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ABSTRACT

Studying maternal effect can be challenging for undergraduate biology students. Game-based learning, such as
educational card games, offers a potential solution to enhance understanding of the complex concept. This
study aims to develop and evaluate the MamaXGenius card game to aid in teaching maternal effect, a subtopic
in genetics. The development phase employed the analyze, design, develop, implement, and evaluate (ADDIE)
model and involved 170 biology students from semesters 3 to 7 at Sultan Idris Education University (UPSI).
The study utilized a usability questionnaire for the MamaXGenius card game, administered via survey forms.
A quantitative approach was used to analyze the data, employing descriptive statistics to calculate mean
values, frequency percentages, and standard deviations. Results revealed mean scores of 3.73 (6=0.480) for
content, 3.74 (6=0.468) for usability and playability, and 3.78 (c=0.439) for satisfaction, indicating positive
perceptions among respondents. The MamaXGenius card game was found to be interesting, usable, and
playable, and it received high satisfaction scores from biology students. Thus, novel educational methods for
teaching maternal effect should be developed, with educational card games being a viable and cost-effective
approach.
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INTRODUCTION

Understanding genetics is fundamental for biology students, as it provides the basis for many areas of
biological science. However, research indicates that genetics is often perceived as a difficult subject to learn
(Duncan et al., 2009; Osman et al., 2016). Students frequently struggle with complex concepts, and educators
face challenges in effectively teaching topics such as molecular genetics and genomics (Banet & Ayuso, 2000).
Furthermore, the specialized and unfamiliar terminology in genetics often leads to misunderstandings and
misconceptions that deviate from accepted theoretical frameworks (Machova & Ehler, 2021; Oja, 2024). The
extensive use of domain-specific vocabulary, including terms like DNA polymerase, homozygous,
codominance, non-Mendelian inheritance, extranuclear inheritance, and maternal effect, adds to the difficulty.
Although considerable research has focused on students' perceptions of genetics (Adelana et al., 2024; French
et al., 2022; Barry et al., 2022; Kim & Castelli, 2021), there remains a significant gap in studies that provide
effective strategies to help students overcome these complexities.

To address these challenges, educators are increasingly adopting innovative teaching methods aimed at
enhancing student comprehension and engagement. One promising approach is gamification, which integrates
game-like elements into educational environments to create more engaging learning experiences (Putz et al.
2020; Saari, 2023; Kapp, 2012). In recent years, educational games have been used to complement traditional
teaching methods, increasing student interest and fostering active learning. Examples of gamification in the
classroom include awarding points for positive behavior or assignment completion and conducting
competition-based quizzes during lectures, making learning more interactive and enjoyable (Landers et al.,
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2018; Wen et al., 2018, Rapp, 2017; Cooper, 2014). Research suggests that gamification can positively affect
both cognitive and emotional outcomes, and has been found to improve problem-solving and spatial skills
(Granic et al., 2014; Green & Bavelier, 2012; Li & Tsai, 2013, Li & Tsai, 2013). Although the use of games to
promote active learning is not new, there are relatively few studies on games specifically designed to enhance
learning and develop competencies in genetics. Previous efforts to gamify genetics education have focused on
areas such as plant genotyping, cancer biology, and molecular genetics, including gene expression, over-
expression, under-expression, and mutations (Flute et al., 2019; Nosek et al, 2007; Low & Ellefson, 2024;
Seow & Wen, 2024). While these initiatives are commendable, they do not specifically address foundational
concepts in non-Mendelian genetics, such as the maternal effect.

At Sultan Idris Education University (UPSI), the genetics curriculum includes the topic of maternal effect,
which explains how traits in offspring are influenced by the mother's genotype rather than the offspring's own
genotype (Bernardo, 1996; Schwabl & Groothuis, 2010). Preliminary surveys suggest that students often find
this concept difficult to understand and remember due to its abstract nature and complex terminology
(unpublished data). In response to these challenges, we developed MamaXGenius, an educational card game
designed to teach undergraduate students the concept of maternal effect. The game was created with several
objectives in mind: a) to serve as a practical exercise that enables students to integrate knowledge; b) to
introduce essential terminologies related to maternal effect through a follow-up activity after the lecture; and c)
to facilitate face-to-face communication between students, encouraging discussion and questioning. While
previous studies have explored the impact of gamification and educational games on student engagement and
learning in various scientific disciplines, few have specifically examined their influence on understanding
complex genetic concepts. Most existing research has focused on general genetics education without
addressing the specific challenges posed by abstract topics such as maternal effect. Our study seeks to bridge
this gap by evaluating student perceptions of using the MamaXGenius card game to learn about maternal effect
and its impact on student learning satisfaction. We hypothesize that students will demonstrate a positive
improvement in understanding after completing the card game.

METHOD

Research design

This study employs developmental design to create MamaXGenius, a card game aimed at enhancing biology
students' understanding of maternal effect. The study proceeded in two main phases: the development of the
educational tool and the evaluation of students' perceptions towards the tool. The ADDIE model was used as
instructional model. Consequently, this research explored students’ perception on content, usability,
playability, and overall satisfaction after using this card game for learning.

Development of MamaXGenius

The development of the MamaXGenius card game followed a structured process, starting with the
conceptualization phase, where the need for a tool to address the abstract and challenging concept of maternal
effect in genetics was identified. The game mechanics were carefully selected, with a card-based format
chosen to promote active learning and engagement through interactive question-and-answer gameplay. The
game features a total of 73 cards, including 20 question cards and 53 answer cards. The question cards display
multiple pairs of snail shells with dextral and sinistral coiling patterns, along with their respective genotypes,
while the answer cards illustrate the offspring's coiling and genotypes. In the content development stage, key
genetic concepts such as non-Mendelian inheritance and maternal effect were incorporated to ensure alignment
with the curriculum (Figure 1).
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Figure 1. Features of MamaXGenius educational tool for learning maternal effects in genetics

Design elements were informed by the multimedia learning theory, which emphasizes the integration of both
visual and textual information to reduce cognitive load and improve retention. The card interface, with its
vibrant colors of green, blue, and yellow, combined with diagrams of snail shell coiling patterns, was
specifically designed to enhance learning by presenting complementary graphics and text. This approach
ensures that students can better grasp the genetic concepts by storing information in long-term memory
through a balance of visual aids and textual explanations. Cognitive theory further informed the game’s design
by encouraging students to actively engage with the material. As students interact with the game, they apply
prior knowledge of maternal effect, either assimilating new information or accommodating it to reinforce their

Page 5167

www.rsisinternational.org


http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (1JRISS)
ISSN No. 2454-6186 | DOI: 10.47772/1JRISS | Volume IX Issue | January 2025

e $
; $
4 RSIS ~

understanding of the topic. This development process, guided by both multimedia learning and cognitive
theories, ensured that the game effectively enhances student learning and engagement.

Development of MamaXGenius

The study population consisted of biology students enrolled at UPSI, Perak. A sample of 170 students
majoring in Bachelor of Education (BEd) Biology from semesters three to seven was selected, as these
students had completed the genetics course in semester 2. First and second-semester students were excluded
from the study. For the pilot study, 35 semester seven biology students were chosen and excluded from the
main study. A simple random sampling technique was used to represent the entire population. Informed
consent was obtained from all participants.

Research Instruments

The study used two types of research instruments, namely expert validation forms and usability questionnaires.
Two experts from the Department of Biology were used to examine the face and content validity of the
MamaXGenius and the questionnaire, respectively. The evaluation of the MamaXGenius card game included a
comprehensive assessment of several criteria through specific items adopted from Gutierrez (2014) using a
four-point Likert scale. For content, the items evaluated included the appropriateness of game content to
learning outcomes, the ability of the game to help students connect with learned material, the effectiveness of
graphics in distinguishing dextral and sinistral coiling, the readability and simplicity of the text, and the
appropriateness of the gameplay difficulty level. In terms of usability and playability, the evaluation focused
on the flexibility of using the game, ease of use, the game’s ability to improve understanding, usability of the
game manual, sturdiness of the cards, ease of maintaining the overall design, clarity and documentation of the
game rules, encouragement of engagement and interaction, and the visual appeal of the game's colors and
icons. For satisfaction, the criteria included overall satisfaction with the game, likelihood of recommending the
game to peers, the fun factor of using the game, whether the game functioned as intended, and the overall
pleasantness of the game experience.

Data analysis

The data collected from the questionnaire were subjected to quantitative analysis to ensure a rigorous
evaluation of the educational card game. Validity was assessed using the Content Validity Index (CV1) through
expert evaluation, ensuring that the questionnaire accurately measured the constructs it was intended to assess.
Reliability of the data was measured with Cronbach's alpha, which evaluates the internal consistency of the
questionnaire. Descriptive statistical methods were applied to analyse the data, including calculations of
frequency, frequency percentage, mean, and standard deviation.

RESULTS AND DISCUSSION
Validity and Reliability

The validity of the face and content of MamaXGenius card game was measured using the game content
validity assessment form and analysed using CVI. For the face and content validity, the score of CV1 obtained
is 0.989, which is above the required acceptable value for two experts which is 0.80 (Yusoff, 2019).
Cronbach’s alpha value obtained in this study was 0.854, which is higher than the targeted value, 0.7, in return
could be interpreted as good (Tavakol, & Dennick, 2011; Ibafiez Usach et al., 2015). This result indicates that
the instrument was well received and is effective for measuring respondents' opinions on the practices of
learning organizations in actual studies.

Evaluation of MamaXGenius Card Game

A survey was conducted to assess students' perceptions of the game, focusing on its content, usability
andplayability, and also satisfaction. We found that respondents agreed the materials presented in
MamaXGenius helped them better understand the concept of maternal effect and effectively connected to their
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prior learning. Table 1 presents the frequency distribution of agreement for each item under the Content
construct.

Table 1. Content descriptive evaluation of MamaXGenius card game

No | Items Frequency of Agreement (%) Mean | Standard
Score | Deviation
Content SD D A SA
1. | Game content is appropriate to the learning | 1 0 46 123 3.71 |0.492

outcomes to be achieved which is to distinguish | (0.6) | (0.0) | (27.1) | (75.0)
non-Mendelian genetics according to the
Genetics Proforma.

2. | Playing games that contain contents related to | O 2 40 128 3.74 | 0.465
the topic of Maternal Effect can help me | (0.0) | (1.2) | (23.5) | (75.3)
connect what | have learned.

3. | I can distinguish dextral and sinistral coiling of | 0 3 41 126 3.72 | 0.487
shells with the help of graphics in the game | (0.0) | (1.8) | (24.1) | (74.1)
cards.

4. | The text used is easy to read, simple, and | 1 1 36 132 3.76 | 0.481
precise. (0.6) | (0.6) | (21.2) | (77.6)

5. | The difficulty level of the gameplay is |0 2 44 124 3.72 | 0.477
appropriate. (0.0) | (1.2) | (25.9) | (72.9)
Average mean and standard deviation 3.73 ]0.480

Specifically, 77.6% of participants strongly agreed that ‘The text used is easy to read, simple, and precise,
highlighting the effectiveness of the game in conveying complex genetic concepts. The content of the
MamaXGenius card game, including illustrations of dextral and sinistral shell coiling, the genotype of parents
and offspring, and key terminologies such as 'dextral’ and ‘sinistral,’ played a crucial role in enhancing
students’ comprehension. This aligns with previous studies (Franco Mariscal et al., 2012; Bell et al., 2020)
which indicate that well-designed educational card games significantly aid in learning complex scientific
topics. Our study suggests that, the illustrations and questions effectively reinforced the principle that the
offspring’s shell coiling is determined by the mother's phenotype. This interactive application of the concept
helped students solidify their understanding of the maternal effect, as evidenced by their ability to correctly
pair offspring with the mother based on shell coiling.

Table 2 presents the frequency distribution of agreement for each item in the usability and playability
construct. The usability construct assesses how user-friendly and accessible the MamaXGenius card game is,
with aspects such as ease of navigation, clarity of instructions, and overall user experience during gameplay.
Playability, on the other hand, evaluates how engaging, enjoyable, and interactive the game is, focusing on
game mechanics and entertainment value. Our findings show a high mean value of 3.74 with a low standard
deviation of 0.468 for this construct, indicating that respondents found the game both user-friendly and
enjoyable. This positive response aligns with previous research, which suggests that active learner engagement
through participation in educational activities leads to successful outcomes among students (Rield et al., 2021).
Moreover, the playability of MamaXGenius promotes healthy competition and cooperation, sharpening
students' social skills while enhancing their understanding of the topic (Gutierrez, 2014). Additionally, the
game instructions and rules are clearly presented using simple language, allowing for easy understanding. The
short rounds of gameplay keep the experience focused and contribute to higher levels of student engagement.
The game's design, with bright colors and appropriately sized text, further supports usability and playability,
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contributing to an enjoyable learning experience. As can be seen from our result, the high usability of the card
game is evidenced by students' ability to easily understand the instructions and mechanics, thus enhancing their
overall learning experience. Moreover, the game's short playtime allows for post-game debriefing, offering
students an opportunity to clarify

any misconceptions and further deepen their understanding (Cosimini & Collins, 2023). Overall, the
MamaXGenius card game demonstrates high playability, fostering both healthy competition and cooperative
learning. By engaging in small group discussions after each round, students expand their understanding of the
maternal effect, supporting cognitive development through assimilation and accommodation, as proposed by
Piaget’s theory (Piaget, 1975).

Table 2. Usability and playability descriptive evaluation of MamaXGenius card game

No | Items Frequency of Agreement (%) Mean | Standard
Score | Deviation
Usability and Playability SD D A SA
1. | I can use the card games at a flexible time. | O 3 46 121 3.69 0.499
(0.0) (1.8) | (27.1) | (71.2)
2. | The game is easy to use. 0 1 39 130 3.76 0.443
(0.0) (0.6) | (22.9) | (76.5)
3. | I can improve my understanding through | 1 0 39 130 3.75 0.472
the use of MamaXGenius. (0.6) (0.0) | (22.9) | (76.5)
4. | The game can be played using the manual. | 1 0 37 132 3.76 0.465
(0.6) (0.0) | (21.8) | (77.6)
5. | The cards are sturdy and well-made. 0 1 50 119 3.69 0.475
(0.0) (0.6) | (29.4) | (70.0)
6. | The overall box design of MamaXGenius | 0 1 43 126 3.74 0.456
is easy to keep and maintain. (0.0) (0.6) | (25.3) | (74.1)
7. | The rules of the game are easy to|1 0 39 130 3.75 0.472
understand and well-documented. (0.6) (0.0) | (22.9) | (76.5)
8. | | feel encouraged to interact and engage in | 1 0 39 130 3.76 0.443
the game through competing in a friendly | (0.6) (0.0) | (22.9) | (76.5)
manner.
9. | The visuals, colors, and icons used in |1 3 27 139 3.79 0.489

MamaXGenius are visually stimulating | (0.6) (1.8) | (15.9) | (81.8)
and relevant to the topic Maternal Effect.

Average mean and standard deviation 3.74 0.648

Table 3 presents the frequency distribution of agreement for each item under the Satisfaction construct, which
revealed highly positive feedback from students regarding the MamaXGenius card game. A majority of
respondents (71.2%) expressed overall satisfaction with the game, resulting in a mean score of 3.80 (o =
0.443). Notably, 76.5% of students indicated they would recommend the game to their peers, with a mean
score of 3.78 (o = 0.458), while the same proportion (76.5%) found the game enjoyable to use (x = 3.80, ¢ =
0.416). Additionally, 77.6% agreed that the game functioned as intended (X = 3.71, ¢ = 0.467). The
pleasantness of the game was also rated highly, with 70.0% of respondents agreeing (X = 3.81, 6 = 0.411). Our
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findings align with previous research, such as that by Gutierrez (2014), which demonstrated that educational
card games generally receive positive responses from students, with engagement positively influencing
satisfaction. This study also supports prior work highlighting the educational benefits of card games on student
learning and engagement. For example, Rajashekar and Bellad (2016) found that card games improved first-
year medical students'

understanding and retention of nerve muscle physiology, leading to better exam performance. Similarly,
Piyawattanaviroj et al. (2019) reported enhanced conceptual understanding and attitudes towards chemistry
through the use of periodic table card games. Furthermore, the interactive and competitive nature of
educational card games has been associated with higher levels of student satisfaction. Hidayat et al. (2023)
emphasized that such games make learning more engaging, while Kordaki and Gousiou (2017) noted the
positive impact on motivation and enjoyment. This is further supported by Kim et al. (2017) and Yu et al.
(2021), who demonstrated that the perceived educational value and enjoyment of games enhance student
engagement and satisfaction. These findings collectively support the positive response to the MamaXGenius
card game, showing that it fosters engagement, improves learning, and enhances student satisfaction with their
educational experience.

Table 3. Satisfaction descriptive evaluation of MamaXGenius card game

No | Items Frequency of Agreement (%) Mean Standard
Score Deviation

Satisfaction

1. | I am satisfied with MamaXGenius. 0 3 46 121 3.80 0.443
(0.0) |(2.8) | (27.1) | (71.2)

2. | I would recommend MamaXGenius to my | 0 1 39 130 3.78 0.458
friends. (0.0) | (0.6) | (22.9) | (76.5)

3. | MamaXGenius is fun to use. 1 0 39 130 3.80 0.416
(0.6) | (0.0) | (22.9) | (76.5)

4. | MamaXGenius works the way | wanted it | 1 0 37 132 3.71 0.467
to work. (0.6) | (0.0) | (21.8) | (77.6)

5. | MamaXGenius is pleasant to use. 0 1 50 119 3.81 0.411

(0.0) |(0.6) | (29.4) | (70.0)

Average mean and standard deviation 3.78 0.439

The overall results from this study shows that MamaXGenius has been positively perceived by students as a
valuable learning tool. This is consistent with the findings of Castillo et al. (2022), who noted that activities
promoting active student participation led to successful outcomes among college students. Additionally, game-
based learning methods are increasingly being used as key components in science education, as supported by
game-oriented teaching studies (Zhou et al., 2018). MamaXGenius in this study demonstrates how its engaging
design and interactive features provide a more immersive and effective learning experience compared to
traditional educational methods. For instance, the game’s interactive nature-requiring discussions and decision-
making, thus enhances learning by making the process more engaging and less monotonous. The competitive
elements of the game, such as its rules and objectives, also contribute to increased motivation among students,
a factor often lacking in conventional classroom settings. Furthermore, the use of visual elements, such as
illustrated and colourful cards, makes abstract concepts more tangible and memorable, which has been shown
to improve student engagement and learning outcomes. The social interactions fostered by the game encourage
collaboration and discussion, leading to deeper understanding and better retention of the material, as students
benefit from each other’s perspectives and knowledge.
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This study highlights the potential benefits of the MamaXGenius educational game in enhancing genetics
learning, however it also has limitations that should be addressed in future research. The primary limitation of
this study is the relatively small, demographically homogeneous participant pool, which may affect the
generalizability of the findings. To address this, future studies should involve a larger and more diverse group
of participants to better evaluate MamaXGenius. Additionally, we did not assess the effectiveness of
MamaXGenius on participants in this study, leaving the impact of the card game uncertain. Therefore, further
research is required to explore the effectiveness of MamaXGenius in enhancing the understanding of the
maternal effect, especially when compared to traditional educational methods.

CONCLUSION

Our findings demonstrate that the MamaXGenius card game is an effective tool for reviewing and mastering
the concept of maternal effect in genetics. To our knowledge, this is the first study to develop a card game
specifically for teaching this topic in genetics classes. The game is highly recommended as a supplemental
pedagogical tool due to its ability to engage students and enhance their understanding of complex genetic
topics. The result of this study reaffirms the value of integrating educational games into learning curriculums
and demonstrates the specific contributions of MamaXGenius in simplifying abstract genetics, specifically
maternal effect concepts for biology students. By strategically developing and implementing this innovative
teaching tool, we have made a significant advancement in fostering student engagement, improving
comprehension, and promoting an active learning environment.
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