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Game-based learning has gained significant attention from educational researchers because of its ability to 
create an engaging and enjoyable learning environment for students. However, there was a research gap 
regarding the design of game mechanics that specifically helped students understand abstract scientific 
concepts. Also, the impact of increased motivation, interest, and engagement on conceptual understanding 
remained uncertain. The objective of this study was, therefore, to analyze the efficacy of using analogy 
teaching as a learning design principle for creating game mechanics to improve students' conceptions of 
bioaccumulation and biomagnification. Additionally, the study aimed to investigate whether providing a 
clear analogy comparison after gameplay could have a significant impact on students' learning outcomes. 
The research also examined the correlation between students' enjoyment level during gameplay and their 
learning outcomes. An embedded experimental mixed methods design was utilized to address the 
research objectives. The participants were 54 undergraduate students from non-science disciplines. They 
were divided into two groups: the Game-based Learning [GL] group and the Game-based Learning with 
eXplicit analogy discussion [GLX] group. Both groups used a board game to learn about bioaccumulation 
and biomagnification. The GL group had reflective discussions about the concepts after playing the game. 
The GLX group had an additional task where they identified similarities and differences between the 
gameplay and the scientific concepts, and they explicitly discussed these through a worksheet provided 
before the discussion. Results showed that after engaging in game-based learning, both groups exhibited a 
significant improvement in their understanding of bioaccumulation and biomagnification, moving from 
incomplete or partial understanding to more scientifically accurate concepts. Notably, the GLX group 
scored higher in post-tests compared to the GL group. Despite high levels of enjoyment during gameplay, 
there was no correlation between this enjoyment and the post-test scores. An unexpected slight negative 
correlation was found between immersion during the game and post-test scores. Discussion and 
implementation of the research results were provided. 
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1. Introduction

The integration of various forms of games to support learning has attracted the attention of 
educators and researchers, due to the ability to create an engaging and enjoyable learning 
environment for students (Klopfer et al., 2009; Li et al., 2022). Research has shown that games can 
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be effective in improving knowledge understanding (Hsu et al., 2011; Jasti, et al., 2016; Spiegel et 
al., 2008), as well as problem-solving (Spires et al., 2011) and scientific argumentation skills (Squire 
& Jan, 2007), whether through interpersonal interactions in the classroom (Fjællingsdal & 
Klöckner, 2020) or via digital platforms (Barab & Dede, 2007). However, it is important to note that 
educational games should be used to achieve specific learning objectives and game mechanics 
must be part of a well-designed instructional process to ensure that the desired learning outcomes 
are achieved (Aleven et al., 2010). 

Game mechanics are essential elements in game design that affect learners across various 
domains, including affective, behavioral, cognitive, and sociocultural aspects (Plass et al., 2015).  
Aleven et al. (2010) defined game mechanics as “the basic components out of which the game is built: 
the materials, rules, explicit goals, basic moves, and control options available to the players”  

Scholars have emphasized the significance of designing game mechanics that is consistent with 
instructional design to promote learning within educational games (Gunter et al., 2008; Plass et al., 
2015). In other words, educational game mechanics can be designed effectively by applying 
appropriate learning design principles. These principles can help create games that engage 
students to learn (Aleven et al., 2010). 

While many studies have explored the benefits of using games to enhance learning, there 
remains a gap in research regarding the design of game mechanics that can specifically help 
students understand abstract scientific concepts. One of the learning design principles that can 
simplify complex and abstract scientific ideas is analogy teaching. By relating unfamiliar ideas to 
something within the student's existing knowledge, analogies provide a bridge from the known to 
the unknown, allowing students to grasp intricate concepts that might otherwise prove 
challenging (Glynn & Takahashi, 1998). Therefore, designing game mechanics based on the 
concept of analogy teaching could potentially help students grasp abstract and complex scientific 
concepts. Furthermore, game elements such as competition, point accumulation, and collaborative 
gameplay might enhance students' enjoyment and social interaction, which are crucial components 
of learning (Plass et al., 2020) 

Bioaccumulation and biomagnification are abstract and complex scientific concepts related to 
environmental issues.  Schlussel et al. (2018) found that distinguishing between bioaccumulation 
and biomagnification can be challenging for students. While bioaccumulation describes the build-
up of external substances in organisms without specifying the entry pathway, biomagnification 
relates to the increased concentration of residual substances along food chains and is mainly 
associated with dietary absorption (Arnot & Gobas, 2006; Connell, 1990; Woodwell et al., 1967). 
Biomagnification is a complex concept that involves other scientific concepts such as food webs, 
mass transfer in an ecosystem, and trophic levels. However, some students mistakenly believe 
biomagnification and bioaccumulation are the same, or that biomagnification only occurs with 
heavy metals (Kim & Kim, 2013). Therefore, it is interesting to consider how the principles of 
analogy teaching can be employed in designing game mechanics to facilitate the understanding of 
complex and abstract scientific concepts such as bioaccumulation and biomagnification. 

To make the most effective use of analogies, several studies suggest that a phase of discussion 
should be included which compares the similarities and differences between scientific concepts 
and the analogy used. This ensures that learners develop a correct understanding and avoid any 
misconceptions that may arise from the analogy (Harrison & Treagust, 1993; Treagust et al., 1992; 
Venville, 2008). Therefore, when designing game mechanics, it's important to have an additional 
activity for analogy comparison after gameplay. However, this step might extend the learning time 
and cognitive load for the students as they need to compare and contrast the analogy to 
understand scientific concepts by themselves. Therefore, research is required to determine the 
necessity of an analogy comparison activity after gameplay when incorporating analogy principles 
to design game mechanics. 

Furthermore, Li and Tsai (2013) reviewed empirical research articles on game-based science 
learning [GBSL] published from 2000 to 2011 and argued that there was an implicit assumption 
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that playing games leads to learning. It's crucial to validate this assumption by analyzing the 
correlation between in-game performance, gaming behaviors, and science learning outcomes. 
Interestingly, the impact of increased motivation, interest, and engagement on cognitive learning 
outcomes, such as scientific knowledge and problem-solving, remains uncertain. 

The objective of this research is to explore the effectiveness of using analogy teaching as a 
learning design principle to create game mechanics to enhance student’s conceptions of 
bioaccumulation and biomagnification. Importantly, this study aims to investigate whether 
providing an explicit analogy comparison after gameplay significantly improves students' learning 
outcomes. Moreover, the correlation between the students' enjoyment level during gameplay and 
their learning outcomes is examined. This research provides valuable insights into the use of 
analogy teaching in game mechanics design and will offer evidence to either support or challenge 
the claims about the relationship between cognitive and affective factors in game-based learning. 
The research questions are as follows: 

RQ 1) What is the effectiveness of using analogy game learning to enhance student’s 
conceptions of bioaccumulation and biomagnification? 

RQ 2) What is the impact of explicit analogy comparison activity on students’ conception after 
the gameplay? 

RQ 3) What is the relationship between students’ enjoyment and students’ conception after the 
gameplay? 

RQ 4) What are the students’ opinions of gameplay in terms of how it contributes to learning of 
bioaccumulation and biomagnification? 

2. Literature Review 

2.1. Game-Based Learning 

Games and game-like environments offer students a chance to learn through practical and 
authentic experiences (Liu et al., 2014). If games are successful in creating virtual experiences that 
focus on problem-solving and stimulate learning and mastery as a source of pleasure, they can be 
seen as powerful tools for deep learning (Gee, 2008). Klopfer et al. (2009) defined games as 
structured activities with a defined set of rules, where players aim to tackle challenges to achieve a 
specific objective. Games have a long history of being effective instructional methods. For example, 
chess, a game dating back to the seventh century, was used to teach military forces strategic 
decision-making and logical thinking (Kende & Seres, 2006). Games can engage learners on 
cognitive, affective, behavioral, and sociocultural levels in unique ways. Game-based learning is a 
form of gameplay designed with clear educational goals in mind (Plass et al., 2015). The potential 
of game-based learning as an effective instructional method lies in its ability to provide learners 
with situated learning experiences by immersing learners in game environments that simulate 
real-world scenarios. GBL enables students to apply their knowledge in contextually relevant 
settings. This level of immersion fosters a deeper understanding of the subject matter, promotes 
collaboration, and enhances problem-solving skills (Barab et al., 2007; Squire & Klopfer, 2007; Yien 
et al., 2011). 

The literature has extensively explored the potential of digital games to enhance students' 
learning experiences, especially in scientific knowledge, scientific processes, and problem-solving 
(Anderson & Barnett, 2011; Annetta et al., 2009). Barab and Dede (2007) highlighted that digital 
games can be used as immersive participatory simulations for science education, providing a 
practical application of theoretical knowledge. In addition, Carr and Bossomaier (2011) conducted 
a study on physics learning through a computer game, which demonstrated the pedagogical 
potential of such platforms. While digital games offer immersive experiences, board games present 
a unique opportunity for face-to-face dialogue and communication. Fjællingsdal and Klöckner's 
(2020) explores the potential of board games in fostering environmental awareness. Board games 
such as "Global Warming" by Bucak (2011) and "The Celsius Game" (Carreira et al., 2017) are 
designed to simulate real-world challenges related to climate change, offering players a tangible 
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understanding of complex issues. These games not only educate but also facilitate discussions on 
sustainability, climate change, and the broader implications of human actions on the environment. 
In conclusion, both digital and board games have the potential to enhance learning and promote 
critical thinking by connecting theoretical knowledge with real-world applications.  

2.2. Teaching with Analogy 

Analogies are powerful pedagogical tools that can be used to explain complex scientific concepts 
by draw relationships between familiar concepts and novel scientific phenomena (Jaeger et al., 
2016; Treagust et al., 1992). In classrooms, teachers often use analogies to explain scientific 

concepts. For instance, they might compare arteries or veins to hoses or tubes, describe the eye's 
function similar to a camera, and categorize plants, animals, and microorganisms as one would 
organize different sections in a supermarket, such as fresh produce, canned items, stationery, and 
cleaning products (Harrison & Coll, 2008). Analogies serve as bridges between the known and the 
unknown, helping students to grasp intricate or abstract ideas by relating them to something they 
already understand (Glynn & Takahashi, 1998). When analogies are presented in scientific texts or 
instructional materials, they can significantly enhance comprehension of difficult concepts by 
providing a shared terminology and framework, making abstract concepts concrete, and aiding in 
memory retention (Halpern et al., 1990). Moreover, the use of analogies often involves 
visualization, which is crucial for understanding certain scientific concepts, especially those that 
are abstract or hard to imagine. Analogies can enhance students' spatial skills, allowing them to 
construct mental representations and better understand scientific processes or systems (Jaeger et 
al., 2016). 

However, students might fail to recognize how analogies represent scientific concepts. 
Frequently, students may interact with instructional tools such as diagrams or models without 
realizing how these tools accurately reflect the underlying scientific phenomena they aim to 
represent (Gobert & Buckley, 2000; Lehrer & Schauble, 2005; Vosniadou & Brewer, 1992). It is 
important to note that analogies possess certain limitations regarding their ability to precisely 
represent reality, which may not be fully comprehended by some students (Cvenic et al., 2021). 
Moreover, analogies can hinder learning by adding to the cognitive load of the task when the 
analogy is more complex or less understandable than the science concept being taught (Dagher, 
1995). Therefore, systematic guidance is needed during analogy teaching (Niebert et al., 2012)  

Various systematic approaches have been suggested on how analogy can enhance the 
understanding of science. One approach involves using bridging analogies, which connect familiar 
concepts to new scientific ideas. For these analogies to benefit learners, the teacher might need to 
provide clear guidance and instruction (Brown & Clement, 1989; Clement, 1988). Another 
framework was Teaching With Analogies Model which offered a clear sequence of steps to 
maximize the effective use of an analogy, including 1) introducing the target concept, 2) recalling 
the analog concept, 3) identifying similar features of concepts between the target and analog 4) 
mapping similar features 5) indicating where the analogy breaks down 6) drawing conclusions 
about concepts (Harrison & Treagust, 1993). Lastly, the FAR guide divided the analogy process 
into three stages: Focus (preparation before class), Action (activities during class), and Reflection 
(review after class). The Focus phase emphasizes pre-class planning to ensure effective analogy 
use, while the Action phase involves identifying the similarity between the subject and analogy 
and recognizing where the analogy breaks down, and the Reflection phase considers the clarity 
and usefulness of the analogy (Harrison & Coll, 2008; Treagust et al., 1992; Venville, 2008). All the 
mentioned approaches emphasized the importance of explicitly comparing the similarities and 
differences between scientific concepts and their analogues. Therefore, when designing learning 
experiences using games that employ analogies, it would be crucial to prioritize such comparisons 
after the gameplay. 
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3. Conceptual Framework 

This research is based on the theory of game-based learning, which emphasizes the use of games to 
facilitate the learning process towards learning objectives (Plass et al., 2015). The game mechanics 
are designed using the principle of analogy teaching (Harrison & Coll, 2008). That is, components 
in the game mechanics such as player roles, rules, explicit goals, and basic moves serve as analogs, 
which are familiar and tangible to students. The abstract scientific concepts are bioaccumulation 
and biomagnification, which are the target concepts for learning. Analogy mapping is a crucial 
part where students connect ideas from the analog to the target. An additional aspect beyond 
gameplay is the explicit analogy comparison, where students must compare similarities and 
differences between the analog and the target and conclude the knowledge themselves (Harrison 
& Treagust, 1993). The learning objectives are the student's conception of bioaccumulation and 
biomagnification and the student's enjoyment of gameplay. Moreover, this research also examines 
the relationship between the students' conceptions after playing the game and their enjoyment. 
Figure 1 shows the conceptual framework of this study. 

Figure 1 
Conceptual framework of the study 

 
4. Method 

4.1. Research Design 

This study utilized an embedded mixed methods design where both quantitative and qualitative 
data were collected and analyzed within a traditional quantitative design. This method has been 
used to evaluate the effectiveness of pedagogy or instruction in many studies. For instance, Aydın 
and Çakır (2022) conducted a study using an embedded experimental mixed methods design to 
examine the impact of game-based learning on language acquisition. Similarly, Ziegler (2014) 
utilized an embedded experimental mixed methods design and qualitative data to understand the 
perceptions of students and teachers regarding The European Language Portfolio [ELP]. In this 
study, the primary research question was whether game-based learning, with explicit analogy 
comparison, can aid students in developing the concepts of biomagnification and bioaccumulation. 
The study also explored the level of enjoyment students experienced during the game and whether 
this was related to their understanding of scientific concepts. Therefore, the primary approach was 
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a quasi-control group experimental design, involving a control group and an experimental group. 
The control group, Game-based Learning [GL] group, engaged in learning using a board game, 
followed by reflective discussions of the concepts of bioaccumulation and biomagnification. 
Meanwhile, the experimental group, Game-based Learning with eXplicit analogy discussion [GLX] 
group, also used the board game for learning but followed this with a task where students 
identified similarities and differences between the gameplay and the scientific concepts of 
bioaccumulation and biomagnification, explicitly articulating these through a worksheet provided 
before they also involved in the discussion part. The secondary research question was why did 
game-based learning help students learn abstract concepts such as bioaccumulation and 
biomagnification? To answer this question, students’ reflective writings were collected as 
qualitative data and analyzed using thematic analysis to describe and explain why game-based 
learning helps students to learn. The methodology framework is illustrated in Figure 2. 

Figure 2   
An Embedded Experimental Design Framework 

 

4.2. Participants 

The participants in this research were 54 undergraduate students from non-science disciplines. 
They enrolled in a course with the researcher across two sections, leading to the formation of two 
research groups based on the sections they registered for. Group 1, serving as the control group, 
consisted of 30 students, while Group 2, the experimental group, had 24 students. Both groups had 
similar prior learning experiences, being in the same program and familiar with reflective writing, 
a tool frequently utilized in several courses within their program. Previous studies have examined 
the impact of game-based learning in university classrooms. For instance, Hartt et al. (2020) found 
that the use of games affects university students' learning. 

4.3. Intervention 

4.3.1. The TOXIC CHAIN board game 

According to a study by Wichaidit and Sumida (2023), the board game TOXIC CHAIN was 
designed with the specific educational goal of improving middle school student's understanding 
of bioaccumulation and biomagnification. The rules and appearance of the board game can be 
found in their article. Our study, however, focused on the game mechanics that demonstrated an 
analogy how pesticides could be transferred from one organism to another through the food chain. 
Furthermore, the analogy showed how top predators in food chains accumulate more toxic 
substances than other organisms. Table 1 presents the analogy features of the board game. 
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4.3.2. Explicit analogy comparison worksheet 

The Explicit Analogy Comparison Worksheet was created to help students compare the 
similarities and differences between features in the board game and the scientific concepts of 
bioaccumulation and biomagnification. The first part provides content descriptions, while the 
second part poses questions for students to compare game elements and mechanisms with 
scientific concepts. The experimental group of students completed this worksheet before engaging 
in a summary discussion and taking a post-test. In contrast, the control group did not work on this 
worksheet and only participated in the classroom discussion.  

4.4. Instruments 

4.4.1. Concept cartoon 

The Concept Cartoon, designed by Wichaidit and Sumida (2023), was utilized to assess the 
students’ conception of bioaccumulation and biomagnification. This tool presented the thoughts of 
cartoon characters, and the students indicated whether they agreed or disagreed and provided the 
reason (Keogh & Naylor, 1999). This study also implemented the interpretation framework from 
Wichaidit and Sumida (2023) to analyze student’s responses. The student's answers to the concept 
cartoon would show a range of understanding, from a limited conception of bioaccumulation to an 
accurate conception of bioaccumulation and biomagnification. Table 2 displays the rating scales 
used to evaluate students' conceptions.  

Table 2  
Rating scales for evaluating student’s conception 
Level of conceptions Score Student’s response 

Limited conception of bioaccumulation 1 Toxic substances can only be obtained by 
individuals who consume rice from the field 

Partially accurate conception of 
bioaccumulation without 
biomagnification 

2 Toxic substances can be obtained through 
contamination of air, water, and soil 

Partially accurate conception of 
bioaccumulation with 
biomagnification 

3 Toxic substances can be obtained through 
contamination of air, water, and soil 

Accurate conception of 
bioaccumulation with 
biomagnification 

4 Toxic substances can be obtained from eating 
contaminated animals through food chain and 
organisms higher up in the food chain are more 
likely to have higher levels of toxic substances 
than those lower in the food chain. 

 
If students did not incorporate ideas related to biomagnification in their answers, they would 

receive a score between 1 and 2. Alternatively, answers that included these concepts would receive 
a score between 3 and 4. The validity of the assessment was verified by a scientist, a science 
educator, and a science teacher who reviewed the concept cartoon (Wichaidit & Sumida, 2023). To 
ensure the assessment's reliability, it was administered to 10 students who were not part of the 
study group. Two people rated their answers, and the agreement between these raters was 
analyzed, resulting in a reliability score of 80%, showing its accepted reliability for this study. 

4.4.2. Student enjoyment of gameplay 

In this study, we adapted the learner enjoyment scale from Fu et al. (2009) to evaluate the 
emotional experience of gameplay and to investigate the correlation between enjoyment levels and 
students' conceptions after gameplay. The original scale had 56 Likert-type items, where 1 
represented the least agreement, and 7 indicated the most agreement with each statement. The 
adapted scale comprises four dimensions: concentration, immersion, social interaction, and 
knowledge improvement. We selected a total of 12 statements that align with the gameplay in this 
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research.  Examples of the statements are: “Generally speaking, I can remain concentrated in the 
game,” “I forget about time passing while playing the game,” “I feel cooperative toward other 
classmates,” and “The game increases my knowledge.” To ensure the reliability of the scale, 
Cronbach’s alpha coefficient was calculated, and the result was .76 (N=54). 

5. Results 

This study aimed to achieve four objectives. Firstly, it intended to examine the effectiveness of 
analogy game-based learning in enhancing students' conceptions of bioaccumulation and 
biomagnification and how those conceptions changed after learning with game-based learning. 
Secondly, it sought to investigate the impact of explicit analogy comparison activity on students' 
conception post-gameplay. Thirdly, it aimed to evaluate the level of enjoyment students 
experienced during the game and its potential correlation with their understanding of scientific 
concepts. Lastly, it aimed to analyze students' reflective writings to determine the reasons why 
game-based learning might aid in understanding abstract concepts. The details of these analyses 
are as follows. 

5.1. The Effectiveness of Analogy Game-based Learning on Students’ Conceptions of 
Bioaccumulation and Biomagnification 

In both groups, students who learned through game-based learning expanded their knowledge 
and enhanced their understanding of bioaccumulation and biomagnification. Following the 
implementation of game-based learning, the results indicated a significant shift in students' 
conceptions from limited or partial concepts towards a more scientifically accurate comprehension. 
Figure 6 displays how students’ conceptions changed after game-based learning. 

Figure 6 
Percentage of students’ conceptions before and after game-based learning: a Game-based Learning group, b 
Game-based Learning with eXplicit analogy discussion group 

  
In the GL group, as illustrated in Figure 6a, there was a decline in students possessing a limited 

concept of bioaccumulation from 53% to 10%. Similarly, students with a partially accurate concept 
without biomagnification dropped from 47% to 13%. Notably, there was a substantial rise in 
students with partially accurate concepts of bioaccumulation and biomagnification, increasing 
from 0% to 77%. In the GLX group, as shown in Figure 6b, students with a limited conception of 
bioaccumulation decreased from 67% to 8%. Those with a partially accurate concept without 
biomagnification reduced from 33% to 13%. Remarkably, students with partially accurate concepts 
of bioaccumulation and biomagnification increased from 0% to 29%, and those with an accurate 
concept of both surged from 0% to 50%.  

Furthermore, the effectiveness of game-based learning on student understanding was 
examined. A paired-sample t-test was employed for both groups to analyze the difference between 
student’s scores. Cohen-d was calculated as an effect size measure (see Table 1). 
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Table 1 
Descriptive and Inferential Statistics for Pre-test and Post-test Scores 
 N Mean Median SD SE t df p Effect size 

GL    Group  Pre-test 30 1.47 1.00 0.507 0.0926 8.64** 29 <.001 1.58 
                       Post-test 30 2.67 3.00 0.661 0.1207 
GLX Group  Pre-test 24 1.33 1.00 0.482 0.0983 9.70** 23 <.001 1.98 
                       Post-test 24 3.21 3.50 0.977 0.1994 
 

The study observed a significant increase in the mean score for both the GL and GLX groups 
from pre-test to post-test. For the GL group, the mean score increased from 1.47 (SD = 0.507) to 
2.67 (SD = 0.661), while the median score increased from 1.00 to 3.00. The Student's t-test showed a 
highly significant difference with a t-value of 8.64, df = 29, and 𝑝 <.001, indicating a large effect 
size of 1.58. Similarly, the GLX group exhibited a significant improvement in student’s conception 
with an increase in the mean score from 1.33 (SD = 0.482) to 3.21 (SD = 0.977), and the median 
score rose from 1.00 to 3.50. The t-test showed a significant difference between two groups with a 
t-value of 9.70, df = 23, and 𝑝 <.001, and a considerable effect size of 1.98. The results highlight the 
positive impact of game-based learning, with both groups showing a significant increase in scores 
from pre-test to post-test. The GLX group had a higher effect size than the GL group. 

5.2. The Impact of the Explicit Analogy Discussion on Students’ Learning 

The students in the GLX group worked on the Explicit Analogy Comparison Worksheet and had a 
discussion comparing the similarities and the differences between a game mechanic and the 
process of bioaccumulation and biomagnification after playing the game, while those in the GL 
group were provided scientific explanations of bioaccumulation and biomagnification after 
playing the game. To investigate the effectiveness of the explicit analogy discussion on students' 
scores, the scores of both groups were compared using an independent sample t-test. The pre-test 
scores were compared to ensure that the prior knowledge of both groups was not different. 
Meanwhile, the post-test scores were compared to test the hypothesis that learners who studied 
with game-based learning that includes an explicit analogy discussion have higher scores than 
those who learned through only explaining scientific concepts after playing the game. The results 
are presented in Table 2. 

Table 2 
Comparing between GL and GLX group score 
 N Mean Median SD SE t df p Effect size 

GL    Group  Pre-test 30 1.47 1.00 0.507 0.0926 
0.981 52 .331 0.269 

GLX Group  Pre-test 24 1.33 1.00 0.482 0.0983 
GL    Group  Post-test 30 2.67 3.00 0.661 0.1207 

2.42* 52 .019 0.664 
GLX Group  Post-test 24 3.21 3.50 0.977 0.1994 
 

The data indicated that the pre-test scores of the GL and GLX groups were not significantly 
different, suggesting that both groups had similar prior knowledge (t =0.981, 𝑝 = .331). However, 
there was a significant difference between the post-test scores of the two groups at a .05 level of 
significance (t =2.42, 𝑝 = .019), indicating that students in the GLX group performed better than 
those in the GL group. Cohen's d value of 0.664 also suggests a medium to large effect size, 
indicating that the observed differences between the groups are both statistically and practically 
significant (d = 0.5 for medium and d = 0.8 for large effect size). These findings suggest that the 
explicit analogy discussion positively impacted students' understanding of bioaccumulation and 
biomagnification. 
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5.3. The Level of Student’s Enjoyment and Its Correlation with Student’s Conceptions 

After the game-based learning activity, students responded to the learner enjoyment scale. This 
scale consists of four dimensions, namely concentration, immersion, social interaction, and 
knowledge improvement. The results are presented in Table 3.  

Table 3  
The level of student’s enjoyment  

Game factors 
GL group 
Mean(SD) 

GLX group 
Mean(SD) 

Concentration 6.23(0.77) 6.22(0.58) 
Immersion 6.37(0.71) 6.31(0.74) 
Social interaction 6.43(0.55) 6.18(0.99) 
Knowledge improvement 5.48(0.95) 5.78(0.88) 
Overall enjoyment 6.13(0.58) 6.12(0.50) 

 
Both groups had positive experiences with game-based learning. The GL group achieved an 

impressive mean score of 6.13 (SD = 0.58), while the GLX group reported a mean score of 6.12  
(SD = 0.50), indicating exceptionally high levels of enjoyment for both groups. Furthermore, both 
groups showed nearly identical mean scores across all game factors and maintained remarkable 
levels of concentration, immersion, and social interaction. Despite a slight decrease in knowledge 
improvement, all game factors consistently indicated a high level of enjoyment throughout the 
game. 

Table 4 presents the correlation between student enjoyment scores in each dimension and the 
post-test scores of both student groups. 

Table 4 
Correlation of student’s enjoyment and student’s conception 

 
1 2 3 4 5 6 

Post-test r - 
    

 

p - 
    

 
Concentration r −0.083 - 

   
 

p 0.553 - 
   

 
Immersion r −0.326* 0.329* - 

  
 

p 0.016 0.015 - 
  

 
Social interaction r −0.153 0.392* 0.278* - 

 
 

p 0.269 0.003 0.042 - 
 

 
Knowledge improvement r 0.001 0.286* 0.339* 0.235 -  

p 0.995 0.036 0.012 0.088 -  
Enjoyment r −0.191 0.691 0.685 0.679 0.717 - 

p 0.167 < .001 < .001 < .001 < .001 - 
Note. 1: Post-test; 2: Concentration; 3: Immersion; 4: Social interaction; 5: Knowledge improvement; 6: Enjoyment;  
r: Pearson's r; *𝑝 <.05. 

 

There was no statistically significant relationship between students' enjoyment of game-playing 
and post-test scores (𝑝 >.05). Surprisingly, a slight negative correlation was observed between the 
immersion component and post-test scores (r = −.326, 𝑝 =.016). Additionally, there were slight 
positive correlations between the immersion component and concentration (r = .392, 𝑝 =.015), 
immersion and social interaction (r = .278, 𝑝 =.042), immersion and knowledge improvement  
(r = .286, 𝑝 =.036), concentration and social interaction (r = .392, 𝑝 =.003), and concentration and 
knowledge improvement (r = .286, 𝑝 =.036). These findings suggested that the level of immersion 
in the game tended to correlate with attention to the game, interactions with the group, and the 
learning perception among students. Nonetheless, the observed negative relationship between 
immersion and post-test scores and the lack of a relationship between overall enjoyment and post-
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test scores made it inconclusive whether immersion and enjoyment in playing the game 
contributed to students' learning of bioaccumulation and biomagnification. 

5.4. The Students’ Perceptions of Gameplay in terms of Its Effect on Learning Bioaccumulation 
and Biomagnification 

Student reflective writings after game-based learning were coded and collated into potential 
themes using ATLAS .ti Software. Coding of students' responses yielded several emergent themes. 
The percentage that these themes were mentioned was presented in Table 4. As Braun and Clarke 
(2006) suggested, "the keyness of theme is not necessarily dependent on quantifiable measure but rather on 
whether it captures something important in relation to the overall research question.", four themes were 
defined in which they captured the reasons why game-based learning helped students understand 
scientific concepts. These themes included the visualization of abstract concepts, the discussion 
and explanation after the gameplay, role-playing of the process of toxin transmission in the 
ecosystem, and tangible and touchable properties of the game.  

Table 5  
Summary of key themes identified and the percentage of students who reported each theme 

Key themes f 

1. The visualization of abstract concepts 23% 
2. The discussion and explanation after the gameplay 19% 
3. Role-playing of the process of toxin transmission in the ecosystem 10% 
4. Tangible and touchable properties of the game 10% 

 
5.4.1. The visualization of abstract concepts 

Many students responded that the game helped them understand the concepts of biomagni-
fication and bioaccumulation because it allowed them to “visualize,” “imagine,” or “see in a 
tangible form” what the process of toxin transmission in the ecosystem is like. One student 
mentioned the transfer of beads as a means of visualizing the transfer of toxins from one organism 
to another. 

It helps to understand because it showed a food chain sequence. This allows me to visually see how 
the direct intake or accumulation of toxins occurs, or how it happens through ongoing intake. 

This game has beads to help see how much toxins are received from another living thing. 

 This boardgame demonstrates how toxins accumulate in a food chain. In the game, 
planthoppers eat rice, mantises eat planthoppers, and a frog eat both planthoppers and mantises. 
Each time an organism eats another, plastic beads representing toxins are transferred. As the beads 
accumulate in the mantises and the frog, students can “see” this accumulation in the plastic 
containers that represent these organisms. Therefore, it can be said that the game and its mechanics 
make abstract scientific concepts more concrete to the students. 

5.4.2. The discussion and explanation after the gameplay 

The responses from several students indicated an enhanced understanding following discussions 
and explanations. This comprehension is attributed to mentioned activities, including the 
“explanation of the game”, “post-game discussions”, and “reading a worksheet”. 

If we talk about the game alone, it might not be very understandable. But when accompanied by 
discussion and explanations, it becomes more understandable according to scientific theory. 

Following the gameplay, there was a discussion and explanation activity. The researcher in the 
GL group acted as a teacher who explained the concepts of bioaccumulation and biomagnification, 
comparing with the game's findings. Students exchanged ideas and asked questions both within 
the group and with the teacher. Alternatively, in the GLX group, the students independently read 
worksheets and explicitly compared the similarities and differences between the game and 
scientific concepts of bioaccumulation and biomagnification. Then, they shared their comparisons 
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to other peers in the discussion part. This result suggested that explanations and discussions 
following gameplay contribute to the student's learning of scientific concepts. 

5.4.3. Role-playing of the process of toxin transmission in the ecosystem 

The participating students mentioned that the "role-playing" facilitated a better understanding of 
the mechanism of toxin accumulation in the food chain. The “player's role”, which aligns with 
organisms in the food chain, allows for a grasp of the sequence of consumption. As one student 
remarked, 

It becomes clearer because the player's role aligns with the sequence of consumption and the transfer 
of toxins in the food chain. 

When playing a game, students aim to eat as much food as possible while avoiding predators. 
This behaviour can lead to the accumulation of toxins in their bodies over time. From the result 
above, the students can better understand how organisms interact with each other by assuming the 
role of an organism in an ecosystem. This is especially clear when it comes to the transfer of toxins 
through the food chain as different organisms consume each other. 

5.4.4. Tangible and touchable properties of the game 

The students described the board game as “tactile” and “tangible” and appreciated the ability to 
“physically interact” with the objects in the game. These features helped them gain a deeper 
understanding of how toxins are transmitted in an ecosystem, according to a student statement;  

During the game playing, we get to see mechanisms that are tangible from scientific principles. Once 
it is tangible, we can play and use strategies, which makes us want to know more. 

The students used small plastic containers that could be held in their hands to represent 
individual organisms. They moved these pieces around a board and collected beads as score points 
whenever the organisms consumed food. The result showed that this hands-on approach helped 
the students understand abstract scientific concepts better, and they enjoyed playing with the 
tangible tools. 

6. Discussion and Conclusion 

From the results of this study, after participating in game-based learning, students' conception 
scores for bioaccumulation and biomagnification are significantly higher than before in both GL 
and GLX groups. The students changed their conceptions from limited or partial concepts to more 
scientifically accurate conceptions. However, the students participating in an explicit analogy 
comparison activity, GLX group, had higher post-test scores than those in the GL group. The 
enjoyment students experience during the game was at a high level, but it had no correlation with 
student’s post-test scores. Interestingly, a slight negative correlation was observed between the 
immersion component and post-test scores.  Finally, the reasons why game-based learning helped 
students develop scientific concepts included the visualization of abstract concepts, the discussion 
and explanation after the gameplay, role-playing of the process of toxin transmission in the 
ecosystem, and tangible and touchable properties of the game. The results of this study provide 
valuable insights into the impact of game-based approaches on science education and the 
importance of designing game mechanics and learning processes for educational games, as 
follows: 

The design of game mechanics that facilitate role-playing, visualization and tangibility 
contributes to the promotion of abstract scientific concept learning 

The positive feedback on role-playing and visualization highlights its potential as an effective 
pedagogical tool. By "stepping into the shoes" of organisms in the food chain, students could 
intuitively grasp the sequence of consumption and the transfer of toxins. This experiential form of 
learning, where students actively participate in the process, can lead to deeper understanding. 
Certain research found the benefits of role-playing in understanding complex concepts such as 
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economics and ethics (Alden, 1999; Kraus, 2008). Van Ments (1999) argued that role-playing allows 
students to experience and understand concepts from a first-person perspective, leading to better 
retention and understanding. Shaffer (2006) asserted that computer games using role-playing as a 
central mechanic have great educational potential. It allows students to "think in action" and leads 
to deeper understanding. Crookall (2010) suggested that reflecting on the role-play experience is 
crucial for enhancing learning and bridging the gap between the simulated experience and real-
world concepts. Moreover, many researchers agree with the advantages of visualization and 
tangibility features of the game mechanics in supporting science learning (Fjællingsdal & Klöckner, 
2020; Kim & Jin, 2022; Price et al., 2003; Woodbury et al., 2001). Geelan et al. (2014) also suggested 
that to obtain effectiveness in promoting conceptual development, it is necessary to thoughtfully 
design visualization and consider associated educational methods. 

The design of post-game learning processes is a crucial procedure that significantly enhances the 
learning experiences of learners, particularly when games incorporate explicit analogy 
comparisons. 

The research findings suggested the importance of discussions and explanations following 
gameplay. Students reported a clearer understanding of bioaccumulation and biomagnification 
when gameplay was accompanied by structured discussions. This aligns with educational theories 
that emphasize the role of reflection and discussion in learning. John Dewey highlighted the 
importance of reflection in the learning process. He argued that reflection transforms experiences 
into genuine learning (Dewey, 1933).  Kolb (1984) also suggested that reflection on experiences is 
crucial for deep learning and understanding.  In the context of game-based learning, post-
gameplay discussions can help in bridging the gap between the virtual game environment and 
real-world scientific concepts (Gee, 2003; Hmelo-Silver, 2004; Squire, 2006; Steinkuehler & Duncan, 
2008).  This study supports the importance of reflection and discussion in the learning process, 
especially in experiential and game-based learning environments. In case of science learning, the 
research conducted by Munkebye and Staberg (2023) suggested that it was crucial to have 
reflective discussion on a practical activity and science content right after the activity, rather than 
as a separate final phase. Discussions can help learners make sense of their experiences, connect 
them to prior knowledge, and apply them to real-world contexts.  

The explicit analogy discussion in the GLX group emphasized the importance of drawing 
parallels between game mechanics and scientific concepts. When used effectively, analogies can 
simplify complex ideas and make them more understandable. However, it is important to ensure 
that students recognize where the analogy holds and where it breaks down to avoid 
misconceptions. This result supports the theory about teaching with analogy that structure-
mapping is crucial and providing explicit support, such as highlighting similarities and 
differences, can enhance students' understanding. (Duit, 1991; Gentner & Markan, 1997; Harrison 
& Coll, 2008; Richland et al., 2007; Thagard & Shelley, 1997; Treagust et al. 1992; Venville, 2008).  
This study supported the value of analogies in making complex ideas more accessible and 
relatable. Similar to the recent research results in science education (Martin et al., 2019; Shana & 
Shareef, 2022), it also highlights the importance of guiding students to recognize the similarities 
and differences between analogy and scientific concepts.  

Immersion does not directly impact learning; moreover, excessive immersion may hinder students' 
learning experiences. 

The interesting finding in this study was the inverse correlation between game immersion and 
post-test scores. Although immersion was associated with higher attention and group engagement 
levels, it did not necessarily lead to improved learning outcomes. This surprising result related to 
the study by Kuhail et al. (2022), which indicated that immersion could foster participation but 
also introduce cognitive overload. Adam et al. (2012) found that while narrative games can be 
engaging, they can sometimes distract from the core educational content. Kaplan and Kaplan 
(1989) discuss how immersion in nature can be both restorative and distracting. The balance 
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between immersion and distraction can be influenced by the individual's prior experiences and the 
context. Several research found that immersive interfaces can significantly enhance engagement 
but can also lead to cognitive overload, which may hinder learning (Dede, 2009; Mayer & Moreno, 
2003).  Moreover, VanLehn et al. (2003) suggested that the nature of the task and the guidance 
provided played a crucial role. Too much immersion can introduce distractions, especially if not 
directly related to the learning objectives. Future studies might explore the balance between 
immersion and distraction, potentially identifying optimal levels of immersion for educational 
games. 

Games have the potential to generate positive emotional experiences for learners, although this 
does not directly correlate with learning outcomes. 

The results of this study found that student's level of enjoyment in playing the game was high. 
However, there was no correlation between the level of enjoyment and the post-test scores. 
Therefore, this study could not provide evidence that positive emotional experience in gameplay 
was related to better learning outcomes. Studies on this topic have produced inconsistent results. 
Several educational research suggested that positive emotions, such as enjoyment, could increase 
motivation and improve learning outcomes (Csikszentmihalyi, 1990; Linnenbrink & Pintrich, 2004; 
Pekrun et al., 2002; Shernoff et al., 2003; Zhao & Wang, 2023). Furthermore, game-based learning 
research indicated that games promoting flow and enjoyment could lead to enhanced engagement 
and educational outcomes (Hamari et al., 2016; Kiili, 2005; Rachmatullah, 2021; Ryan et al., 2006). 
Numerous studies have suggested that the presence of positive emotions can have a beneficial 
impact on the process of learning. Nevertheless, there are opposing arguments that must be 
considered. Boekaerts (2007) discussed the intricate relationship between emotions and learning in 
the classroom. While positive emotions, such as enjoyment, can be beneficial, it is important to 
note that other emotions, like curiosity or even frustration, can also influence the learning process. 
D'Mello and Graesser (2012) also suggested that confusion, which is not typically associated with 
enjoyment, can sometimes be beneficial for learning, especially when followed by moments of 
insight. Plass et al. (2014) emphasized that certain game elements could induce positive emotions. 
However, not all positive emotions necessarily lead to better learning outcomes. The result of this 
study suggested that enjoyment and positive emotional experiences did not always lead to better 
learning outcomes. It is important to consider the broader context, instructional methods, and the 
interplay of various emotions in the learning process. 

7. Recommendation 

Analogy Game-based learning offers a promising approach for teaching complex and abstract 
scientific concepts. However, as our study suggested, the design of the game mechanic and 
learning process, the level of immersion, and post-gameplay activities played a crucial role in 
determining its effectiveness. Future research might focus on optimizing these factors to harness 
the full potential of Analogy game-based learning. 
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