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Abstract

Traditional teaching methods often fail to engage students with complex radiobiology topics, lim-iting their
understanding of key concepts like radiation's impact on biological systems and DNA repair mechanisms. This study evaluates
a card game's effectiveness in enhancing learning and engagement among second-year radiologic technology students. Sixty
students were divided into an experimental group, which used the card game, and a control group, which received traditional
instruction. Both groups completed pre- and post-tests to measure learning gains, while the ex-perimental group also assessed
satisfaction and engagement through a questionnaire. The experi-mental group showed a significant post-test improvement,
with a 24.72% gain, compared to just 0.87% in the control group. Students reported high levels of satisfaction of 4.43 and
engagement of 4.46 with the game. The game’s interactive and collaborative nature was highlighted as key to re-inforcing
complex concepts. These results suggest that integrating tools like card games into edu-cation can significantly enhance student
comprehension and retention of complex material, with potential applications across various academic disciplines to improve

educational outcomes.
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1. Architecture of the game-based learning (GbL) platform with generative Al

2. The NEOGAMES (Neonatal Resuscitation Simulation Game Designed for
Medical Students) neonatal resuscitation computer game

3. Bar chart showing the pre-test and post-test scores for each participant in the (a)
control group, with minimal improvement observed and (b) experimental group,
highlighting overall improvement after using the card game

4. The scatter plot shows pre-test and post-test scores for all participants, with linear
trend lines in-dicating an overall improvement in scores following the card game
intervention

5. The bar graphs depict pre-test and post-test scores: Control group with minimal
score change, and Experimental group showing significant improvement after using
the card game in-tervention. *Indicates statistically significant differences in
comparison to the control group

6. Bar chart illustrating student satisfaction and engagement levels, with most scores

at 4 or 5, indicating high overall satisfaction and engagement
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g‘ljﬁ 3 Bar chart showing the pre-test and post-test scores for each participant in the (a) control group, with minimal

improvement observed and (b) experimental group, highlighting overall improvement after using the card game.
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improvement in scores following the card game intervention.
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Development of a Card Game to Enhance Learning in Radiobiology

for Second-Year Radiologic Technology Students

ABSTRACT: Traditional teaching methods often fail to engage students with
complex radiobiology topics, limiting their understanding of key concepts like
radiation’s impact on biological systems and DNA repair mechanisms. This study
evaluates a card game's effectiveness in enhancing learning and engagement
among second-year radiologic technology students at Rangsit University. Sixty
students were divided into an experimental group, which used the card game, and
a control group, which received traditional instruction. Both groups completed
pre- and post-tests to measure learning gains, while the experimental group also
assessed satisfaction and engagement through a questionnaire. The experimental
group showed a significant post-test improvement, with a 24.72% gain, compared
to just 0.87% in the control group. Students reported high levels of satisfaction of
4.43 and engagement of 4.46 with the game. The game’s interactive and
collaborative nature was highlighted as key to reinforcing complex concepts.
These results suggest that integrating tools like card games into education can
significantly enhance student comprehension and retention of complex material,
with potential applications across various academic disciplines to improve
educational outcomes.

Keywords: Radiobiology, Educational Game, Learning Enhancement, Radiologic

Technology, Student Engagement



Introduction

The incorporation of educational games into course curricula has attracted a great
deal of attention, as it was shown to raise student interest and consequently learning
(Clark, Tanner-Smith, Hostetler, Fradkin, & Polikov, 2018). This is true in any
challenging course, like radiobiology. Radiobiology is very important to radiologic
technology students because they study about the impact of ionizing radiation on living
organisms (Moonkum et al., 2023; Moonkum et al., 2021; Tochaikul, Pilapong, Daowtak,
& Moonkum, 2023; Zakariya & Kahn, 2014). Traditional lecturing remains a dismal
failure in terms of student engagement and grasping complex ideas effectively
(Westwood & Westwood, 2008).

The purpose of this literature review is to examine the development and
effectiveness of games to aid learning on a topic to improve learning gain. In particular,
this will be applied to radiobiology teaching. Studies completed in health sciences
indicate that board games used in nursing education create an improved student learning
experience and better engagement for students, while they also make complex ideas clear
and fun to learn (Abdulmajed, Park, & Tekian, 2015). Further, educational games
integrated into health sciences curricula were shown to provide for deeper learning, and
knowledge application better in reality-an efficiency of games to strengthen theoretical
knowledge through practical application (De Ribaupierre et al., 2014). Stated that a
curriculum integrated with games can further enhance the development of critical
thinking and decision-making skills in medical education. Their study observed that
games deliver both an interactive learning experience and one that is collective, hence
creating a motivational environment for the students themselves (Maudsley & Strivens,
2000).

Results showed that studies on game-based learning for complex subject matter
had an advantage of the game-based approach in terms of cognitive gain and retention
compared to traditional learning techniques, and especially so with respect to complex
subjects like biology and chemistry: Results indicated that game-based learning was
particularly effective for complex subjects at the level of biology and chemistry (Hu,
Gallagher, Wouters, van der Schaaf, & Kester, 2022). These revealed the challenges
students face in comprehending radiobiology, and it was recommended that interactive
learning tools, such as games, could make complex biological procedures and radiation
effects easier to comprehend (lbarra-Herrera, Carrizosa, Yunes-Rojas, & Mata-Gomez,



2019). On student engagement and satisfaction, reviewed the impact of educational
games on student engagement and academic performance in different fields of studies
and found that in the fields of study that were reviewed, games had a significant impact
on student engagement with increased academic performance of the students participating
in the game studies (Yu, Gao, & Wang, 2021). Developed a game-based learning model
and described how games achieve student engagement through interactivity and
immediate feedback, which results in improved learning outcomes and higher student
satisfaction (Kearney & Pivec, 2007) .

In the light of implementing educational toolkits within learning studies, showed
that digital game-based learning in science education could support a learner's better
understanding of complex scientific concepts. It supports that, according to experiential
learning theory (Chen & Hwang, 2014), it is through interactive and engaging learning
methods that the effectiveness of learning is enhanced by learning actively such that one
can experiment with principles similar to game-based learning (Odendaal, 2018).

The integration of card games in education provides a number of advantages, such
as improved student engagement (Lim et al., 2024) and learning gains (Spandler, 2016),
since intricate materials become more feasible and enjoyable. These games instill active
learning with the help of interactive and collaborative elements, which have a great
impact in improving understanding and retention of intricate concepts (Eison, 2010).

There is, however, minimal evidence regarding the use of card games in
undergraduate radiological education, despite increasing interest in applying innovative
educational approaches to this area. Therefore, this research aimed to understand the
effectiveness of a radiobiology card game in enhancing learning and engagement among
second-year radiologic technology students. These findings could be applied to designing
a strategy for learning enhancement by educators-mainly those working at the university
level-to boost educational performance among undergraduate students on tough scientific
subjects. The card game could be an example for other disciplines that are thinking about
integrating similar interactive and collaborative learning tools within their curricula.
Hence, the use of the cards may probably alter the conventional teaching ways to get more

access to difficult content.



Material and methods
Research Design

This study received approval from the Ethical Committee of Rangsit University
(COA. No. RSUERB2024-115), ensuring that all research protocols adhere to ethical
standards and safeguard the rights and well-being of participants. The research utilizes a
quasi-experimental design, incorporating pre-test and post-test control groups, to
rigorously assess the effectiveness of a card game in enhancing learning outcomes. The
study focuses on second-year students in the radiologic technology program at Rangsit
University. Through this design, the study compares the learning outcomes between
students who use the card game as a supplementary educational tool (experimental group)
and those who receive traditional instruction without the card game (control group), as
illustrated in Figure 1.

The pre-test and post-test assessments are designed to measure students'
knowledge and understanding of radiobiology concepts before and after the intervention,
providing robust data on the card game's impact on learning. Additionally, a delayed post-
test is administered four weeks after the intervention to evaluate the retention of
knowledge and the long-term effects of the card game on student learning. This approach

allows for a comprehensive analysis of both immediate and lasting learning outcomes.

Ethical approval from committee

l

60 Radiologic technology students

l

Random assignment

VAR RS2

Experimental group (30 students) Control group (30 students)

\ /

Pre-test assessment

l

Post-test assessments

l

Satisfaction evaluation

l

Comparative analysis

Figure 1 Experimental design flowchart



Participants

All research protocols are designed to be in line with ethical standards and to
protect the rights and well-being of the participants. It is a quasi-experimental design with
pre-test and post-test control groups used in the research to evaluate the effect of a card
game on learning outcome measures. The study participants comprised sec-ond-year
radiologic technology students aged between 20 and 21 years. The group in-cluded 15
male students and 45 female students. This means that the research com-pared the
learning of students as they used the card game in addition to what was usually offered
(experimental group) with the learning of the students taught under the standard method
(control group) without using the card game.

The pre-test and post-test are reliable measures by which to gauge the level of
knowledge and understanding of radiobiology concepts prior to and following a given
form of intervention by the student. They provide reliable data on the effect of the card
game on learning.

Moreover, a post-test delayed by four weeks is administered after the intervention
in order to see how much knowledge was retained in the long run and how effective the
card game was in helping the student learn. Therefore, this design allows study of both

immediate and long-term learning.

Materials

The card game design was informed by content development that cut across core
radiobiology areas such as radiation effects on biological systems, DNA repair
mechanisms, cellular responses to radiation, and radioprotection. The 120 cards were
subdivided into three categories: question cards, as represented in Figure 2a. Each type
of card is designed to invoke critical thinking, debate, and problem-solving in applying
the principles of radiobiology, depicted in Figure 2b.

A content and game design validation was done by five experts in the field of
radiobiology to ensure accuracy and educational relevance. The subject matter experts
also validated thirty pre- and post-test questions designed as multiple choice questions on
the basic concepts of radiobiology. Moreover, the tests were piloted with some students

who were not part of the study group to check the reliability and validity of those tests.



Question Scenario
cards cards

SodAoa:ls?
/ What is
(b) radiation?
Question Scenario
cards cards

Figure 2: (a) Front and (b) Back side of the cards: Question cards, Keyword cards, and

Scenario cards. Scenario example.

The content of a questionnaire aimed at capturing student satisfaction,
engagement, and perception of learning effectiveness through Likert-scale items was
validated by expert review and pilot testing (table 1). This questionnaire has examined
aspects of general impression on card game use, impression aspect on content relevance
and ease of comprehension, interaction, and future recommendation.

In the engagement section, the focus was on the ability of the card game sessions
to engage the students, to be involving, to keep them tuned, and to encourage a critical
way of thinking. These questions were scored on a scale from 1 to 5, with the highest
scores indicating greater satisfaction or engagement. The validation procedure was
through a content validity review by educational experts to ascertain the reliability and
relevancy of the questionnaire, followed by a pilot study on a small student group to

affirm its effectiveness in capturing the intended data.



Table 1. Questionnaire on Satisfaction and Engagement

Section Question Scale (1-5)

Satisfaction How satisfied are you with the overall learning
experience using the card game?

How satisfied are you with the content covered by the
card game?

How satisfied are you with the ease of understanding the
material through the card game?

How satisfied are you with the interaction and discussion
prompted by the card game?

How likely are you to recommend the use of the card
game for future classes?

Engagement How engaged did you feel during the card game
sessions?

How much did the card game help you stay focused on
the subject matter?

How much did you enjoy participating in the card game
sessions?

How much did the card game encourage you to think
critically about the content?

How much did the card game sessions enhance your
overall engagement in the course?

Scale: 1 - Strongly Disagree 2 - Disagree 3 - Neutral 4 - Agree 5 - Strongly Agree

Game Stages and Rules

Rules of the game and steps are pretty simple - scoring the highest number of
points with a specified time limit. There are two steps in the game, and not more than 6
players can take part. The participants play in turns and continue the series with the
victory of a player. In the first step, all players pull up a random number, ranging from 1
to 3, where, let's suppose that 1 is a question card, 2 is a keyword card, and 3 is a scenario
card. In the second step, the player watches the drawn card lying face down. Then, he
reads out the question on the card and responds to it. A designated judge will be there for
checking the correctness of the answer. Scores are tallied through card categorization: 1
point for question cards, 1.5 points for keyword cards, and 2 points for scenario cards.

The hardest scenario cards, with the most point values, have been evaluated by
experts. Throughout playing the game, no player is allowed to get hints from other people
in order to get the right answers. The games continue to play on up to the time when all
of the cards get to be played so that the players can learn from the content of the cards.



The judge sums up the scores, and the winner is supposed to be the one with the highest

score.
Procedure

The procedure process began with the pre-implementation phase, which involved
the preparation, validation of the card game, and pre-test (5 choices, 30 points), post-test
(5 choices, 30 points) and a satisfaction questionnaire and engagement. The instructors
were trained on how to facilitate the sessions for the card game. Implementation: The
participants of the experimental group learned the card game as an adjunct to their regular
radiobiology course. In the experimental group, normal coursework in radiobiology was
integrated into the learning of the card game over six weekly sessions.

Data collection involved the administration of a pre-test to both groups before the
intervention in order to be aware of the base lines, conducting the six-week intervention,
and then administering the post-test to both groups to measure learning gains.
Additionally, the experimental group received a questionnaire after the post-test as a way

to measure their satisfaction with the card game.

Data Analysis

Quantitative data analysis included the use of paired t-tests to compare pre-test
and post-test scores within each group and independent t-tests to determine learning gains
between the experimental and control groups. Descriptive statistics from the
questionnaire items were used to describe student satisfaction and engagement levels.
Qualitative data analysis involved thematic analysis of open-ended responses from the
questionnaire to highlight common themes about how students experienced playing the

card game.

Ethical Considerations

Informed consent from all participants was adequately obtained, and they were
sufficiently informed about the study's objectives and their rights to withdraw from the
study at any time. Confidentiality of the respondents was highly observed and all the data
collected used purely for research purposes. The protocol of the study was reviewed and
approved by the Rangsit University Ethics Committee and is in compliance with ethical

standards.



Results
Pre-test and Post-test Scores
Control Group

Even students in the control group, who were using traditional instructional
methods without the benefit of the card game, showed an increase in post-test scores from
the pre-test (figure 3a). Score range in pre-test is 10 to 19 (14.89+2.87) and post-test 9 to
22 (15 +3.44).

Like the experimental group, the improvement was slighter, with the percentage
increase for the control group compared from the pre-test to the post-test being an
estimated 0.87%.

This small gain shows that the old methods of teaching were quite efficient in
delivering the content to the students but not as effective in changing the level of
understanding as was true of the experimental group. It is inferred from these relatively
small gains in the scores of the control group that conventional modes of instruction,
which are usually centered on lectures and passive learning, may not succeed in
developing deep understanding and long-term retention of complex concepts, such as
those found in radiobiology. This would indicate that traditional methods of teaching do

not easily capture attention or help the student understand complex scientific content.

Experimental Group:

In the experimental group, the students using a card game as additional
educational support showed an increase in the post-test score changes in comparison to
pretest scores (figure 3b). Score range in pre-test is 10 to 19 (14.83+2.58) and post-test
10 to 25 (18+3.71).

The percentage increased to around 24.72%, showing a significant improvement
in the understanding of radiobiological concepts. This 34% gain, hence, proves the
effectiveness of the card game as a mechanism in making students grasp some really hard
concepts-effects of radiation on biological systems, DNA repair mechanisms, cellular
response to radiation. It was improved through the interactivity coupled with fun found
in the card game. The game allowed the students to take an active role in their learning,
which was so abstract and challenging, by rendering it in an accessible, fun way. Such
involvement not only made learning enjoyable but also reinforced facts and concepts
learned to make them better-oriented to understand, retain, and apply when needed.
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Figure 3. Bar chart showing the pre-test and post-test scores for each participant in the (a)
control group, with minimal improvement observed and (b) experimental group,

highlighting overall improvement after using the card game.

An increase of such magnitude in the scores of the experimental group denotes
the potential such interactive learning tools have of bridging understanding gaps that
traditional ways of teaching might not fill. The fact that the card game makes complex
scientific matters more understandable and approachable would undoubtedly bring up the

confidence levels and performances of students while arguing well for its worth as an



educational strategy in radiobiology, and possibly also other similarly challenging

subjects.
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Figure 4. The scatter plot shows pre-test and post-test scores for all participants, with
linear trend lines indicating an overall improvement in scores following the card game

intervention.

Figure 4, The scatter plots above illustrate the distribution of pre-test and post-test
scores for the 60 participants. Participants numbered 1-30 represent the control group,
while participants numbered 31-60 represent the experimental group. The first plot,
depicting pre-test scores, shows data points closely clustered around a mean, indicating
that participants had a similar baseline level of knowledge before the intervention. The
trend line here is relatively flat, suggesting no significant difference in initial
understanding between the control and experimental groups.

In contrast, the second plot, representing post-test scores, reveals a clear upward
trend, particularly among participants in the experimental group. The trend line in this
plot indicates a substantial overall improvement in scores after the intervention, with a
more marked increase for those who used the card game. This suggests that the card game
effectively enhanced students' understanding of radiobiology concepts.

Comparing the two plots underscores the effectiveness of the card game
intervention, as evidenced by the greater dispersion and higher overall scores in the post-
test results. The notable increase in post-test scores, especially among the experimental



group, supports the conclusion that interactive learning tools like the card game can

significantly improve educational outcomes.

Statistical Analysis

Independent t-tests have been run to make a quantitative comparison of the
difference in learning outcomes between the two groups. The analysis showed significant
differences in learning gains between the experimental and control groups. From the t-
test results, it is evident that the p-value for the experimental group (p < 0.05), signifying
a significant improvement in scores from pre-test to post-test and significant post-test in
control and experimental (p < 0.05). By contrast, the control group had a p-value of 0.76,
thus showing no significant difference in learning outcome between them (figure 5).

This has been an improvement in the card game with the ability to enhance the
potential understanding that the students have in radiobiology. It may have played a role
in the better learning outcomes accrued from the use of the card game since there was

more interest and interactivity in learning.
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Figure 5. The bar graphs depict pre-test and post-test scores: Control group with
minimal score change, and Experimental group showing significant improvement after
using the card game intervention. *Indicates statistically significant differences in

comparison to the control group (p < 0.05).

These findings are consistent with the hypothesis that the use of game-based tools

for learning, such as the radiobiology card game, can significantly improve learning



outcomes. The work also suggests that novel pedagogic approaches may offer a
modernized intervention to traditional teaching methodology for complicated topics like
radiobiology. The marked difference in the post-test results of the experimental and
control groups strongly suggests that this card game is effective for a deeper

understanding and grasp of radiobiology by students compared to conventional teaching.

Student Satisfaction

The response analysis of the Student Satisfaction and Engagement data highlights
a very positive take from the experimental group toward the card game as a
supplementary learning tool. Overall, students were quite satisfied, and the answers are
distributed mostly around 4 and 5. That means the card game was very well received or
extremely well received, especially considering the content and the ease of understanding.
Besides, the fact that most students expressed willingness to recommend the card game
for future classes highlights the overall positive impact it has left on the learning
experience.

Engagement scores reflected the satisfaction results, as most of the students
reported high levels of engagement during the card game sessions. The fact that these
scores are consistently 4-5 out of 5, on engagement, shows the card game did a great job
in aiding students to be sustained in their interest and focus (figure 6). It would appear
they did not only keep the students' attention by playing the game but also enabled them
to work through the material in some sort of critically thinking way, as suggested by the
game's very nature. That Kind of engagement is needed for deep learning, meaning the

card game was a dynamic and fun alternative for usual ways of teaching.
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Figure 6. Bar chart illustrating student satisfaction and engagement levels, with
most scores at 4 or 5, indicating high overall satisfaction and engagement.

Therefore, high levels of satisfaction and engagement indicate that card games
were truly effective in making the educational process interesting for learners in the
experimental group. The positive feedback received from the students implies that the
card game actually helped in improving the understanding and retention of radiobiology
concepts. These findings add support to the idea of card games as integrating aspects
within an educational setting; they bring fun and interaction to very many learning

processes and finally change learning into academic success.

Understanding:

The comparison between the experimental and control groups demonstrates the
superior effectiveness of the card game in improving students' understanding of
radiobiology. The experimental group, using the card game as a supplementary tool,
achieved a much higher mean gain of 24.72% in post-test scores, while the control group,
which followed traditional instruction, only saw a modest 0.87% gain.

This significant difference highlights the immense value of integrating interactive
tools like card games into educational settings. The card game's success in engaging
students, enabling hands-on learning, and simplifying complex radiobiology concepts
into manageable and relatable components proved to be more effective in enhancing
comprehension and retention than conventional teaching methods alone.

Additionally, these findings suggest that such interactive approaches could
revolutionize the teaching of complex subjects, not just in radiobiology but across various
disciplines. By making learning more dynamic and participatory, tools like card games
can greatly improve student outcomes, leading to deeper understanding, increased
engagement, and ultimately, better academic performance. This evidence strongly
supports the wider adoption of interactive learning strategies in educational curricula to

create more effective and meaningful learning experiences for students.

Satisfaction:

The overall satisfaction and engagement scores for the card game as a learning
tool were impressively high, with an average satisfaction score of 4.43 and an engagement
score of 4.46 on a 5-point scale (where 1 represents "Strongly Disagree" and 5 represents

"Strongly Agree"). These results indicate a highly positive reception from students in the



experimental group. The majority of participants rated their experience with the card
game as either "satisfied" or "very satisfied,”" highlighting the effectiveness of this
interactive tool in enhancing their educational experience.

The strong satisfaction and engagement scores reflect the card game's ability to
create an engaging and interactive learning environment. Students found the game to be
an enjoyable and stimulating way to approach complex radiobiology concepts, which can
often be challenging to grasp through traditional methods alone. The interactive nature of
the game encouraged active participation, making the learning process more dynamic and
reinforcing students' understanding and retention of the material.

This overwhelmingly positive feedback suggests that the card game was not only
well-received but also highly effective as a supplementary educational tool. Its success in
this context points to its potential for broader application in other educational settings,
particularly in subjects where complex and abstract concepts need to be communicated
in a more accessible and engaging manner. The high levels of satisfaction and
engagement among students highlight the card game's value in promoting better learning
outcomes and suggest that it could be a valuable addition to educational strategies in

similar disciplines.

Discussion

The study has come out with findings that reflect the success in terms of gaining
better learning outcomes and increasing student participation in radiobiology among the
second-year radiologic technology students from using card games as an adjunct
educational instrument. The great rise in post-test scores on the part of the experimental
group, when compared with the control group, definitely proves the effect of game-based
learning on understanding complex scientific concepts.

It is note-worthy that the post-test scores had shown a substantial gain of 24.72%
in understanding the concepts of radiobiology in the experimental group. This fact is
supportive of previous findings in which cognitive gains and retention in complex
domains were reported using interactive learning tools, including serious games
(Wouters, Van Nimwegen, Van Oostendorp, & Van Der Spek, 2013).

Above, it is likely that the explanation given led to the better knowledge acquired
from card games that make complex topics like radiation effects, DNA mechanisms of

repair, and cellular responses, into simpler and more exciting material. An explanation



supported that the interactive learning tools play a relevant role in the simplification
process of biological processes (Buckley, 2000).

Engagement scores from the students in the experimental group were at 4.46,
indicating that the card game was effective in retaining student interest and participation.
This finding is consistent with that reported an increase in the engagement of the students
towards learning and also improved academic performance (Smallhorn, 2017).

The score for student satisfaction was high, with an average of 4.43, which meant
that the card game has been accepted as one of the supplementary tools for teaching. This
Is not surprising because of the findings that games are positively associated with student
satisfaction and make learning more fun and approachable in nursing education (Chang,
Kao, Hwang, & Lin, 2020). The good reception of the card game points to the fact that
such interactive tools can successfully complement classical teaching methods, offering

a more engaging alternative that will boost, besides understanding, also student

motivation (Bellotti, Berta, & De Gloria, 2010).

The fact that the scores in the control group only increased by 0.87% shows the
shortcomings of traditional methods, which are not designed to help students understand
complex ideas at a deeper level—gains that the experimental group definitely realized.
This underlines the potential that is seen with game-based learning to improve educational
outcomes (Little, 2015). Comparative analysis highly supports interactive learning tool
integration into educational curricula, especially within subjects that are enhanced with
rather complex and abstract matters (Rutten, VVan Joolingen, & Van Der Veen, 2012).

The outcome of the card game, in enhancing not only learning gains but student
satisfaction as well, reveals the applicability of the same to radiobiology and other
academic disciplines. The study resonates with the experiential learning theory, which
holds that learning is most effective when students are involved actively and
experiment—a principle that correlates very well with game-based learning (Tucker,
2018). These findings propose the wider adaptation of interactive learning strategies,
which not only makes difficult content more approachable but also creates an enjoyable
and effective environment for learning (Allen, 2016). Therefore, an analysis of these
points systematically underscores the card game's effectiveness as a valuable educational

tool that needs innovation in current approaches.



Conclusion:

The study demonstrates that incorporating an interactive card game as a
supplementary educational tool significantly enhances students’ understanding of
complex radiobiology concepts. The experimental group, which utilized the card game,
showed a remarkable mean gain of 24.72% in their post-test scores, compared to the
minimal gain of 0.87% observed in the control group receiving traditional instruction.
This significant improvement underscores the superior efficacy of interactive learning
methods over conventional teaching approaches in promoting deeper comprehension and
retention of material.

Furthermore, the high levels of student satisfaction (average score of 4.43) and
engagement (average score of 4.46) with the card game highlight its effectiveness in
creating an engaging and enjoyable learning environment. Students reported that the
game not only made learning more enjoyable but also helped them better understand and
retain challenging content. These findings suggest that interactive tools like card games
can be powerful additions to educational strategies, particularly in subjects where
complex concepts need to be communicated more effectively.

Overall, the study supports the broader adoption of interactive learning tools in
educational curricula to enhance student outcomes. The card game's success in improving
both learning gains and student satisfaction in radiobiology indicates its potential
applicability across a wide range of academic disciplines, offering a promising approach

to improving educational experiences and outcomes.
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