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Abstract

Digital technology has increasingly transformed the landscape of science education, positioning gamification as a powerful pedagogical
tool to enhance learner engagement and comprehension. This study investigates the application of digital gamification using ‘Kahoot!” to
enhance comprehension of biology subject content among secondary school students. The study seeks to determine the effectiveness of
digital gamification in reinforcing students’ understanding of cell organelles; examine learners’ motivation during the gamified learning
process; and evaluate the impact of a digital gamification intervention through pre- and post-intervention assessments. A quasi-experi-
mental design was employed involving two groups: an experimental group using ‘Kahoot!’ -based digital quizzes and learning content,
and a control group exposed to traditional teaching methods. The study targeted Form Two biology students, with gamified content aligned
to the cell organelles topic in the Kenyan secondary school curriculum. Data was collected using comprehension tests. Quantitative analysis
through t-test revealed statistically significant improvements in comprehension, motivation, and engagement levels among students in the
experimental group compared to the control group. The findings demonstrate that digital gamification fosters deeper understanding, en-
hances motivation, and promotes active participation in biology lessons. The study recommends the integration of digital gamification
tools like ‘Kahoot!” into science instruction to foster a more interactive and learner-centered environment.
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1. Introduction

The Kenyan education system has progressively transitioned towards learner-centered pedagogies, emphasizing student engagement and
enhanced performance in science subjects [1]and [2]. Traditional classroom instruction has been transformed through the implementation
of competency-based learning and the increasing availability of digital technology [3] and [4]. Challenges persist, as some secondary school
students continue to struggle with fully engaging in and comprehending complex scientific concepts [5 - 7]. This is especially true in the
sciences, where abstract concepts like cell organelles present considerable challenges to comprehend among learners [8], [9] and (Rapanta
et al. 2020).

Secondary educators and policymakers have effectively utilized creativity and technology to enhance meaningful learning and engage
students in challenging learning areas [11 - 13]. ‘Kahoot1’, a digital platform that integrates gamification with live quizzes and instant
reporting, exemplifies one of these strategies [14] and [15]. ‘Kahoot!” contrasts with traditional direct lecturing methods by incorporating
dynamic visual content, fostering a participatory and student-centered environment that enhances conceptual clarity and promotes active
engagement in the learning process [16] and [17]. Figure 1 represents the input and output of the gamification Intervention.
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Fig. 1: Input and Output of the Gamification Intervention.

According to [18] gamified digital tools can enhance student engagement, motivation, and retention of concepts and knowledge across
various educational learning areas. Findings by [19]assert that digital learning tools like ‘Kahoot!” are effective in addressing learning gaps
and enhancing learning instruction in the classroom. Empirical research examining the impact of ‘Kahoot!” on secondary Biology education
in Kenya is limited. This research investigates the effectiveness of ‘Kahoot!’, a digital gamification application, in enhancing Kenyan
secondary school students' comprehension of cell organelles. The study evaluates the influence of ‘Kahoot!’ on student engagement with
Biology content, grounded on the theoretical framework of engagement, including behavioral, emotional, and cognitive responses to learn-
ing materials. This specifically addresses the following research objectives:

i) To examine the effect of the ‘Kahoot!” intervention on secondary school students' comprehension of cell organelles materials by pre-
and post-intervention evaluations.
ii) To examine learners' motivation and engagement in using ‘Kahoot!” in the acquisition of knowledge about cell organelles.

This research will explain the cognitive advantages and motivational responses associated with ‘Kahoot!’, offering practical implications
for the application of instructional technology in science classroom lessons. The findings will influence both the practice of Biology teach-
ing and the broader integration of gamification in facilitating STEM education in resource-constrained settings.

1.1. Gamifying learning

Point-award systems, badges, leaderboards, and challenges are introduced into educational environments to make the process of studying
and learning more attractive and engaging for students, while also helping them to achieve their goals. The growing preference in E-
learning domains can be, in most parts, due to the shortcomings of classroom methods that do not always succeed in keeping learners
engaged and motivated. Game-based learning Tools and services focus on engagement and motivation[20] and [18]. It is proposed that
game-generated platforms contribute to student motivation and satisfaction, ultimately promoting better learning effects. The contributions
of [21] reveals that the use of progress bars along with any kind of reward might inspire the students as much as possible. Research by
[18]Gamification stimulates self-directed learning of students. Gamified systems are thought to support learners in being responsible for
their learning, leading to independence, self-motivation, and perseverance [22]. The study by [23] Maintain that achievements as well as
tracking and immediate feedback, encourage students studying online to feel more focused and responsible.

A meta-analysis conducted by [24] also revealed the beneficial effects of gamification on cognitive, motivational, and behavioral measures.
Research indicates that legitimate gamification that integrates game mechanics into learning content results in better learning performance
than superficial game add-ons. Furthermore, well-designed gamification contributes to educational development as opposed to mere en-
tertainment. A study by [25] caution the reader that it may not be easy to overgeneralize, as “not all that is gamified is gamifable”. Their
research suggests that gamified learning may be more effective for younger students, in specific domains of knowledge, and depending on
the learners' level of digital proficiency. [20] also advocate for user-centered design and continuous assessment to make certain that gam-
ification meets learners' needs.

1.2. Application of ‘Kahoot!’ in learning

Technology has its part to play in a transforming educational scene, by determining the delivery systems which are now possible for the
dissemination of knowledge and the retrieval of information.” Kahoot! is, in a nutshell, a game-based learning platform that uses elements
of fun, competition and interactivity in the context of the educational spaces [26]. This makes it the utility power of ‘Kahoot!’ to revitalize
science education, particularly in terms of captivating and hooking students onto their content. [27].

In the class, gamification partly plays to the advantage of Kahoot! by the logic itself of framing motivating environments through award
points, limited times, and the display of the player’s performance on leaderboards [28]. This is an at-ease, yet enticing entry point for
something often seen as abstract or difficult mostly in science education [29]. [30] found that science learning is characterized by memo-
rization of terms, comprehension of concepts, and application of principles, all of which can be game-based in platforms like ‘Kahoot!’.
An example of this is the immediate feedback aspect of the ‘Kahoot!’; the feedback allows the learner to realize what their misconception
is and fix it while the activity is still being carried out, meaning it is more formative than punitive [31]. Even from the elevated academic
perspective, ‘Kahoot!” brings the learning experience down to a very human level of play and fun in the otherwise sanitized world of
science education. This is very useful for students who feel that the subject's learning content is difficult. When students are laughing,
cheering, and connecting through a shared digital experience, science is no longer a lonesome chore; it becomes a shared adventure.
Another interesting point is the popularity of ‘Kahoot!” as a teaching tool in design. Just using ‘Kahoot!” does not necessarily translate
better learning results. The questions, how they align with the learning targets, and how the activity connects to other teaching and learning
strategies all play a part in the overall effectiveness. In applying these technologies, teachers should be thoughtful in how and when such
tools are used, to support instead of substitute for authentic inquiry and discussion [32].

‘Kahoot!” has exciting potential for making science learning more engaging for students and providing opportunities for collaborative
reinforcement of scientific knowledge in a playful, human-centered way [33]. As we examine on how to better communicate complex
scientific ideas, ‘Kahoot!” makes clear, learning can and perhaps ought to be fun as well as a serious classroom environment. Additional
studies reveal how these platforms can be most effectively utilized in various fields of science and for various students.
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1.3. Application of Quizizz in learning

Digital assessment systems in education have advanced quite a lot, notably with learner-centered perspectives. Quizizz is a website that
allows teachers to create online quizzes for their students in a fun and engaging way. The interactive environment in this platform has
made persuasive instructional activities and learning circumstances versatile, such as those of emergency remote learning [34].

Quizizz has been associated with a significant increase in learner engagement and exam preparedness in science subjects. This is particu-
larly the case in elementary school settings where elementary students engage in scientific inquiry. This type of digital interaction seems
to be related to brain activity changes that may be associated with higher-level thinking patterns [35]. The preliminary results emphasize
the importance of the inclusion of “interactive” platforms for an integrated learning approach. However, the directionality of this relation-
ship requires further situational evidence.

Incorporating gaming aspects in the learning journey has provided structure for enhanced cognitive interaction with the learning materials.
Gamification of Quizizz depends on repeated participation, score-based competition, and visual feedback effects on the learner’s feeling
and emotional processing level of the mind; in influencing learner emotions and attitudes [36]. Learners can engage with knowledge items
in a non-linear, adaptive style in a User Interface and a secondary task itself, which may enhance retention. However, longitudinal dynam-
ics are poorly understood.

The implementation of Quizizz in middle-level educational programs has been seen as an innovative approach to improving understanding
in curriculum-specific courses like Science 10. The platform is used both as an assessment tool and as an educational scaffolding device.
The resulting dynamic appears to facilitate formative assessment while encouraging peer engagement via real-time feedback [37]. Never-
theless, although the platform's flexibility seems promising, it is dependent on pedagogical alignment and contextual affordances.

1.4. Application of gimkit in learning

The application of Gimkit in educational settings is widely acknowledged for its ability to enhance learner interaction, improve academic
performance, and maintain engagement across several subjects. An expanding body of academic research has examined the many aspects
of this gamified learning tool, focusing on its psychological, pedagogical, and technical effects in primary and secondary educational
environments. [38]evaluated the effect of Gimkit on students' test achievement scores and retention in high school-level Biology. The
quasi-experimental design of the study showed that students in Gimkit-enrolled classes achieved significantly improved learning outcomes
and better memory retention compared to those in conventional instruction. The interactive characteristics of the platform (real-time feed-
back mechanisms, rewards, and self-directed participation) were regarded as pivotal factors in transforming the environment into one that
encourages and fosters higher levels of cognitive engagement and knowledge recall.

Another study by [39] examined the use of Gimkit under the STEAM model and used it as a digital game-based multimedia tool to improve
the ability of problem solving in writing of explanatory texts for primary school students. The study highlighted that students developed a
more refined cognitive reflection and learning capabilities through a combination of gamification activity and critical thinking. The im-
plementation of STEAM, especially the interdisciplinary application of learning, has helped to free Gimkit from memory-based instruction
into higher-level thinking skills.

Furthermore [40] also examined the relationship between Gimkit teaching and students’ academic performance in some subjects. Their
results emphasized the function of the platform, because of its adaptive elements (variety of questions, progress tracking, competitive
cooperation) and their impact on learning gains. Findings indicated that the introduction of the digital interface led to increased activism
among students and greater engagement in learning activities, which implied the transformation of the traditional student-teacher relation-
ship to learner-centered environments.

1.5. Application of cospaces edu in learning

Immersive digital simulation technology has given rise to a new form of pedagogy, enabling new forms of representation and narratives
that allow students to interact better with complex knowledge domains, through platforms like CoSpaces Edu. It offers immersive interac-
tive virtual environments to explore complex topics. The platform has been well known for its extensive engagement in the science and
computational learning domains.

A quasi-experimental study by [41]proved the pedagogical impact of CoSpaces Edu in science. Their results showed that students who
were instructed with the software had significantly superior conceptual retention and interest compared to those who were taught tradi-
tionally. Improved academic achievement was accredited to the fact that the virtual environments allowed interactive, student-centred
participation. The open-ended and constrained ability of the tool to mimic natural phenomena in user-constructed and flexible digital
environments afforded students the ability to manipulate, observe, speculate and generate questions within a framework not all too different
from the process of natural inquiry, albeit in a virtual setting.

Also [17]made an empirical investigation with primary school children, which emphasized the platform's role in the cultivation of com-
putational thinking (CT). The study found that CoSpaces Edu supported students' design of Virtual Reality stories and programmatic spaces,
which in turn significantly enhanced their algorithmic thinking, abstraction, and problem-solving skills. The 3D space internal to the
building allowed students to mentally manipulate abstract CT ideas through 3D interactive digital models, thus enhancing the internaliza-
tion of procedural thinking.

1.6. Engagement theory

The engagement theory promotes authentic, student-centered, interactive learning involving collaborative technology resources in mean-
ingful tasks. It suggests that students learn most when they are engaged in learning that is collaborative, project-based, and meaningful,
thereby encouraging continued interest, effort, and motivation (Kearsley & Shneiderman, 1998). The game-based student response system,
‘Kahoot!’, illustrates how the mechanics in the program can be applied with engagement theory when using game-based platforms like
leaderboards, real-time feedback, time-based challenges, and interactive play. A study by [42], Kahoot enriches the dynamics of the class-
room by providing competition with leaderboards and instant feedback, which leads to more engagement and attention. The feature of
leaderboard, in turn, practically facilitates the cognitive aspect of the theory, “relate” when students engage in cooperatively driven sur-
roundings. "Such competitive edge fosters a highly social, participatory environment in which every learner wants to be a part of the action,
particularly in large cohorts where it's hard to get students to contribute. [43] Additionally, make the claim that ‘Kahoot!” adds value to
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students’ motivation and enjoyment, lending credence to the theory’s “create” aspect, which encourages learners to actively participate in
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meaningful activities for learning. In a study carried out with engineering students, they found that ‘Kahoot!” promoted motivation and
learning, because it included rewards, and progression, and as a result, the theory proposed that sustained meaning and enjoyable engage-
ment is achieved through task ownership and reinforces this. [44] Also supports the material donation aspect of the engagement theory, in
that learners are using their learning within a real-time context that supports other learners. Game-based learning through ‘Kahoot!” enabled
students to be more involved in their learning, focusing and interacting more. Utilizing gamification features like timers and scoring led to
an enhanced cognitive engagement by introducing urgency and a sense of accomplishment, consequently leading to a more intensive focus
on the learning material.

2. Method

The study used a ‘Kahoot!” learning platform as a method of delivering Biology learning content to two learners. The Kahoot! game was
named ‘cell organelles and their functions’. The study was about the biology topic of cell organelles and their functions, which was the
independent variable. Learners’ motivational questionnaires, pre-test, and post-test Biology assessment test were administered to learners
in the ‘Kahoot!” gamified learning content, which was the dependent variable, and it was used to measure the level of achievement and
motivation. The pre-test and post-test were designed on Kahoot! platform. The reason why the learning content was designed was to assist
learners in improving their understanding of the cell organelles subtopic. The design of ‘Kahoot!” learning content was done based on the
Kenyan Biology syllabus and followed the curriculum designed by the Kenya Institute of Curriculum Development.

2.1. Participants

A quasi-experimental study was conducted for three weeks in two secondary schools during this phase. Both schools displaying similar
characteristics were found at the beginning of the study, which is essential for reducing bias in the quasi-experimental approach. Learners
were of age between 13-14 years old; the researcher was permitted to conduct the study by the relevant body. The permission to conduct
the study was also given by the school principals. This study mitigated selection bias by selecting two groups with comparable character-
istics in terms of age, subjects, class size, pre-test outcomes, and learning environment. After identifying similar features between the
schools, random assignment was utilized to select one school as the experimental group and another as the control group. In a quasi-
experimental research framework, pre-existing groups must be employed according to specific criteria, such as participant availability,
research aims, and established methods [45]. Students in the experimental group were instructed via ‘Kahoot!” gamified learning content,
while those in the control group were taught through traditional teaching techniques.

Figure 2 illustrates the design of the current research.

Random assignment

Experimental Group Control Group

Biology Assessment test

|¢

pretest pretest

Intevention

Kahoot! gamified learning content Conventional Learning

Biology posttest Assessment

Fig. 2: Design of the Current Research.

The learners in this study used two different methods of delivering instructions as presented in Table 1. Students of Form Two West used
the ‘Kahoot!” gamified platform while those in Form Two East used the conventional method of teaching.

Table 1: Intervention in Each Group

Item Form Two West (Experimental Group) Form Two East (Control group)
Number of learners 45 44
Type of intervention Kahoot! gamified content Traditional Learning Content

The ‘Kahoot!” gamified learning content was used by the experimental group online. The gamified learning content presented questions
that had clear goals and instant feedback, and the degree of feedback provided on the platform.

2.2. Development of learning content on the ‘Kahoot!’ platform

'Kahoot!" (https://kahoot.com/) is a website forum offering free interactive games designed for educational purposes, where educators can
create customized MCQ (Multiple Choice Question) that transform into engaging activities for learners. Learners can participate using
computers. According to [46], Bloom’s Taxonomy can effectively guide the design of formative assessments in real-time online learning
by ensuring that questions target not only basic recall (knowledge) but also higher-order cognitive skills such as application, analysis, and
evaluation. When used with ‘Kahoot!’, educators can structure quiz questions that align with different levels of Bloom’s hierarchy—for
example, asking students to recall biological terms (remembering), explain a cellular process (understanding), or compare functions of
organelles (analyzing). Users have the flexibility to craft their quizzes or utilize quizzes shared by others within the 'Kahoot!' community,
tailoring content to suit their classroom requirements. When creating assessments, users can personalize the duration allotted for answering
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each question and the number of response options provided. ‘Kahoot!” games, which were designed by the researcher, were given to the
experimental group.

The study started by administering the pre-test Biology assessment to learners. The pre-test was important because it enabled the learners
to remember the content about cell organelles and their functions [47]. In this research study, teachers were involved in the delivery of the
learning content. The five teachers who were engaged in administering the learning content to learners in the experimental group were also
tested on the level of their knowledge about the use of the ‘Kahoot!” platform during the teaching and the learning process. Figure 3 shows
the steps followed by learners on the ‘Kahoot!” platform to be awarded scores.

Learning content

design (Quizzes / Online podium

Polls / True and Play the game with players and
False) their awards

Set goals and Learner

game rules outcome, award

Fig. 3: Steps Followed by Learners on the ‘Kahoot!” Platform to Be Awarded Scores.
2.3. Procedure and data collection

The students were initially instructed on how to use computers to play the ‘KAHOOT!’. To address potential anxiety and reduce the effects
of over-competition, students were first given structured guidance on how to use ‘Kahoot!’, including instructions on navigating the plat-
form and strategies for focusing on learning rather than competition. The class was introduced to the topic of cell organelles and their
functions through gamification on the 'KAHOOT!' platform. Contrasting with their familiar lecture format, this technology-driven approach
proved more engaging and interactive for students. The three games (https://create.kahoot.it/share/game-one/dd0b1ed0-f0aa-410d-aSea-
ff9a7ec2ddd6 ), (https://create.kahoot.it/share/game-two/bc44e3be-192¢-4d57-b462-37dc00dc5961 ), and  (https://create.ka-
hoot.it/share/game-3/99827cee-ea79-4b49-b194-9952¢3418f7d ) were embedded on the 'KAHOOT!' platform. It equipped learners with
the knowledge necessary to participate in the ' KAHOOT!' game post-test biology assessment created by a researcher in collaboration with
biology teachers. Students accessed the game through the student portal, https://kahoot.it/, where they enter an access code and choose a
unique, informal name to maintain anonymity during gameplay. This anonymous approach allows students to participate to their fullest
potential without revealing their identities. Upon entering the game, 'KAHOOT!' presents the question-answer interface on their computers.
After a 20-second time limit, the 'KAHOOT! Podium displays the game results, showcasing the leaderboard with the names of top-per-
forming students and the correct answer to each question. After the interactive lesson and game, the learners in the experimental group
responded to a learner’s motivational questionnaire, which was on the 'KAHOOT!' platform. The student’s motivational questionnaire was
used to assess the learner’s interest when engaging with the 'KAHOOT!' platform during the study. They were then allowed to use their
computers to access a custom-made 'KAHOOT!" game (https://create.kahoot.it/share/pretest-biology-assessment/a04f2f61-046¢-4149-
9d67-2¢786dc0c991 ) for a pre-test Biology assessment. By entering the Game PIN into the 'KAHOOT!' portal, the students gained access
to the game. Once all students were logged in, the game commenced. The students were presented with 11 questions, a mix of multiple-
choice and true-or-false, with a 20-second time limit for each question. This time frame was based on the teacher's recommendation that
students should be able to answer within this period. Each multiple-choice question had four answer options, while true-or-false questions
had two. After the timer expired, the game revealed the correct answer and the number of students who selected each option. At the end of
each round, 'KAHOOT!' displayed the round leader. All students had the opportunity to answer all 11 questions. Following the pre-test,
students were given a KAHOOT! game pin to play three games in a self-paced manner. (https://create.kahoot.it/share/game-one/dd0b1ed0-
f0aa-410d-aSea-ff9a7ec2ddd6 ), (https://create.kahoot.it/share/game-two/bcd4e3bc-192¢-4d57-b462-37dc00dc5961 ) and (https://cre-
ate.kahoot.it/share/game-3/99827cee-ea79-4b49-b194-9952¢3418f7d ). After the instructional material was presented, students used their
computers to access another custom-made 'KAHOOT!' game (https://create.kahoot.it/share/posttest-biology-assessment/80f6990a-2ccc-
440a-88a5-49¢395f0911b ) for a post-test Biology assessment. Again, they entered the Game PIN to log in, and the game began once all
students were logged in. The format was identical to the pretest, with 11 questions and a 20-second limit per question. Correct answers and
the number of students selecting each option were displayed after the timer expired, and the leader of each round was shown as in the
figures below. After completing the ' KAHOOT!' game, students were presented with a motivational questionnaire. Their responses helped
researchers determine how well the students understood cell organelles and their functions after using 'KAHOOT!', as well as their overall
interest and motivation in learning with 'KAHOOT!' The questionnaire had eight Likert-scale questions, rated from 1 (strongly disagree)
to 5 (strongly agree) (https://create.kahoot.it/share/motivational-questionnaire/884fc764-f4al-4aeb-898b-6831b12aaa29). On the other
hand, the control group was issued a photocopied Biology assessment pre-test, which consisted of 11 questions. The same teacher who did
the presentation to the experimental group taught the control group about cell organelles and their functions using the conventional method.
The learners in this group were then given a post-test Biology assessment. The group did not respond to the learner’s motivational ques-
tionnaire. Designing and using learning content for the learners in the conventional classroom was easy with minimum pressure because
the teachers had experience using it.

2.4. Validity and reliability of research instruments

The verification of the validity of the relevance of the ‘Kahoot!” gamified learning content and the pre-test was obtained after carrying out
a pilot study in a secondary school with learners of the same characteristics as those in the main study. Experts, consisting of experienced
teachers in the biology subject and lecturers in the university and the Kenya Institute of Curriculum Development, were involved in the
assessment of the biology learning content before they were used in the research study. Similarly, based on the feedback from experts,
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improvements were made to both the gamified learning content and the pre-testing. As a result, the ‘Kahoot!” gamified learning content
was achieved at 87.98%. Based on the achievement level, 76 is considered to have reached a high level of achievement and the determina-
tion of good validity content. The assessment tests in pre- and post-tests were different but similar in terms of cognitive level. The pre- and
post-test assessment question items used were obtained from the biology textbook of the Kenya Literature Bureau.

3. Results

3.1. Effectiveness of ‘Kahoot!’ intervention in teaching and learning
The results of the pre-test process scores for the control group and experimental group is presented in the tables.

Table 2: Pre-Test Mean Scores for Control Group and Experimental Group

Test N Mean (M) Standard Deviation (SD) t-value Significance (p)
Control Group 44 9.69 3.183 1.456 0.000
Experimental Group 45 9.68 3.309 1.342 0.00

The null hypothesis was not rejected, as no significant differences were observed in the pre-test scores of the control group (M= 1.64, SD=
3.183) and the experimental group (M= 1.68, SD=3.309), with a t value exceeding 0.05. Consequently, there was no significant difference
in learner achievement following the pre-test Biology assessment. The random selection for the group indicated the initial performance
levels of the learners regarding cell organelles and their functions.

Table 3: Experimental Group Pre-Test and Post-Test Scores

Test N Mean (M) Standard Deviation (SD) t-value Significance (p)
Pre-test 45 9.68 3.309 0.000
Post-test 45 11.84 3.102 3.041

Table 3 indicates the pre-test and post-test performance for the subgroup of 45 learners that were being studied. The pre-test mean score
was 9.68, with a standard deviation of 3.309; the post-test mean score improved to 11.84, with a standard deviation of 3.102. This represents
enhanced performance after the intervention. A paired sample t-test was performed to ascertain the statistical significance of the observed
difference. The generated t-value was 3.041, with an associated p-value of 0.000. The p-value is below the conventional significance
threshold of 0.05, indicating statistical significance. This indicates that the improvement in scores from the pre-test to the post-test was not
attributable to random chance but rather signifies that the intervention had a significant and beneficial effect on the participants' perfor-
mance. Students possess prior knowledge of the structure and functions of cellular organelles.

Table 4: Control Group Pre-Test and Post-Test Scores

Test N Mean (M) Standard Deviation (SD) t-value Significance (p)
Pre-test 44 9.69 3.183 2.573 0.0017
Post-test 44 9.97 2.463

Table 4 illustrates the pre-test and post-test scores for the control group, including 44 learners. The mean result on the pre-test was 9.69,
with a standard deviation of 3.183, but the post-test mean score improved to 9.97, with a standard deviation of 2.463. A paired sample t-
test was performed to see whether the small difference in scores was statistically significant. The calculated t-value was 2.573, having a
corresponding p-value of 0.0017. The p-value, being less than 0.05, indicates a statistically significant difference, implying a little yet
notable improvement in performance despite the absence of the experimental intervention. The degree of enhancement is minimal, sug-
gesting that the transformation might result from existing learning effects, familiarity with testing, or other uncontrolled factors rather than
a targeted intervention.

Table 5: Post-Test Scores Comparison of ‘Kahoot!” Gamified and Traditional Learning Content

Group N Mean (M) Standard Deviation (SD) t-value Significance (p)
Control Group 44 9.97 3.183 -2.18 0.016
Experimental Group 45 11.84 3.102

Table 5 establishes a comparison of post-test results between the control group, which utilized ordinary learning materials, and the exper-
imental group, which employed ‘Kahoot!” gamified learning content. The control group (N = 44) revealed a mean score of 9.97 and a
standard deviation of 3.183, whereas the experimental group (N = 45) earned an outstanding mean score of 11.84 with a standard deviation
of 3.102. An independent sample t-test was performed to see if the mean score difference between the two groups was statistically signif-
icant. The computed t-value was -2.18, with a corresponding p-value of 0.016. The p-value, situated inside the standard threshold of 0.05,
indicates that the difference is statistically significant. The study indicates that students utilizing ‘Kahoot!” gamified learning materials had
markedly superior results on the post-test compared to those subjected to conventional learning techniques. Consequently, the implemen-
tation of gamification via ‘Kahoot!” seems to have positively influenced students' academic achievement.

3.2. Motivation for using digital gamification during the process of learning

The study on the motivation of using digital gamification during the learning process highlights significant gender differences in student
engagement and attentiveness. Both boys and girls reported high levels of engagement with the gamified activities, with boys rating their
engagement slightly higher than girls (Mean = 4.45 vs. 4.43), which indicates that gamification is generally effective at capturing the
attention of both genders. However, girls reported being slightly more focused when interacting with the content, with a mean score of
4.38 compared to 4.14 for boys, suggesting that girls may be more attuned to the material in gamified environments. Additionally, girls
described the gamified lessons as more interesting than boys did (Mean = 4.84 vs. 4.50), which aligns with the idea that girls may develop
a stronger emotional connection to the interactive and dynamic nature of gamified content. Both genders found the game enjoyable, but
girls rated it slightly higher in terms of fun and overall enjoyment (Mean =4.89 vs. 4.68 for fun, mean =4.82 vs. 4.59 for overall enjoyment),
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supporting the notion that gamification enhances the learning experience by making it more engaging and enjoyable for students. Further-
more, girls were more attentive during the gamified activities, as reflected in the reversed scores for lack of attention (Mean = 1.32 for
girls, 1.64 for boys), indicating a greater level of focus among female participants in digital gamified settings. Finally, girls reported
reflecting on how much they enjoyed the game more frequently than boys (Mean = 4.47 vs. 4.05), which suggests that girls may be more
intrinsically motivated when interacting with gamified learning materials. The findings in Figure 4 present the results of the learner’s
motivational questionnaire.

I THOUGHT THIS GAME WAS QUITE...
THIS GAME WAS FUN TO DO

| WAS ACTIVELY ENGAGED WITH DIGITAL...

0 1 2 3 4 5 6
IWAS  TFOUND | WILL | WHILE
ACTIVELY MYSELF DESCRIBE IENJOYED THIS THOUGHT DOING
ENGAGED FOCUSED  THIS THIS DOING GAMEDID  THIS THIS
WITH WHEN GAMIFIED GAME THIS NOT GAME  GAMIE, |
DIGITAL INTERACTI LESSON WASFUN GAME HOLDMY  WAS WAS
GAMIFIED NGWITH ASVERY TODO VERY ATTENTIO QUITE REFLECTIN
ACTIVITIE  DIGITAL INTERESTI MUCH NATALL ENJOYABL GON
S..  GAMIFIE.. NG E HOW...
Mean (Girls) ~ 4.43 4.38 4.84 4.89 4.82 1.32 43 a.47
® Mean (Boys)  4.45 414 45 468 459 1.64 4.09 4.05

Fig. 4: Motivational Questionnaire for the Learners in the Experimental Group.
4. Discussion

There was no significant difference on pre-test between the experimental and control groups. This was supported as there was virtually no
difference in the mean scores between experimental (M = 9.68) and control (M = 9.69) groups, and it was not significant (p > 0.05). This
result validates the initial similarity between the two groups and the strength of random assignment in experimental research [48].

In the investigation as to whether the experimental group’s performance would exhibit a statistically significant increase after the use of
‘Kahoot!’, the hypothesis was rejected and unfounded due to the significant post-test mean score (M = 11.84) compared to the pre-test
mean score (M = 9.68), t = 3.041, p = 0.000. [18] noted that students using gamified environments showed greater understanding of
concepts and higher levels of performance than their counterparts in traditional classrooms.

The scores of the control group from different points in time were compared. This hypothesis was not rejected as it was observed only a
moderate improvement (from 9.69 to 9.97), even though it was statistically significant (p = 0.0017). This small gain could be due to natural
cognitive development as students are exposed to test formats and incidental learning, which is congruent with the work of [49] who
suggests that learning is reinforced from repeated exposure, regardless of whether instructive.

Testing the difference in post-test scores between researcher-made tests in the control and experimental groups showed significantly higher
scores for the experimental group (p = 0.016). This higher dimension among students who interacted with ‘Kahoot!” corresponds to [50]
who stressed that gamification helps create a dynamic and engaging learning environment, while at the same time improving knowledge
retention and learner attention. Likewise, studies of [33] indicated that the interactive nature of ‘Kahoot!’ increases class participation, and
supports a better understanding of the topic.

These shared results confirm that gamification by use of the ‘Kahoot!” platform can improve learners’ academic performance. Its imme-
diate feedback, peer competition, and multimedia contribute to the effectiveness of ‘Kahoot!’ in engaging students in active learning [19].
In addition, its format, which stresses the importance of not only speed but also precision, acts as an incentive for students to study and
learn at a higher level, resulting in better results.

S. Implications of the study

This section explains the practical and theoretical significance of the study findings.
5.1. Practical implementation

This study underscores the practical benefits of integrating digital gamification into educational practices, particularly in teaching and
learning science subjects such as Biology. The findings indicate that digital gamification, exemplified using ‘Kahoot!” for teaching cell
organelles, significantly enhances students' comprehension and retention of learning content. Learners in the experimental group, who
engaged with the gamified content, showed marked improvements in their post-test performance and reported higher levels of motivation
compared to those taught using conventional methods.

These results suggest that educators should consider incorporating digital gamification tools into their teaching strategies to foster a more
engaging and effective learning environment. By doing so, they can potentially improve learning outcomes and stimulate students' interest
in the subject matter. Furthermore, the study supports the notion that gamification can be a valuable alternative method for content delivery,
complementing traditional instructional approaches.

However, the study also highlights the need for further research to identify the optimal implementation of digital gamification across
diverse educational contexts and subjects. Understanding how different variables affect the efficacy of gamification will enable educators
to tailor these interventions to maximize their impact on student learning.

The sample size (n=89) reflects the capacity of the rural school’s infrastructure, specifically, the availability of only 45 functioning com-
puters. This practical limitation has been acknowledged and noted as a constraint on generalizability. The researcher recommends replica-
tion in larger and more diverse contexts.
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5.2. Theoretical Implications

The findings of the study add value to the Self-Determination Theory (SDT), which proposes that there are three fundamental psychological
needs: autonomy, competence, and relatedness. According to this theory, fulfilling these needs enhances intrinsic motivation, engagement,
and overall well-being [51]. For autonomy, the design of the digital gamification intervention allowed learners to have autonomy in their
learning process. Also [52] noted the importance of designing instructional teaching materials that are relevant to a particular field of
learning. By incorporating elements of choice, control, and personalization, learners felt a sense of right of possession over their gaining
experience, enhancing their motivation to engage with the material on learning. On competence, the digital gamification intervention was
designed to provide learners with opportunities to develop and demonstrate their understanding of the learning content. Feedback mecha-
nisms within the gamified activities supported learners in assessing their progress and improving their skills, fostering a sense of compe-
tence and mastery. Furthermore, relatedness in digital gamification intervention promoted social interactions and collaboration among
learners, facilitating a sense of connection and belongingness within the learning community. Features such as multiplayer games, leader-
board competitions, and collaborative challenges encouraged learners to engage with each other, share knowledge, and support one another
in their learning journey.

6. Conclusion

This research found that the implementation of ‘Kahoot!” as a gamified teaching tool had a significant effect in increasing the academic
achievement of students in Biology. While the comparison group had a slight improvement, the intervention group gained significantly
more at post-test, supporting the use of gamification methods to improve learning outcomes. These results are in line with the works [28]
and [53]that indicate the inclusion of game-based learning systems can generate higher-level engagement, content retention, and academic
performance.

This result mirrors a wider consensus in the literature on educational research to incorporate digital gamification tools that foster interaction,
immediate feedback, and active learning. Therefore, educators and curriculum developers are encouraged to integrate game-like ap-
proaches into their teaching or learning activities to achieve higher student motivation, engagement, and academic success.
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