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ABSTRACT

This review aims to examine the role of gamification in fostering collaboration, critical
thinking, problem-solving, and digital literacy-the essential 21st-century skills. The
review used a structured methodology, while a comprehensive search was conducted
across Scopus, ERIC, Google Scholar, and ResearchGate to analyze studies published
between January 2010 and August 2025. The findings reveal that when strategically
designed, gamification effectively promotes the development of collaboration, critical
thinking, problem-solving, and digital literacy skills by embedding game elements into
learning activities. Specifically, the findings from the analysis show that collaborative
features of gamification tools (e.g., rewards, leaderboards, points) strengthen teamwork,
narrative-driven challenges foster critical thinking, and integrated approaches with
problem-based learning enhance problem-solving abilities. Furthermore, gamified digital
environments significantly enhance students’ digital literacy skills. This review concludes
that gamification is a powerful and promising pedagogical tool for developing 21st-
century skills, but its effectiveness is contingent upon intentional design.

Keywords: gamification, 21st-century skills, collaboration, critical thinking, digital
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INTRODUCTION

In today’s interconnected and rapidly evolving world, the development of 21st-century skills has become more
essential for education systems worldwide (Agaoglu & Demir, 2020; Kennedy & Sundberg, 2020). There is no
single, explicit definition of 21st Century Skills. Partnership for 21st Century Skills (2009) emphasized that itis
a combination of content, skills, and expertise that students must acquire to thrive professionally and
personally. Ananiadoui and Claro (2009) further explained that 21st-century skills refer to the specific
knowledge, skills, and attributes that 21st-century young people must possess to function successfully as
productive employees and active citizens in a society driven by information. The effectiveness of 21st-century
skills is built upon a core of knowledge, practical abilities, personal attitudes, ethical values, and moral
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standards (Suto & Eccles, 2014). The frameworks ultimately converge on a common set of skills, which are:
communication, collaboration, critical thinking, creativity, problem solving, and digital literacy (Ananiadoui &
Claro, 2009; Partnership for 21st Century Skills, 2009; Suto & Eccles, 2014; Teo, 2019; Voogt & Roblin, 2010).

The skills, such as critical thinking and problem-solving, while having long been valued, the current economic
and social changes demand these competencies to a greater extent than in previous eras (Purwanto et al.,
2023; Rosak-Szyrocka & Balsalobre-Lorente, 2025; Rotherham & Willingham, 2010). In addition, skills such as
collaboration, creativity, critical thinking, and digital literacy are now seen as essential not only for workforce
readiness but also for active global citizenship (Kennedy & Sundberg, 2020; Mahmud & Wong, 2022). This
emphasis requires moving beyond traditional content delivery toward pedagogies that deliberately foster these
competencies, recognizing the interdependence of skills and knowledge (Agaoglu & Demir, 2020; Rotherham
& Willingham, 2010). Consequently, educational reforms increasingly call for integrating the teaching and
assessment of such skills across curricula (Kennedy & Sundberg, 2020; Rotherham & Willingham, 2010).

One promising approach is gamification—-defined as the application of game design elements and principles in
non-game educational contexts to enhance engagement, motivation in learning, and promote the
development of critical skills (Caponetto et al., 2014; Majuri et al., 2018; Saenboonsong & Poonsawad, 2024;
Waulan et al., 2024). Unlike game-based learning, which relies on complete games, gamification incorporates
features such as points, badges, leaderboards, progress bars, and narratives into existing learning activities
(Manzano-Leon et al., 2021; Oliveira et al., 2023). Because of its potential to create interactive, motivating, and
enjoyable learning experiences for the students, the adoption of gamification tools has grown considerably in
education, especially in higher education (Caponetto et al., 2014; Manzano-Ledn et al., 2021; Pum, 2025). Few
previous studies provide insights into the gamification’s ability to enhance engagement, and motivation is well
documented (Caponetto et al., 2014; Manzano-Ledn et al., 202; Pum, 2025); less is known about its specific
role in developing key 21st-century skills, specifically, collaboration, critical thinking, problem-solving, and
digital literacy skills. Given the urgency of equipping students with these competencies (Kennedy & Sundberg,
2020; Rotherham & Willingham, 2010), a focused synthesis of current evidence is warranted. Most of the
previous studies emphasize the general benefits of gamification for learning and performance (Lampropoulos
& Sidiropoulos, 2024; Pum, 2025; Poondej & Lerdpornkulrat, 2020; Sailer & Homner, 2020). However, only a few
studies directly examine its impact on collaboration, critical thinking, problem-solving, and digital literacy
(Angelelli et al., 2023; Firmansyah & Rosmansyah, 2024; Kassenkhan et al., 2025; Koravuna & Surepally, 2020;
Rzabayeva et al., 2024). All of these studies separately analyzed the impact of gamification on a specific
outcome among collaboration, critical thinking, problem-solving, and digital literacy. For instance, Angelelli et
al. (2023) found that game-based intervention helped participants develop critical thinking, creativity, and
teamwork by connecting the story’s challenges to real-life experiences, while Koravuna and Surepally (2020)
found that game-based environments helped advance digital literacy efforts. Though it is unclear how long the
effects will last.

This review aims to examine how gamification is being designed and implemented to support the development
of collaboration, critical thinking, problem-solving, and digital literacy-the essential 21st-century skills. It
synthesizes existing research, evaluates reported outcomes, identifies common design principles, and
discusses challenges and limitations.

METHODOLOGY

This document review was conducted to synthesize existing studies on the use of gamification to develop key
21st-century skills, specifically, collaboration, critical thinking, problem-solving, and digital literacy skills. To
identify relevant studies, we conducted a search across major academic databases, including Scopus, ERIC,
Google Scholar, and ResearchGate. These academic databases cover educational research, social sciences,
and interdisciplinary studies. This search follows specific terms and phrases below:
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e "21st century skills"

e "Gamification"

e "Gamification education collaboration"
e "Gamification critical thinking"

e "Gamification problem solving"

e "Gamification digital literacy"

e "Educational games 21st century skills"

These terms were used to query the databases, focusing the search on titles, abstracts, and keywords where
possible, depending on the specific database functionalities. Linked by Boolean operators (AND, OR), the
search strategy was developed using a combination of keywords reflecting the core concepts of the review. The
search process aimed to identify studies that directly address the intersection of gamification, education, and
targeted 21st-century skills. The search strategies were screened studies based on predefined inclusion and
exclusion criteria to ensure their relevance to the review objectives.

Following Table 1, the inclusion criteria and exclusion criteria, the selection process involved a two-stage
screening. We start by screening titles and abstracts, and then we do a full-text review of potentially relevant
studies. The relevant data were systematically extracted using a predefined data extraction template. This
template was designed to capture specific information pertinent to the review's objectives. The extracted data
points for each study are included in Table 2.

The extracted data were then synthesized using a mixed approach. The findings are primarily organized by the
target 21st-century skills. Within the discussion for each skill, the synthesis aims to explore the different types
of gamification techniques that have been applied with the students, the research methods used to evaluate
outcomes, and the specific findings regarding their impact.

Table 1. Inclusion criteria and exclusion criteria
No. Inclusion criteria

1 Publications must be available in English.

2 Publication types include peer-reviewed journal articles, conference proceedings, book chapters,
theses, and dissertations.

3 Studies must focus on the application of gamification or game-based approaches within an
educational context.

4 Studies must explicitly measure, discuss, or explore the impact, potential, or relationship of
gamification with the development of at least one of the 21st-century skills: collaboration, critical
thinking, problem-solving, or digital literacy. Studies that primarily focus on engagement and
motivation were included if they also discussed or provided data related to these specific skills.

5 Studies must have been published between January 2010 to August 2025.
Exclusion criteria
1 Studies not available in English.
2 Publications such as opinion pieces, editorials, or concrete examples of gamification implementation.

3 Studies that solely focused on traditional game-based learning without including the application of
gamification principles to non-game contexts.

4 Studies where the educational context or the target skills are not clearly defined or are outside the
scope of collaboration, critical thinking, problem-solving, and digital literacy.
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Table 2. Summary of data extraction categories for gamification studies
No Categories Data points

Including author(s), year of publication, title, and source (e.g., journal,

1 Full citation details . . . . . .
conference proceedings, book title, university for dissertations).

The setting where the study took place (e.g., K-12, higher education,

2 Educational context professional training) and the specific subject area or discipline.

3 Participant Details about the students or participants involved, such as their
characteristics educational level and sample size.

4 Type of gamification A description of the specific gamification elements, mechanics, or
used approaches implemented in the study.
Targeted 21st-century Identlflcat|0Q of the §peC|f!c skill(s) the ‘gamlfle.d. |nterv.en'F|on aimed to

5 develop or impact, including collaboration, critical thinking, problem-

skili(s) solving, and/or digital literacy.

The methodological approach and specific methods used to conduct the
6 Research methods study and evaluate the impact of gamification (e.g., experimental design,
qualitative case study, survey, assessment tools used).

7 Specific findings Detailed results and conclusions from the study regarding the effectiveness
(impact on skills) or observed impact of gamification on the targeted 21st-century skill(s).
Any difficulties encountered during implementation, limitations of the study
Reported challenges or . . e
8 S design, or challenges related to using gamification were reported by the
limitations
authors.
9 Reported Suggestions for future research, practice, orimplementation are provided by
recommendations the authors.

To ensure the reliability of the data extraction process, data from a subset of studies (approximately 20%) were
independently extracted by two reviewers. Any discrepancies were resolved through discussion until
consensus was reached, or by consulting a third reviewer if necessary. This structure allows for a detailed
analysis of how gamification supports the development of each skill, while highlighting common practices and
evaluation methods. It also presents the reported effectiveness and associated challenges drawn from the
synthesis of the included studies. Findings are compared and contrasted across studies to identify patterns,
variations, and key insights.

FINDING AND DISCUSSION

The sections below discuss the main findings grouped under the themes of gamification for developing
collaboration skills, gamification for developing critical thinking skills, gamification for developing problem-
solving skills, and gamification for developing digital literacy skills, followed by challenges and considerations
in using gamification for skill development.

Gamification for Developing Collaboration Skills

Gamification is not about playing real games; however, it uses the gamification elements such as the process,
recognition (e.g., points, badges), and complement (rewards) to engage students and help them to develop
their problem-solving and social skills. Combining these two skills develops students' collaborative problem-
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solving skills (CPS) (Pei & Harun, 2023). Educational initiatives around the world, such as PISA, prioritize
collaborative problem-solving as it is instrumental in building the cognitive, social, and emotional
competencies essential for efficiency and innovation in today's economy (Graesser et al. 2018; OECD 2017).
Although collaboration lacks a single definition, experts describe it as a mutual, coordinated effort to reach a
shared goal, which necessitates sharing goals, resources, and ideas, and is built upon trust, respect,
responsibility, and accountability (Détienne et al. 2012). Collaborative skills, which are essential teamwork
skills, are being chosen as one of the most important skills in the future workplace (Maraza-Quispe et al., 2024;
Walker & Walker, 2019). Intrinsic motivation and collaborative learning, allied to specific learning objectives,
were brought into focus (Bovermann & Bastiaens, 2018). According to Maraza-Quispe et al. (2024), upper
secondary school students work more collaboratively when integrating the Classcraft gamification platform.
The findings further suggested that by implementing this gamification platform, teachers can foster students’
internal team management skills and their collaborative learning, while improving students' interdependence
and individual and group responsibility among students (Maraza-Quispe et al., 2024). In addition, it was
revealed by research that gamification features such as points and leaderboards are considered to play a
significant role in influencing students' intrinsic learning motivation and collaborative learning (Bovermann &
& Bastiaens, 2019). Furthermore, the 21st-century skills focus on the 4Cs of critical thinking, communication,
collaboration, and creativity that can be developed through sandbox video games like Minecraft (Partridge,
2022). The results from Partridge (2022) further showed that the game encourages creativity and critical
thinking in a hands-on, interactive learning environment. For the students who use Minecraft in their learning,
they demonstrate improved engagement and problem-solving skills. and collaboration with peers. The study
also found that when children engage in collaborative Minecraft play, they foster teamwork, communication,
and social skills as players exchange ideas and problem-solve in real-time (Partridge, 2022).

Gamification for Developing Critical Thinking Skills

Critical thinking (CT) is the deliberate application of cognitive abilities to solve problems and make decisions
effectively (Halpern, 1998). It functions as a structured practice where one analyzes and synthesizes data to
continuously refine their thinking (Paul, 1992; Paul & Elder, 2019). Ultimately, the specific skills emphasized in
CT are not standardized, but are tailored to the particular demands of the educational setting and discipline
(Condon & Kelly-Riley, 2004). Gamification has become one of the popular technologies that is used for
developing the user’s behavior more effectively with the addition of many types of games (Trinidad et al., 2021).
The integration of gamification in education is currently the most useful method for instruction, even though
some parts of gamification still need to improve, especially for cognitive learning (Sailer & Homner, 2020). More
than that, it was found not only to change behavior but also to encourage physical activity, which is a pathway
to understanding the global physical inactivity pandemic (Mazeas et al., 2022). Furthermore, Gamification
empowers the user to use their problem-solving skills and allows them to make decisions from critical thinking
that is based on their own knowledge to solve the imaginative nuisance from the narrative. Additionally, the
researcher shows that increasing the motivation, ability to solve problems, and stimulation by using
gamification is more important (Kladchuen & Srisomphan, 2021; Vikingstad & Tjgtta, 2024). Many types of
gamifications have relevance in learning that have improved the thinking skills of learners (Marti-Parrefio et al.,
2019). Moreover, it allows participants to use their own prior knowledge and critical thinking to find the key
concept or problem represented by the game's narrative (Angelelli et al., 2023). For example, Correia and Lobo
(2024) and Koten and Utama (2023) reported that involving games in education and learning has expanded
access to study and also enlarged engagement in learning. As interaction with Al combines with gamification,
it enhances adaptation and supports critical thinking skills to a greater extent, and makes the students
understand the complex concept (Choustoulakis et al., 2025; Correia & Lobo, 2024; Koravuna & Surepally,
2020; Naatonis et al., 2024).
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Gamification for Developing Problem-Solving Skills

Problem-solving and critical thinking are the interconnected skills that cannot be separated. Itis an intellectual
skillthat enables the evaluation and reorganization of one's existing mental framework of knowledge (Hu, 2011;
Kocak et al., 2021). Creative problem-solving offers a complete approach to creative problem-solving,
demanding that users consider problems from various viewpoints within a supportive setting (Laar et al., 2020).
It operates in three steps: Problem Finding (scoping), Idea Finding (using divergent thinking to generate
solutions) (Fauziah et al., 2020), and Solution Finding (using convergent thinking to select options). The
success of the process depends critically on a risk-tolerant environment fostered by effective leadership
(Baran et al., 2021). The scope of gamified problem-solving extends beyond traditional classroom settings to
include virtual and collaborative environments. According to a study by Stoeffler et al. (2020) by using a virtual
agent in a first-person maze environment, they can effectively measure the cognitive and social aspects of
problem-solving. In addition, research conducted by Kladchuen and Srisomphan (2021) has found that
gamified learning environments can create a motivating and stimulating context for learners to tackle complex
challenges and develop the cognitive and collaborative skills necessary for success in the 21st century. The
integration of gamification mechanisms, such as experience points, badges, leaderboards, and challenges
with problem-based learning, is significant for motivating students and can further enhance their analytical
and problem-solving abilities (Kladchuen & Srisomphan, 2021). Similarly, Poonsawad et al. (2022) developed
a problem-based learning model that uses interactive digital storytelling within a gamified environment, which
has been shown to significantly promote students' problem-solving skills. In addition, Saenboonsong and
Poonsawad (2024) have successfully developed a learning model that combines a gamification environment
with cartoon animation media to foster creative problem-solving skills, which made the learning process more
engaging and significantly improved students' creative problem-solving abilities. In another study by Machmud
et al. (2023) focus was on a theoretical and design framework for a constructivist gamification environment
model aimed at improving ill-structured problem-solving in learning sciences. Their framework is built upon
psychological, pedagogical, technological, and problem-solving principles, and it emphasizes cognitive
aspects such as stimulating cognitive structure and supporting knowledge construction.

Gamification for Developing Digital Literacy Skills

The growing integration in education has been found to significantly impact students' learning and develop their
digital literacy skills. Studies have suggested integrating gamification to education to make the learner more
accessible and more engaging, with better use and improvement (Koravuna & Surepally, 2020; Rzabayeva et
al., 2024). According to Serrano (2019), digital game-based learning helped students develop digital literacy
skills more effectively than traditional methods). Gamification transforms routine tasks (such as information
evaluation, online safety, and data handling) into dynamic, interactive, and relevant challenge-based activities.
This encourages deep engagement, exploration of digital tools, and the development of critical digital
competencies (Rzabayeva et al., 2024). Furthermore, it reshapes the experience in the classroom, such as
rivalry in the platform of gaming with various players and games related to learning that help to promote digital
literacy more effectively (Koravuna & Surepally, 2020). Additionally, gamification is one of the best tools that
increases learner cooperation and engagement. It contributes to digital literacy by focusing on the potential of
studying in between education and fun, like using prizes, points, and challenging with interesting lessons to get
me interaction in a learning environment (Rzabayeva et al., 2024). There are several studies that have shown
that gamified learning experiences can significantly improve students' digital literacy. According to Holm
(2015), the importance of digital literacy for students has been highlighted by the increasing prevalence of
online courses. Holm (2025) found that digital literacy significantly influenced students' performance in online
courses, with digitally skilled students achieving higher grades. This study explores how digital literacy is
related to academic performance among students enrolled in an online anatomy and physiology course. The
results show that some elements of digital literacy play a more significant role in achieving academic success
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in the online course. Furthermore, educators can support students in developing skills by using digital game-
based learning (Serrano, 2019). Furthermore, the studies show that digital game-based learning, such as
collaboration, choice, and feedback, has an impressive positive impact on learner performance (Serrano,
2019).

The important skill in the 21st century is digital literacy, which has become an essential aspect of modern
education, allowing students to critically assess, explore, and use it effectively (Alnuaim, 2024). According to
McGuinness and Fulton (2019), the case study of over eighty-six higher education institutions on e-tutorials
found that accessibility, ease-of-use, design, and duration of the e-tutorials were deemed effective in terms of
user engagement. E-tutorials provide students with varied methods for developing essential literacy skills and
diverse opportunities to engage with the learning content. Since these tutorials are reusable learning objects,
they can be utilized as on-demand resources whenever students feel the need to review specific skills or
reinforce material. There are also some effective skills that students can earn from gamification, such as
browsing, searching, and filtering data, information, and digital content, interacting through digital
technologies, sharing through digital technologies, collaborating through digital technologies, protecting
devices, protecting personal data, and privacy (Torres-Toukoumidis & Maedts, 2019).

Challenges and Considerations in Using Gamification for Skill
Development

Challenges were perceived by educators, as serious game designers, to be administrative, design-related,
attitudinal, and communicative. When people share different ideas and use creative ways to plan and create
games, serious game design and development can be improved. To achieve these goals, trust should be
developed between target users, the technical development team, and the educators who use serious games
(Dimitriadou et al., 2021). In addition, gamification is effective in developing and assessing soft skills, which
play a critical role in the success of individuals, teams, and organizations (Altomari et al., 2023). The
application of game features, mainly video game elements, into non-game contexts is known as gamification
to make learning more fun and motivating. Using gamification in teaching helps many students who feel
disconnected from traditional teaching methods. A possible solution to the decline in learners’ motivation and
engagement faced by the education system today could be provided through the use of gamification
(Alsawaier, 2018). As a result, the appeal of digital games has increased in studies. However, researchers are
still working on more studies, particularly on theoretical and methodological advancements (to address this
gap, a new approach called Digital Gaming Relationship (DRG) has been introduced that aims to provide a clear
framework for understanding how learners interact with digital games) (Sokka et al., 2025). Previous studies
defined player types based on their in-game actions and reasons for playing. The results indicate that seeking
information related to digital games is an important metagame activity related to other metagame activities.
(Kahila et al., 2025). Furthermore, educators view gamification as a powerful tool for boosting student success
within modern hybrid learning models. Drawing on the principles of design science research, Thi Binh et al.
(2024) developed an outline to design a gamified hybrid course curriculum that includes course content,
activities, and assessments based on four gamification elements: achievement, value, benefits, and
competition.

CONCLUSION

This review synthesizes how gamification is being utilized to intentionally foster 21st-century skills—
collaboration, critical thinking, problem-solving, and digital literacy skills-the skills have been found significant
for academic and professional success. Beyond summarizing prior findings, this review contributes new
knowledge by systematically linking specific gamification elements (e.g., team-based points, gamified
narratives, and problem-based learning integration) to the development of distinct 21st-century skills. For
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instance, elements like team-based points, shared challenges, and cooperative platforms were found to foster
teamwork, communication, and mutual responsibility. In addition, the analysis shows that gamified narratives
and challenges compel learners to apply their prior knowledge and analytical skills to overcome complex
obstacles—an element of critical thinking and problem-solving skills. Furthermore, we also found that teachers
can foster students’ analytical skills and encourage their higher-order thinking by integrating gamification with
the problem-based learning (PBL) model. Finally, the review indicated that gamified digital environments
inherently support the development of digital literacy by providing students with hands-on experience
navigating digital tools, interacting with them, and using various tools and content. By mapping these
connections, the review provides educators with actionable insights for strategically designing gamified
learning experiences. Additionally, the study highlights that the effectiveness of gamification depends on
thoughtful integration, offering a conceptual framework for future research and practical implementation in
educational settings.

RECOMMENDATIONS

Based on our comprehensive review, we recommend some strategies to leverage gamification in education in
order to develop 21st-century skills, specifically collaboration, critical thinking, problem-solving, and digital
literacy. First, teachers/educators should incorporate elements like team-based points, shared challenges,
and cooperative platforms, which require students to exercise communication and mutual responsibility to
maximize the development of collaboration and teamwork. Second, to foster critical thinking and problem-
solving skills, educators should harness the power of gamified narratives and complex challenges because
these require learners to apply their prior knowledge and analytical skills to overcome complex obstacles.
Third, another effective approach is the integration of gamification with the Problem-Based Learning (PBL)
model. This integration will further encourage analytical capabilities and higher-order thinking by embedding
complex problem-solving within the game structure. Finally, we recommend that teachers/educators provide
students with hands-on experience in navigating, interacting with, and utilizing various digital tools and
content, as gamified environments are often digital, their use naturally supports the development of digital
literacy. Therefore, the core recommendation is to ensure that the gamified design is intentionally aligned with
the specific skill objectives, moving beyond superficial elements to create mechanics that necessitate the use
and practice of the target 21st-century skills for successful progression.
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