisms described in the article, a proposed identification based on the taxonomy
would be instructional text, image hints, and working examples video. This refined
categorization provides a more explicit understanding of the intended purpose of each media
type mentioned, enhancing the clarity of the support system.

Limitations

Although the taxonomy is developed based on existing literature and expert insights, it lacks
empirical validation. Variations in researchers' perspectives and interpretations may arise
when categorizing certain support methods, leading to inconsistencies or disagreements in
their implementation. Furthermore, the taxonomy's generalizability across different domains
and specific contexts may be limited. The efficacy of specific support methods can vary
depending on factors such as subject matter, target audience, and learning objectives. Further
research is necessary to validate its effectiveness in practical applications and evaluate its
usefulness in diverse SG settings and educational contexts.

Conclusion

The support method categories discussed in this article have significant implications that
extend beyond the study of support systems as they contribute to a deeper understanding of
effective SG design. The taxonomy derived from this study serves as a valuable tool for
organizing support methods, while the identified relationships between support and
properties offer assistance to the scientific community in developing an integrated model of
learning within SG. This, in turn, advances the field of game-based learning and promotes the
adoption of more sophisticated approaches to improve the educational potential of games.
Although this work is focused on the context of programming in SGs, the taxonomy can serve
as a foundation for exploring support systems in other domains. Future research will involve
empirical validation and refinement of the taxonomy to ensure its effectiveness in practical
applications and diverse educational contexts.
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