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ABSTRACT

Evidence indicates that digital games are particularly popular among students of the
Internet generation. Previous research has also demonstrated the potential of digital
games to enrich both leisure activities and formal teaching and learning
environments. Given the growing emphasis on assessment for learning and
assessment as learning, as well as the potential of stealth assessment to provide more
authentic evidence of learning, the present study aimed to investigate the effect of
gamification incorporating a stealth assessment approach on secondary school
students’ academic achievement in experimental sciences. The study employed a
quasi-experimental pretest—posttest control-group design. The study population
comprised all male second-grade secondary school students in Tehran during the
2023-2024 academic year (1402-1403 in the lIranian calendar). Using purposive
sampling, two schools and two classes were selected. One class was assigned to the
control group, while the other served as the experimental group and received the
gamification-based intervention incorporating stealth assessment. Data were
collected using a researcher-developed academic achievement test. The content
validity of the instrument was established through expert review and a table of
specifications, and its reliability was estimated using the Kuder—Richardson method.
Analysis of covariance (ANCOVA) was used to analyze the data. The findings
indicated that gamification incorporating stealth assessment significantly improved
students’ learning and academic achievement in experimental sciences, with students
in the experimental group demonstrating greater improvement than those in the
control group.
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Extended Abstract

Introduction

Over the past two decades, rapid advances in information and communication
technologies (ICT) have transformed many aspects of human life, including
education. One notable development has been the growing popularity of
digital games, particularly among students who have grown up in technology-
rich environments. Beyond their traditional role as a form of entertainment,
digital games have increasingly been incorporated into formal educational
settings as tools for supporting teaching and learning. In parallel,
gamification, defined as the incorporation of game-design elements into non-
game contexts, has emerged as an innovative educational approach intended
to increase students’ engagement and participation in learning activities.
Within this context, the present study examines the effect of gamification
combined with stealth assessment on students’ academic achievement in
experimental sciences.

The integration of game-design elements into educational activities can
influence how students interact with instructional content and participate in
the learning process. Elements such as points, challenges, rewards, and
feedback may provide students with clear goals, indicators of progress, and
opportunities for active participation. When appropriately integrated into
instructional design, such elements may enhance students’ engagement,
motivation, and learning experiences. The increasing application of
gamification in educational settings has also created new opportunities for
integrating assessment more seamlessly into the learning process. In
particular, stealth assessment enables evidence of students’ knowledge, skills,
and performance to be collected unobtrusively during learning activities
rather than relying exclusively on conventional, explicitly administered
assessments. Accordingly, examining the integration of gamification and
stealth assessment is particularly relevant to understanding how assessment
can be embedded within engaging learning environments while providing
evidence of students’ learning progress.

Research Questions

This study addressed the following research question: Does the use of
gamification incorporating stealth assessment significantly improve students’
academic achievement in experimental sciences? This research question
examines whether integrating gamification with stealth assessment can
improve students’ learning and academic achievement in experimental
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sciences. Stealth assessment enables evidence of students’ knowledge and
performance to be collected unobtrusively as they engage in learning
activities, thereby embedding assessment within the learning process rather
than interrupting it with separate assessment tasks. Accordingly, the study
investigates whether incorporating stealth assessment into a gamified
learning environment is associated with greater improvement in students’
academic achievement compared with conventional instruction.

Literature Review

Previous research has increasingly examined the potential of digital games
and gamification to support students’ engagement, motivation, and learning.
When appropriately aligned with educational objectives, game-based and
gamified approaches can provide interactive learning experiences that
encourage students to participate actively in learning activities. Deterding et
al. (2011) conceptualized gamification as the use of game-design elements in
non-game contexts, providing an important theoretical foundation for
subsequent applications of gamification in education. Research on gamified
learning has further suggested that appropriately designed game elements
may contribute to students’ engagement and motivation by creating
interactive, challenging, and rewarding learning experiences (Hamari et al.,
2016). Nevertheless, the educational effectiveness of gamification depends
on factors such as the design of the learning environment, the characteristics
of the learners, and the manner in which game elements are integrated with
instructional content.

Another important development in technology-enhanced learning is stealth
assessment, an approach that embeds assessment within digital learning
environments. Shute and Ventura (2013) described stealth assessment as an
unobtrusive approach to gathering evidence about learners’ knowledge, skills,
and competencies while they interact with a digital environment. Rather than
interrupting learning with separate testing episodes, stealth assessment uses
evidence generated through learners’ actions and decisions during gameplay
or other interactive activities to make inferences about their developing
competencies. This approach can therefore provide continuous information
about students’ performance while preserving their engagement with the
learning environment. The integration of stealth assessment into game-based
or gamified learning environments offers the potential to bring learning and
assessment into closer alignment by enabling students’ performance to be
evaluated as they engage in meaningful learning activities.

Beyond engagement and motivation, digital game-based learning has also
been associated with opportunities to develop competencies such as problem-
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solving, critical thinking, decision-making, and collaboration. Well-designed
digital learning environments can present learners with challenging situations
that require them to formulate strategies, make decisions, solve problems,
and, in collaborative settings, interact with others. Such characteristics
suggest that the educational value of game-based approaches may extend
beyond the acquisition of subject-specific knowledge to the development of
broader competencies relevant to contemporary education. However, these
outcomes depend substantially on the design of the game or gamified
environment and the extent to which its activities are aligned with the
intended learning objectives.

Research has also examined the application of gamification and digital
games in specific subject areas. Fallah Tafti et al. (2022), for example,
reported positive educational outcomes associated with the use of
gamification in instructional contexts. Such findings suggest that gamified
learning environments may encourage students to interact more actively with
instructional content and may support learning when game elements are
appropriately incorporated into educational activities. Similarly, Papastergiou
(2009) demonstrated the educational potential of digital game-based learning,
reporting positive effects on students’ learning and motivation in a computer
science context. Collectively, these findings provide support for further
investigation of gamification in school-based learning environments. In
particular, examining gamification in conjunction with stealth assessment
may contribute to a better understanding of how game-design elements and
embedded assessment can be integrated to support both learning and the
continuous evaluation of students” academic progress

Previous research has demonstrated that digital games and gamification
can significantly increase student engagement, motivation, and overall
academic performance. These approaches have been linked to improved
learning outcomes, particularly when they are integrated with educational
content. For instance, Deterding et al. (2011) and Hamari et al. (2016) argue
that gamification encourages active participation by incorporating enjoyable
game elements that appeal to students. By turning learning into a more
interactive and rewarding experience, students are more likely to be
motivated andengaged in their studies.

Furthermore, Shute and Ventura (2013) introduced the concept of stealth
assessment, which evaluates students’ learning without disrupting their
engagement with the educational content. Stealth assessment is integrated
into the game itself, collecting data as students interact with the game
environment. This approach allows for real-time feedback, providing
immediate insights into students’ progress and understanding. Shute and
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Ventura (2013) found that stealth assessment offers more authentic and
accurate evaluations compared to traditional testing methods. By evaluating
learning as it happens, stealth assessment captures a more holistic view of
students' abilities and progress, rather than relying on single-point
assessments such as quizzes or exams. The integration of stealth assessment
into gamified learning experiences creates an ideal combination, allowing for
continuous, non-intrusive evaluation that keeps students engaged while
providing valuable learning insights.

In addition to the advantages for engagement and motivation, gamification
has been found to support the development of essential 21st-century skills,
such as critical thinking, problem-solving, and collaboration. Lee et al. (2013)
argue that digital games promote these skills by providing students with
scenarios that require them to make decisions, solve complex problems, and
work collaboratively with others. As such, gamification not only enhances
academic achievement but also fosters broader skills necessary for success in
the modern world. Moreover, studies like those by Fallah Tafti et al. (2022)
indicate that gamification in educational contexts, particularly in subjects like
experimental sciences, can lead to improved learning outcomes. Their
research suggests that gamified learning environments promote higher levels
of student engagement with the content, as students are more actively
involved in their learning. This increased interaction with the material leads
to better retention of information and a deeper understanding of the subject
matter. Similarly, Papastergiou (2009) found that digital games enhance
learning in subjects such as mathematics and science, making the learning
process more enjoyable and effective.

Methodology

The study employed a quasi-experimental pretest—posttest control-group
design. The study population consisted of male second-grade students in
Tehran, Iran, during the 2023-2024 academic year. Using purposive
sampling, two schools and two classes were selected for participation. One
class served as the control group, while the other served as the experimental
group and received the gamification-based intervention incorporating stealth
assessment. Data were collected using a researcher-developed academic
achievement test. The content validity of the test was established through
expert review and a table of specifications. The reliability of the instrument
was estimated using the Kuder—Richardson method. Analysis of covariance
(ANCOVA) was used to analyze the data and determine whether the
experimental and control groups differed significantly in posttest academic
achievement after accounting for their pretest scores.
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Results

The results indicated a statistically significant difference in academic
achievement between the experimental and control groups. After controlling
for pretest scores, students in the experimental group, who received the
gamification-based intervention incorporating stealth  assessment,
demonstrated significantly higher posttest academic achievement than
students in the control group. These findings indicate that the intervention
was effective in improving students’ academic achievement in experimental
sciences. Generally, the results provide evidence for the effectiveness of
integrating gamification with stealth assessment in the teaching of
experimental sciences. Students exposed to the intervention demonstrated
greater improvement in academic achievement than those who received
conventional instruction, suggesting that the integration of gamification and
stealth assessment may represent a promising approach to supporting
students’ learning in this subject area.

Conclusion

The findings of this study indicate that the integration of gamification with
stealth assessment had a positive and statistically significant effect on
students’ academic achievement in experimental sciences. Students who
participated in the gamification-based intervention incorporating stealth
assessment demonstrated greater improvement in academic achievement than
those in the control group. These findings suggest that combining game-
design elements with unobtrusive assessment may provide an effective
approach to integrating learning and assessment within an interactive
educational environment. The results further highlight the potential value of
incorporating stealth assessment into gamified educational activities, as this
approach enables evidence of students’ learning and performance to be
gathered without separating assessment from the learning process.
Accordingly, the integration of gamification and stealth assessment may offer
a promising complementary approach to conventional instructional and
assessment practices. Further research with larger and more diverse samples,
different subject areas, and longer intervention periods is needed to establish
the generalizability and longer-term effectiveness of this approach.
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1. Homogenous sampling
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1. assessment of learning
2. assessment as learning
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