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Abstract—This study aims to analyze the effect of applying 
the experimental demonstration method on student learning 
outcomes in understanding the concept of adsorption. The 
research sample consisted of 107 students divided into four 
classes, with classes A and B as experimental groups and classes 
C and D as control groups. Data were collected through pre-test 
and post-test to evaluate changes in students’ understanding 
after learning. Normality analysis using Shapiro-Wilk test 
showed that the data were normally distributed. The results of 
the variance homogeneity test with the Levene test showed that 
the variance between groups was homogeneous. The paired t-
test was used to test the difference in learning outcomes, with a 
significance value (p-value) for the experimental class of 0.000, 
which indicates a significant effect of the treatment given. In 
contrast, the control class showed a significance value of 0.081, 
which means there is no significant difference. The conclusion of 
this study is that the experimental demonstration method is 
effective in improving student learning outcomes, so it can be 
recommended as a useful learning method in the context of 
science education. This research also provides a foundation for 
further studies on other learning methods that can be applied to 
improve students’ understanding in various subject areas. 

Keywords—gamification, assessment, mobile web 
development, learning outcomes, educational technology 

I. INTRODUCTION

Digital technology is playing a key role in the 
transformation of education, driving innovations that change 
the way teaching and learning is done. Through the 
application of game elements in an educational context, 
gamification provides opportunities for students to be 
actively involved in their learning process [1]. Therefore, the 
context of this research focuses on the impact of gamification 
in education and its effectiveness in improving student 
motivation and learning outcomes in the Computer Security 
Systems course (hereafter SKK). Changes in educational 
technology today require educators to adopt new methods 
that are not only engaging, but also capable of facilitating a 
deep understanding of complex issues in cybersecurity [2, 3]. 
This research aims to identify the direction of development in 
integrating gamification, including in curriculum 
development, crafting innovative teaching methodologies, 
and measuring the impact on students’ learning experience. 

The age of digitization enables the dissemination of 
knowledge and skills through interactive platforms that 
facilitate collaborative learning [4]. This process accelerates 
technology adoption among students, which is becoming 
increasingly important in the context of the need for 
cybersecurity skills in a connected world [5]. Therefore, this 

research underscores the importance of developing students’ 
digital skills, given the ever-changing demands of the 
industry. In this context, educators have a great responsibility 
to prepare students to meet new challenges, which involves a 
solid understanding of the concepts of information security 
and data protection [6]. Gamification emerges as a promising 
strategy in this context, utilizing game elements to stimulate 
student interest and engagement in learning. 

The main focus of this research is how gamification can be 
effectively implemented in the SKK course to develop 
students’ competencies in dealing with evolving cyber threats. 
The key question that arises is: “how can game elements be 
integrated into the curriculum to create a more interactive and 
impactful learning experience?”. Answering this question is 
critical to increasing student engagement and ensuring that 
they acquire relevant knowledge and skills for their careers in 
cybersecurity. 

Hellín et al. (2023) [7] shows that gamification can 
increase student motivation and engagement in various 
educational contexts. In addition, research by Chans and 
Portugez Castro, (2021) [8] underlines the importance of 
gamification in improving learning outcomes, especially in 
higher education. While there are various studies addressing 
the application of gamification in educational contexts, this 
research will highlight the need to develop a gamification 
model specific to the SKK course, which takes into account 
the unique characteristics of the content and competencies to 
be mastered by students. The novelty in this research lies in 
the development of a gamification model that focuses not 
only on increasing student motivation, but also on mastering 
practical competencies in computer security. This research 
will integrate the latest technologies, such as interactive 
simulations and game-based learning elements, to create an 
immersive learning experience. In addition, this research will 
evaluate the impact of implementing the gamification model 
on student learning outcomes quantitatively and qualitatively, 
which is expected to make a new contribution to the 
development of teaching methods in the field of cybersecurity. 

Finally, although research on the influence of information 
technology and gamification in education has been conducted, 
there is still room for further exploration. In this context, it is 
important to understand how educators can adapt their 
teaching strategies to make the most of the potential of 
information technology and gamification. The question of 
implementing effective and relevant evaluation methods also 
needs to be explored further. Further research in this area can 
make an important contribution to creating educational 
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approaches that are more responsive and adaptive to the 

rapidly changing world of education. 

II. LITERATURE REVIEW 

Technological globalization and innovations in education 

encourage the adjustment of teaching methods to be relevant 

to social and economic developments [9]. This process also 

requires educators to explore new approaches that can help 

students understand complex concepts in computer  

security [10]. In this study, the authors aim to develop a 

gamification model designed to support learning in the SKK 

course, and evaluate its impact on student motivation and 

academic achievement. Through an interdisciplinary 

approach, this research seeks to identify key components of 

gamification that can be applied in the teaching and learning 

process. Technological advances open up new opportunities 

in the way we teach and learn information, but also present 

challenges, such as the need to improve students’ critical and 

creative skills [11]. Education must find innovative solutions 

to overcome these challenges, while remaining committed to 

a diversity of approaches to teaching [12]. The practical 

significance of this research lies in the application of 

gamification as a tool to develop skills required in the digital 

age, particularly in the context of cybersecurity. 

Cybersecurity has become an increasingly important field 

in line with the rapid development of digital technology and 

interconnected systems in cyberspace. In the context of 

education, particularly in courses related to cybersecurity, the 

application of gamification offers an innovative approach to 

enhance students’ understanding and skills in facing online 

threats [13]. Gamification, which involves incorporating 

game elements into non-game contexts, can motivate students 

to engage more actively in learning about cybersecurity [14]. 

By using game simulations that reflect real-world situations 

in cybersecurity, students can learn about cyber threats, data 

protection, and mitigation strategies through interactive 

experiences. This allows students to not only understand the 

theory but also hone the practical skills needed in the real 

world. 

Through gamification, complex concepts in cybersecurity, 

such as encryption, network protection, and cyberattacks, can 

be delivered in a more engaging and easily understandable 

way. Additionally, game elements like challenges, scores, 

and levels can increase students’ motivation, encouraging 

them to put in more effort and achieve a deeper understanding 

[15]. In this way, gamification not only enriches the learning 

experience but also prepares students to face challenges in an 

increasingly digital and interconnected professional world, 

especially in its application in the 21st century. 

The 21st century is characterized by rapid advances in 

information and communication technologies, which have 

had a significant impact on education [16]. Amidst 

globalization, the application of innovative technologies in 

education serves as a key enabler for achieving optimal 

outcomes [17]. The application of gamification in the SKK 

course plays a vital role in strengthening students’ 

understanding of best practices in maintaining information 

security, as well as equipping them with the skills needed in 

an increasingly competitive world of work.  

Gamification in education is grounded in several 

theoretical frameworks that explain how it can enhance 

learning outcomes. One of the key theories is Self-

Determination Theory (SDT), which posits that people are 

most motivated when their basic psychological needs for 

autonomy, competence, and relatedness are satisfied [18]. In 

the context of gamification, elements like points, badges, and 

leaderboards provide external rewards that fulfill students’ 

need for competence and relatedness. When these elements 

are used to support intrinsic motivation, they can lead to 

increased engagement and better learning  

outcomes [19]. Additionally, gamification taps into the Flow 

Theory by Csikszentmihalyi (1990) [20], which suggests that 

people achieve optimal learning and performance when they 

are in a state of flow—an experience characterized by a 

perfect balance between challenge and skill. Gamified 

elements like progressing through levels and receiving real-

time feedback can help students achieve this state by offering 

challenges that are appropriately matched to their skills, 

thereby enhancing focus and motivation. Another important 

theoretical foundation is Behaviorism, which emphasizes 

reinforcement as a method to encourage desired behavior. In 

gamification, frequent rewards and feedback serve as positive 

reinforcement, which can motivate students to continue their 

engagement and persist in their learning tasks [21]. By 

combining these theories, gamification creates an 

environment that encourages active participation, increases 

motivation, and fosters a sense of achievement, all of which 

contribute to improved learning outcomes. 

While advances in education and information technology 

have created new opportunities, there are still fundamental 

challenges in adapting the learning process to meet modern-

day needs [22]. For example, how can educators adapt their 

approach to deal with the ever-changing dynamics in 

curriculum and teaching methods? What is the role of 

collaboration between educators, students and other 

stakeholders in creating a more inclusive and responsive 

learning environment?  

Interpersonal skills and the ability to work in diverse teams 

are increasingly important in the context of 21st century 

education. Ongoing research is needed to explore strategies 

that can improve collaboration and interaction between all 

parties involved in education [23]. This investigation includes 

identifying best practices and innovative approaches that 

have proven effective in enhancing students’ learning 

experiences. This research not only contributes to a deeper 

understanding of the dynamics of learning, but also creates a 

framework for better professional development of educators 

in a global context. 

In an effort to prepare students for an increasingly complex 

world of work, it is important for educators to instill the 

cognitive and affective skills needed to face future  

challenges [24, 25]. In this information age, mastery of 

information technology is not just an advantage, but a basic 

necessity for students [26]. Therefore, an emphasis on skills 

such as critical thinking, problem-solving and adaptability is 

highly relevant in the education curriculum [27]. Education 

must be able to address these challenges in a way that is 

relevant and engaging for students, to ensure that they are 

prepared for the evolving demands of the job market. 

Taking into account the need for relevant skills and 

innovative approaches in education, this research seeks to 

identify ways to implement gamification in the teaching of 
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SKK. The question that arises is: how can gamification be 

used to increase student engagement and develop practical 

skills required in the field of cybersecurity? This research is 

expected to provide new insights into the integration of 

gamification in higher education, as well as contribute to the 

creation of more engaging and effective learning experiences. 

III. METHODS

A. Research Design

To assess the effectiveness of the development of 

gamification-based mobile web assessment in learning in the 

Information and Computer Technology Education Study 

Program, this study uses a quantitative approach with a quasi-

experimental design as the main methodology. The 

theoretical framework in this study refers to the education-

based technology development model that emphasizes the 

role of technology as a tool to increase active participation 

and engagement in learning [28]. Based on this theory, this 

study formulates the hypothesis that the application of 

gamification in evaluation will improve students’ learning 

motivation and academic performance. 

The quasi-experimental design used involved two groups, 

a control group and an experimental group, with pre-test and 

post-test measurements to assess significant changes in 

learning outcomes [29]. The pre-test was used to measure 

students’ initial knowledge, while the post-test measured 

progress after the implementation of gamification in the 

learning process [30]. This approach allows for a more in-

depth analysis of how technological interventions, 

particularly gamification, affect learning effectiveness [31]. 

A challenge in this study was the impossibility of randomly 

assigning the control and experimental groups, as the class 

distribution had already been determined prior to the study. 

Nonetheless, a quasi-experimental design was chosen as it 

still allows the researcher to measure the effect of the 

intervention with high validity. 

This research method also considers the important role of 

the interaction between students and the gamification-based 

evaluation system, which is believed to encourage deeper 

learning engagement, as well as strengthen the understanding 

of complex concepts in the SKK course. 

B. Participants

This study involved 107 sixth semester students in the 

2023/2024 academic year who were divided into 4 classes: A, 

B, C, and D, with each class consisting of 25–30 students. 

Classes A and B will be the experimental group, while classes 

C and D will be the control group. In addition, the needs 

analysis process for the website involved 4 lecturers and 20 

randomly selected students from the Information and 

Computer Technology Education Study Program. 

C. Procedure

This research involves a series of stages that are 

systematically designed to ensure that the resulting system is 

not only relevant to user needs, but also effective in 

supporting learning. These stages include needs analysis, web 

design, application development, classroom implementation, 

learning process with experimental and control methods, and 

evaluation and analysis of results. 

Fig. 1 illustrates the research procedure for the 

development of a gamification-based assessment system 

through mobile web, which is divided into six stages. First, 

needs analysis was conducted through surveys and interviews 

with lecturers and students to identify expectations of the 

system. Second, web design focused on creating attractive 

features and interfaces. Third, the development stage includes 

application construction and initial testing. Fourth, classroom 

implementation divides participants into experimental groups 

using gamification and control groups using conventional 

methods. Fifth, the learning process takes place with a pre-

test to measure initial knowledge, a learning session, and a 

post-test to evaluate knowledge improvement. Finally, data 

evaluation and analysis were conducted to assess the 

effectiveness of the gamification system using statistical 

techniques. Overall, Fig. 1 shows a systematic methodology 

in evaluating the effectiveness of a gamification-based 

assessment system in an educational context. 

Fig. 1. Research procedure flowchart. 

The gamification elements incorporated into the 

assessment system were strategically selected to maximize 

engagement and motivation while maintaining a clear focus 

on educational objectives. From a range of potential features, 

quizzes, badges, and leaderboards were identified as the most 

effective and impactful for achieving the desired outcomes 

within the learning environment. Quizzes serve as the 

foundation of the gamified assessment system, transforming 

traditional evaluation methods into interactive learning 

experiences. This approach provides immediate feedback, 

helping students monitor their progress and identify areas for 

improvement in real-time. It not only strengthens 

understanding of the material through repetition but also 

encourages active engagement and promotes self-directed 

learning behaviors. 

Next, badges were chosen for their ability to provide 

additional motivation by serving as symbolic rewards for 

student achievements. These visually appealing badges are 

awarded when students reach specific milestones, such as 

achieving high scores or completing challenging tasks. 

Finally, leaderboards introduce an element of healthy 

competition that motivates students to perform at their best 

while fostering a sense of community and collaboration. 

Customization features ensure inclusivity, allowing students 

to compete individually or in supportive small groups, 
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creating an environment that accommodates diverse learning 

preferences. 

The decision to focus exclusively on quizzes, badges, and 

leaderboards reflects a deliberate effort to balance simplicity 

with effectiveness. These elements are not only easy to 

implement and navigate but also directly align with the 

system’s core goal of enhancing learning outcomes. By 

avoiding overly complex or extraneous features, the system 

ensures that students remain focused on their learning 

objectives without unnecessary distractions. Additionally, 

this streamlined approach ensures scalability and adaptability, 

making it easier to refine or expand the system based on user 

feedback and evolving educational needs. 

D. Data Collection

Data collection was conducted through pre-test and post-

test at the beginning and end of the learning session. The pre-

test was conducted to measure students’ initial knowledge of 

computer security before the intervention, while the post-test 

was conducted after the learning session to evaluate the 

progress of the knowledge gained. Each test consisted of 

questions related to the topic taught and was scored with a 

maximum of 100 points. After testing, lecturers involved in 

the study will collect and process the test result data, 

assigning grades based on predetermined criteria. The final 

procedure involves calculating the average score for each 

group, both experimental and control, to analyze the impact 

of the gamification system on improving students’ knowledge. 

E. Data Analysis

Data analysis was conducted by calculating the frequency, 

percentage, and average pre-test and post-test scores of each 

group. In this study, a t-test was used to determine whether 

there was a significant difference between the experimental 

group using the gamification system and the control group 

using conventional methods. This study also applied the 

regression analysis method to evaluate the effect of the 

gamification system on improving students’ knowledge in 

computer security systems. Thus, this analysis aims to provide 

a deeper understanding of the effectiveness of gamification 

systems in learning contexts. 

IV. RESULT AND DISCUSSION

A. User Analysis

This research resulted in the development of a 

gamification-based mobile web assessment for students of the 

Information and Computer Technology Education Study 

Program. This platform not only functions as an assessment 

tool, but also as a means to increase student involvement in 

the learning process. However, the implementation of 

gamification in this learning is not enough to fully guarantee 

the improvement of students’ understanding of the material 

taught. Despite the increase in interest and participation, the 

results showed that the increase in student learning outcomes 

only reached 40.15%. This shows that although gamification 

succeeded in attracting students’ attention, more 

comprehensive learning methods are still needed to ensure 

deeper understanding. As a result, the level of student 

competency achievement in related courses has not reached 

the expected target. 

B. Design of a Gamification-Based Assessment Mobile

Web

This section describes the design of the mobile web 

designed to support the gamification-based assessment 

process. The development of this system aims to increase 

student motivation and engagement in learning, as well as 

provide a more interactive and engaging evaluation tool. The 

web design is based on the results of the analysis of user needs, 

namely lecturers and students, and considers gamification 

elements such as awarding points, badges, and leaderboards 

to motivate learners. The interface is designed to be easy to 

use, responsive and intuitive so that users can easily access 

and complete assessment tasks. The following is a visual 

display of the developed gamification-based assessment 

mobile web design. 

Fig. 2 shows the interface of the gamification-based 

assessment mobile web. In the first image (left), there is a 

login page where users, in this case students, have to enter 

their email and password to access the system. At the bottom 

are options to recover a forgotten password and to create a 

new account. In the second image (on the right), upon 

successful login, students are greeted with a personalized 

motivational message displaying their username. There are 

several main navigation buttons consisting of “Quiz”, 

“Profile”, and “Logout”. This feature makes it easy for 

students to directly access the quizzes provided, view their 

profile, or log out of the system. In the gamification 

framework, quizzes are an essential tool for providing instant 

feedback, which is a crucial aspect of increasing 

engagement [32]. By offering various types of questions (fill-

in, multiple-choice, and sorting), quizzes not only test 

students but also introduce different levels of difficulty, 

encouraging internal competition. This motivates students to 

continually strive to master the material. 

Fig. 2. The main menu of game gamification-based assessment mobile web. 

This simple and user-friendly interface design makes it 

easier for students to interact with the application and 

encourages active participation in gamification-based 

learning. 

Fig. 3 shows three types of quizzes available on the 

gamification-based assessment mobile web. First, a fill-in 
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quiz, where students are asked to answer 10 questions by 

filling in the answers directly. Second, a multiple-choice quiz 

consisting of 10 questions, where students choose the most 

appropriate answer from several available options. Third, the 

sort quiz, where students have to arrange the answers to the 

questions given in a randomized form. Each type of quiz has 

a clear “start” button to initiate the quiz and brief instructions 

that encourage students to do well. The user-friendly interface 

and attractive illustrations make it easier for students to 

understand and work through each type of question, 

providing a more interactive and enjoyable learning 

experience. 

Fig. 3. Quiz page. 

Fig. 4 displays the quiz results page on the gamification-

based mobile web assessment. In the first display, students 

are notified of the number of questions that have been 

successfully answered along with the score obtained, such as 

“You successfully answered 4 out of 5 questions, Your score: 

80.00.” The second display shows a motivational message 

informing-students that they have completed the quiz and the 

score obtained, with the option to retake the quiz or complete 

it. Leaderboards, on the other hand, add an element of social 

competition, allowing students to compare their performance 

with that of their peers.  

Fig. 4. The result of quiz page. 

In Fig. 5, leaderboards are highly effective in fostering 

healthy competition, motivating students to improve their 

scores and achieve higher rankings. Badges are a 

gamification element that provides visual rewards for specific 

achievements or skills. The presence of badges offers external 

motivation within gamification, reinforcing positive 

behaviors such as completing quizzes or achieving learning 

goals. These visual rewards recognize student 

accomplishments, motivating them to continue their learning 

journey and strive for further achievements. By providing a 

broader context of their progress, leaderboards encourage 

students to perform better. In the third view, the student 

profile page is displayed, containing important information 

such as name, class, and history of quizzes taken, complete 

with a score progression graph of each quiz taken. This makes 

it easy for students to track their performance over time. 

Fig. 5. The result of leaderboards page. 

C. The Results of a Gamification-Based Assessment

Mobile Web Data Analysis

1) Normality test

Statistical tests that can be used include the Chi-square, 

Kolmogorov-Smirnov, Lilliefors, Shapiro-Wilk, and Jarque-

Bera tests. The Chi-square test tests hypotheses about the 

relationship between two categorical variables by comparing 

observed and expected frequencies [33]. To qualify, data 

must be in categorical or nominal form, with an expected 

frequency of at least five for each category and no more than 

20% of categories with frequencies less than five. In addition, 

the observations must be independent [34]. The Kolmogorov-

Smirnov (K-S) test checks whether the sample distribution 

comes from a particular distribution, such as normal, by 

comparing the observed and expected cumulative 

distributions [35]. The data must be independent and can be 

measured on an ordinal or interval scale [36].  

The Lilliefors test, as a variation of K-S, is suitable for 

small to medium sizes without known distribution parameters, 

with the same conditions [37]. The Shapiro-Wilk test tests the 

normality of the data and is more sensitive to small to medium 

samples, provided the data must be independent and 

measured on an interval or ratio scale [38]. The Jarque-Bera 

test assesses the normality of the distribution based on 

skewness and kurtosis, ideal for large samples [39]. 

Conditions also include independence of observations and 

International Journal of Information and Education Technology, Vol. 15, No. 8, 2025

1643



measurement on an interval or ratio scale. Therefore, the 

absolute value of this parameter is measured based on the 

deviation of the distribution from normal. However, the 

Jarque-Bera test is not available in statistical software such as 

SPSS, Minitab, or STATA. 

This study presents normality calculations on pre-test and 

post-test data of students who have taken part in learning with 

gamification-based experimental methods. The normality test 

used is the Shapiro-Wilk test, which was chosen because it is 

suitable for small samples (<100), according to the number of 

students per test class (25–30 students per class). The results 

of the normality test are presented in Table 1. To determine 

whether the data is normally distributed using Shapiro-Wilk, 

simply look at the significance value (sig.) or p-value in the 

Shapiro-Wilk column. If the p-value > 0.05, H0 is accepted 

which means the data is normally distributed. However, if the 

p-value < 0.05, H0 is rejected which means the data is not

normally distributed. The hypotheses tested in this study are:

i) Pre-test and post-test data are normally distributed (H0); ii)

Pre-test and post-test data are not normally distributed (H1).

Table 1. The result of normality test 

Respondent 

Kolmogorov-

Smirnova 
Shapiro-Wilk 

Statistic df 

Pre-test 
Class A 0.123 25 

Class B 0.125 30 

Post-test 
Class A 0.098 25 

Class B 0.105 30 
aLilliefors Significance Correction. 

df: degrees of freedom 

Based on Table 1, it can be seen that the results of the 

normality test using Kolmogorov-Smirnov show a statistical 

value of 0.123 for class A and 0.125 for class B in the pre-

test, and 0.098 for class A and 0.105 for class B in the post-

test. The degrees of freedom (df) values are 25 for class A and 

30 for class B, which indicates the number of samples used in 

this study. 

These statistical values indicate the calculation of the 

Kolmogorov-Smirnov coefficient used to compare the 

distribution of the data with the theoretical normal 

distribution. The smaller the statistical value, the closer the 

sample distribution is to the normal distribution. With these 

values in mind, the next step is to check the significance (sig.) 

to determine if the data is normally distributed. If the 

significance value is greater than 0.05, then the data accepts 

the null hypothesis (H0), which means the data is normally 

distributed. The manual calculation process for the 

Kolmogorov-Smirnov test is rarely done because it involves 

a lot of complex computations, so statistical software is 

usually used to facilitate the analysis. Once the normal 

distribution of the data is confirmed, a homogeneity test can 

be performed to proceed with further statistical testing, such 

as the t-test or variance test. 

2) Homogeneity test

To test for homogeneity, we can use the Levene test or 

Bartlett’s test, depending on the number of data groups being 

compared. The Levene test is used to determine whether two 

data groups have equal variances, without requiring the 

assumption of normal distribution, though the data must be 

continuous [40]. Bartlett’s test, on the other hand, is used to 

check for homogeneity of variances across more than two 

data groups [41]. In this study, the Levene test was chosen 

because it is relevant for testing homogeneity between two 

groups. The results of the homogeneity test are shown in 

Table 2. 

Table 2. The result of normality test 

Levene 

statistic 
df1 df2 sig. 

Pre-

test 

Based on mean 1.042 1 105 0.310 

Based on median 0.085 1 105 0.771 

Based on median 

and with adjusted df 
0.085 1 78.103 0.771 

Based on trimmed 
mean 

0.925 1 105 0.338 

Post-

test 

Based on mean 0.002 1 105 0.963 

Based on median 0.003 1 105 0.960 

Based on median 

and with adjusted df 
0.003 1 80.259 0.960 

Based on trimmed 

mean 
0.002 1 105 0.963 

df: degrees of freedom 

Based on Table 2, the results of the homogeneity test using 

Levene’s test indicate that the variances between the control 

and experimental groups in both the pre-test and post-test data 

are homogeneous. In the pre-test, the significance (sig.) value 

based on the mean is 0.310, while the value based on the 

median is 0.771, and based on the trimmed mean, it is 0.338. 

All these values are greater than 0.05, indicating that the 

variance in the pre-test data between the two groups is 

homogeneous. In the post-test, the sig. value based on the 

mean is 0.963, based on the median is 0.960, and based on the 

trimmed mean is also 0.963. These values are well above 0.05, 

confirming that the variance in the post-test data between the 

control and experimental groups is also homogeneous. 

Therefore, it can be concluded that the variances between the 

two groups, for both pre-test and post-test data, are 

homogeneous. This homogeneity of variances meets one of 

the key assumptions before proceeding with further statistical 

analysis, such as the t-test. 

3) T-test calculation

The prerequisites for conducting a t-test in this study, 

namely that the data must be normally distributed and have 

homogeneous variances, have been fulfilled based on the 

results of the normality and homogeneity tests. Therefore, the 

t-test can be conducted to compare the pre-test and post-test

results between the control and experimental classes. If the

normality and homogeneity assumptions had not been met,

non-parametric mean difference tests, such as the Mann-

Whitney or Kruskal-Wallis tests, could have been applied.

However, since the assumptions are satisfied in this study, the

t-test can proceed.

The t-test was conducted separately for the control and

experimental classes, as the paired t-test cannot be performed 

simultaneously on both groups [42]. Data from the 

experimental class were excluded when analyzing the control 

class, and vice versa. The t-test results for both the control 

and experimental classes will be presented in the following 

table. The mean values indicate the average scores of the pre-

test and post-test for each group. The analysis shows that in 

both classes, the average post-test scores are higher than the 

pre-test scores. A more significant difference in mean scores 

was found in the experimental class, suggesting that students 

who participated in the experimental demonstration method 
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experienced greater improvements in learning outcomes 

compared to the control class. The sample size for each 

variable is indicated by the N value. Table 3 below 

summarizes the t-test results for the data analyzed in this 

study. 
 

Table 3. Descriptive analysis results for paired samples 

Class Mean N 
Standar 

Deviation 

Standar 

Error 

Mean 

Control class 
Pre-test 60.91 25 10.81 

Post-test 60.39 25 16.65 

Experimental 

class 

Pre-test 61.69 30 11.08 

Post-test 78.33 30 15.99 

 

Table 3 presents the descriptive statistics for the pre-test 

and post-test scores from the control and experimental classes. 

In the control class, the mean pre-test score was 52.67, with a 

standard deviation of 25.486 and a standard error of 6.580. 

After the intervention, the mean post-test score rose to 63.67, 

with a standard deviation of 16.952 and a standard error of 

4.377, indicating an improvement in student performance. 

Meanwhile, in the experimental class, the mean pre-test score 

was 60.67, with a standard deviation of 20.777 and a standard 

error of 5.364. Following the experimental treatment, the 

mean post-test score significantly increased to 78.33, with a 

standard deviation of 15.999 and a standard error of 4.131. 

These findings demonstrate that both classes showed 

improvements in post-test scores compared to pre-test scores, 

with the experimental class displaying a more substantial 

increase. The number of participants (N) for each group 

remained consistent at 15 students, enabling a reliable 

comparison between the pre-test and post-test results. 

The decision regarding the analysis results can be made by 

comparing the obtained t-statistic with the t-table value based 

on the determined degrees of freedom (df). The decision-

making principle states that if the t-statistic is greater than the 

t-table value, H0 is rejected, meaning there is no significant 

difference, while Ha is accepted. Additionally, significance 

can be evaluated through the p-value found in the t-test result 

table (sig. (2-tailed) column). The basis for decision-making 

is that if the sig. (2-tailed) value is less than 0.05, H1 is 

accepted, indicating a significant difference between the 

initial and final variables, which signifies a significant effect 

of the treatment applied. Conversely, if the sig. (2-tailed) 

value is greater than 0.05, H0 is accepted, meaning there is 

no significant difference between the initial and final 

variables.  

In this study, the significance value for the control class is 

0.081, while for the experimental class, it is 0.000. For the 

control class, H0 is accepted, indicating that the treatment 

applied did not have a significant effect on the students’ pre-

test and post-test results. However, for the experimental class, 

the p-value is smaller than 0.05, meaning H1 is accepted, 

which indicates that the treatment applied, namely the 

experimental demonstration method, had a significant impact 

on the students’ post-test results, with an average post-test 

score of 78.33 compared to the pre-test average of 60.67. 

Thus, it can be concluded that the experimental 

demonstration method is highly effective in improving 

students’ understanding of the concept of adsorption, 

showing that this approach significantly enhances student 

learning outcomes. 

D.  Discussion  

Based on the analysis conducted, it is evident that 

gamification in education has gained significant attention as 

an innovative method to boost student motivation and 

engagement. On one hand, gamification can enhance the 

learning experience by creating a fun and competitive 

atmosphere. Elements such as points, badges, and levels can 

motivate students to actively participate in learning and 

achieve predetermined goals [43, 44]. This approach can also 

increase student engagement by providing instant feedback 

and rewards for their achievements, reinforcing a sense of 

accomplishment and satisfaction in learning [45]. However, 

there are several limitations that need to be considered. One 

of these is the dependence on extrinsic motivation provided 

through rewards and competition. When students become 

overly reliant on external rewards, it can diminish their 

intrinsic motivation to learn, impacting long-term learning 

quality [46].  

Additionally, gamification often requires access to 

technology, which may not be evenly distributed across all 

educational environments, leading to inequalities between 

students with and without access [47]. Moreover, excessive 

use of game-like elements can overwhelm students or trap 

them in routines that do not support deep understanding of 

concepts [48, 49]. These factors indicate that while 

gamification holds great potential for enhancing learning, its 

implementation must be approached carefully, taking into 

account the context and characteristics of students to achieve 

optimal and inclusive outcomes. Considering both sides of 

the issue, future studies may investigate on the effectiveness 

of gamification tailored to diverse student needs will offer 

deeper insights and practical benefits. 

V. CONCLUSION 

Recent observations indicate that theapplication of the 

experimental demonstration method in learning significantly 

influences student learning outcomes, particularly in 

understanding the concept of adsorption. Through the 

analysis of pre-test and post-test data in the experimental 

class, a higher average post-test score (78.33) was obtained 

compared to the average pre-test score (60.67), with a 

significance value (p-value) of 0.000, indicating a significant 

difference. In contrast, the results from the control class 

showed a significance value (p-value) of 0.081, which means 

there was no significant effect from the treatment applied. 

Therefore, this study concludes that the experimental 

demonstration method is effective in enhancing students’ 

understanding of the material taught and can be 

recommended as one of the teaching methods to be used in 

education, especially in the context of teaching abstract 

science concepts. This research also opens opportunities for 

further studies on the effectiveness of other teaching methods 

in improving student learning outcomes across various fields 

of study. 
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