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Purpose of the study: This study aims to determine the effect of the Problem
Based Learning (PBL) model assisted by Fyrebox on students' mathematics
learning outcomes.

Methodology: This research employed a quantitative approach with a quasi-
experimental Posttest-Only Control Group Design. The subjects consisted of 29
students in the experimental group and 30 students in the control group, all from
grade XI of Kamal 1 State High School. The research instrument was a post-test
in the form of problem-based essay questions. Data were analyzed using the
Kolmogorov-Smirnov normality test, Levene's homogeneity test, and the Mann-
Whitney U test with the assistance of SPSS 21.

Main Findings: The results showed a significance value of 0.000 < 0.05 in the
Mann-Whitney U test, indicating a significant effect of the PBL model assisted

Problem Based Learning by Fyrebox on students' mathematics learning outcomes. The experimental group

outperformed the control group in both average score and percentage of
completeness.

Novelty/Originality of this study: This study offers originality by integrating
the Fyrebox game-based quiz platform into the Problem Based Learning model
to enhance student engagement and performance in mathematics. Unlike
previous studies that implemented PBL alone or used other digital tools, this
research highlights the effectiveness of Fyrebox as a gamified medium that
contributes to improved learning outcomes in the digital learning era.
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1. INTRODUCTION

The 21st century has brought major changes in almost all fields, including education. The development
of digital innovation and the connectivity of the world encourages the growth of individual quality to be able to
compete in the global arena. Current learning emphasizes more on developing analytical skills, interaction,
teamwork, and creativity, known as the 4C [1], 21st century learning must be designed so that students can face
complex challenges in the digital era. Students are expected to not only be able to understand theory, but also
have the ability to solve problems, make decisions, and think logically and systematically.

Learning plays a crucial role in shaping a generation that can adapt to the transformation of the era.
According to Siregar et al., [2], learning is not only limited to the activity of conveying knowledge, but also a
place to form the personality and capacity of individuals to be ready to face the challenges of life. For that, an
educational method is needed that does not only focus on the dissemination of information, but also encourages
participation, innovation, and independence of students.
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One form of adjustment of the education system in Indonesia to the development of the times is the
introduction of the Independent Curriculum. This curriculum is designed to provide freedom to educational
institutions and teachers in organizing the learning process according to the demands and characteristics of
students. Kemendikbudristek [3] expresses the purpose of this curriculum to simplify basic skills and provide
teachers with the freedom to develop learning activities that are meaningful, contextual, and directed at student
needs.

The teacher's task in the Independent Curriculum is not only as a provider of knowledge, but also as a
facilitator, guide, and motivator in creating a learning atmosphere that is fun, inclusive and provides freedom [4].
It was also stated that teachers need to adapt to the needs of the digital age, including utilizing information
technology as a support in teaching and learning activities [5].

However, in reality in the field, we still often find traditional teaching methods that tend towards one-
way communication [6]. Based on observations made during the School Field Introduction (PLP) activities, most
mathematics teachers still apply the lecture approach without inviting students to participate directly in learning
activities. The impact is that students become less active and not so involved in the learning process. This
finding is in line with the results of observations Winda and Dafit [7] the lack of educators' capabilities in
utilizing digital devices hinders breakthroughs in learning methods, thus impacting students' academic
achievement in mathematics.

Mathematics as one of the main fields of study is often considered complicated and scary by many
students [8]. Not a few students face challenges in grasping basic mathematical ideas, mainly due to the teaching
methods applied are less stimulating and not directly related to everyday experiences. Therefore, a learning is
needed that is able to arouse students' curiosity and make mathematical understanding activities feel more fun
and interesting [9].

One method that has proven effective in improving mathematics learning achievement is the problem-
oriented teaching method [10]. This approach emphasizes the direct involvement of students in the learning
process, where they are directed to explore insights through handling real cases that are closely related to
everyday life situations. According to Dewi et al., [11], PBL encourages the growth of critical thinking skills,
team collaboration skills, and problem-solving skills. On the other hand, Suswati [12] highlighted that PBL
forms a challenging learning environment and provides stimulus for students to formulate solutions to the
problems they encounter. According to findings from Hermuttaqien et al., [13], Students who implement PBL
strategies tend to have a deeper mastery of the material being taught, because they absorb knowledge through
direct practice and independent research. In addition, students also consider that the topics they learn feel more
meaningful because they are directly related to real conditions in everyday life [14]. Similar findings were also
obtained by Butar et al., [15], which shows that PBL has a significant impact on high school students'
mathematics learning outcomes. Fadilah et al., [16] In his research, he stated that PBL can improve the
mathematical problem-solving abilities of grade VIII junior high school students.

In order for PBL to run optimally, interesting and interactive learning media are needed. One of them is
Fyrebox, a digital platform for creating educational quizzes that can be accessed online. Syarifah et al., [17]
mentioned that Fyrebox supports fun and challenging learning in accordance with learning objectives. Through
Fyrebox, educators can strengthen student participation in teaching activities. Educational game applications in
the form of quizzes like this have the potential to arouse students' curiosity, strengthen their enthusiasm for
learning, and make it easier for them to absorb material in a more enjoyable way [18]. Ariyanto et al., [19] stated
that the application of gamification in education is able to change students' views on difficult topics to become
more exciting and challenging. Research by Hasibuan et al., [20] stated that the use of interactive digital media
in mathematics learning can increase students' interest and learning outcomes. Likewise, Riny et al., [21] found
that digital quizzes used in PBL can improve students' conceptual understanding and interest in mathematics
material.

The collaboration between the Problem Based Learning approach and the Fyrebox platform is expected
to produce a dynamic, communicative, and meaningful learning atmosphere. In the field of mathematics
learning, the use of Fyrebox can be applied during the initial stage of problem presentation to arouse students'
exploratory interest, and at the evaluation stage it is used to assess the extent of their understanding of the
material that has been delivered. Thus, the combination of the problem-based approach and the Fyrebox platform
has a significant opportunity to encourage improved mathematics learning outcomes for students.

Related to the previous explanation, this study aims to determine the effect of problem-based learning
methods supported by Fyrebox on students' achievement of mathematics learning outcomes. It is hoped that this
study can contribute ideas in designing a creative and modern educational approach, effective, and in line with
the demands of education in today's era.
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2. RESEARCH METHODS

This research was conducted in February of the 2024/2025 academic year at Kamal 1 State High School
which is located in Kamal District, Bangkalan Regency, East Java. The researcher used a quantitative research
type with a quasi-experimental research method. The design in this study used Posttest-Only Control Design
which requires a control class and an experimental class. A detailed explanation of the Posttest-Only Control
Design, according to Sugiyono [22] can be seen in the following table.

Table 1. Research method design
Treatment  Post-test
R Xi O
Ry X5 02

Explanation:

Ri=random grouping of experimental groups.

Ro=random grouping of control groups.

Xi= the treatment applied to the experimental group sample was in the form of teaching with the Problem Based
Learning model supported by fyrebox.

X,= problem Based Learning model without fyrebox support.

O,= final assessment conducted on the experimental group.

O,= final assessment conducted on the control group.

The population that is the focus of this study includes all students from class XI. Which consists of
classes XI-1, XI-2, XI-3, XI-4, XI-5, XI-6, XI-7, XI-8, XI-9, XI-10 and XI-11. As an alternative, the subjects
used in this study were a group of students from class XI-10 totaling 29 students as the experimental group, and
students from class XI-11 consisting of 30 students as the control group. The independent variables in this study
are the problem-based teaching model supported by fyrebox and the problem-based teaching model that does not
involve fyrebox. The dependent variable in this study is the learning outcomes of students in mathematics
lessons [17].

The method of collecting information in this study uses a tool in the form of a learning evaluation
which is given after the teaching session is finished or what is better known as a post-test [23]. The evaluation
was distributed to two groups, namely the experimental group that received teaching with the Problem Based
Learning (PBL) approach supported by Fyrebox media, and the control group that received teaching with the
Problem Based Learning approach without any assistance from Fyrebox media.

The test applied in this research involves essay questions designed to evaluate the extent to which
students understand mathematical concepts after following the learning process. These questions are designed
according to the criteria for achieving competencies that are relevant to the topics being studied and have been
aligned with teaching objectives. The selection of the essay format aims for students to not only provide final
answers, but also be able to describe their thinking process and understanding of the mathematical concepts they
have learned.

The design of the test tool is carried out through various steps, starting from the preparation of the
question framework, making questions, to evaluation by experts (validators). This evaluation process aims to
ensure that the questions used can properly measure students' abilities according to the research targets [24].

The main purpose of conducting this post-test is to collect numerical information related to students'
learning achievement after they receive different treatments [25]. The information will then be analyzed using
analytical techniques to identify whether there is a significant difference between the academic performance of
students in the experimental group and the comparison group. Thus, this analysis serves as a means to directly
evaluate whether the application of the Problem Based Learning learning approach supported by Fyrebox media
affects students' mathematics learning outcomes.

Once all the information is collected, the next step is data examination and processing:

1. Kolmogorov Smirnov Normality Test

Kolmogorov-Smirnov Test menurut The Normality Test is used to ensure whether the data to be tested
is normally distributed or not. Kolmogorov-Smirnov Test according to [26] is a method applied to examine the
distribution of random and structured data in a group. This process is carried out with the help of the SPSS
version 21 application. If the significance value in the research sample is greater than 0.05, then the data can be
considered normally distributed.

2. Homogeneity Test

Homogeneity Test according to Li et al., [27] is a procedure carried out to evaluate whether the
variation between groups shows similarities. This process is carried out using the Levene test. If the Significance
value is greater than 0.05, then the data group is considered to come from a group with similar variations
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(homogeneous). However, if the Sig value is less than 0.05, then the data group comes from a group with
significantly different variations (heterogeneous).

3. Statistical Hypothesis Testing
The statistical hypothesis testing applied in this research is the T-Test [22]. The testing stages were
carried out using the SPSS 21 application, with the analysis of the test results explained as follows:
1) If Sig is more than 0.05, Ho is accepted, meaning that there is no significant influence of the problem
based learning model assisted by fyrebox on students' mathematics learning outcomes.
2) If Sig is less than 0.05, H; accepted, meaning that there is a significant influence of the problem
based learning model assisted by fyrebox on students' mathematics learning outcomes.

4. Mann Whitney U test

Mann-Whitney U test according to Normelia et al., [28] is a statistical technique that does not rely on
the assumption of normal distribution, used to compare learning outcomes between two groups. This approach is
used when the data analyzed is in the form of an ordinal scale, with the interpretation of the test results as
follows :

1) If the Sig value (2-tailed) is greater than 0.05, the null hypothesis (Ho) is accepted and the alternative
hypothesis (H1) is rejected, which means that there is no significant influence of the problem based
learning model assisted by fyrebox on students' mathematics learning outcomes.

2) If the Sig value (2-tailed) less than or equal to 0.05, the null hypothesis (Ho) is rejected and the
alternative hypothesis (H;) is accepted, which means that there is a significant influence of the
problem based learning model assisted by fyrebox on students' mathematics learning outcomes.

The research procedure goes through several stages as follows:
1.  Planning

Planning and creating learning tools, research instruments, designing the use of Fyrebox and validating
instruments with validators.

2.  Implementation

Selecting two groups of students from class XI-10 totaling 29 students as the experimental group, and
students from class XI-11 consisting of 30 students as the control group with purposive sampling technique. The
experimental group received learning using the Problem Based Learning model assisted by Fyrebox. The control
group received learning with the Problem Based Learning model without the help of Fyrebox [18].

3. Giving Post-test
After the learning process, both groups were given a final test in the form of problem-based essay
questions to measure mathematics learning outcomes.

4.  Data Processing and Analysis
The post-test data were analyzed using the Kolmogorov-Smirnov normality test, Levene's homogeneity
test, and the Mann-Whitney U hypothesis test using SPSS 21.

3. RESULTS AND DISCUSSION
3.1. Results
1. Learning outcomes

Table 2. Post-Test Results of Control Class and Experimental Class

Class Mean Standard Percentage Completed Incomplete Percentage (%)
Deviation (%)
Control 63.3 18.86 26.67 73.33
Experimental 89.5 14.99 82.76 17.24

After the learning outcome information has been obtained from the comparison group and the test
group, the next stage is to conduct data analysis. Some of the tests carried out in this study include:

a. Normality Test
Normality check according to Sonjaya et al., [29] is the first step in a series of data analysis that aims to
determine whether the collected data follows a normal distribution pattern or not. Normal distribution is one of
the main conditions that must be met in various parametric statistical tests, such as the t-test. Therefore,
normality testing plays a crucial role in ensuring that the data obtained can be analyzed using appropriate
statistical methods [30].
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In this study, normal distribution testing was applied to the final exam score data of all participants,
both those in the control group and the experimental group. The control group refers to students who follow the
learning process with the Problem-Based Learning approach without using Fyrebox media, while the
experimental group consists of students who undergo learning with a similar approach, but supported by the use
of Fyrebox media’.

Data normality testing was carried out using SPSS software version 21 using the Kolmogorov-Smirnov
approach [26]. This technique was chosen because the number of samples in this study exceeded 50, which is in
accordance with the requirements for using the Kolmogorov-Smirnov method. If the probability value (Sig.)
obtained from the test is greater than 0.05, then the data is considered normally distributed. Conversely, if the
value is less than 0.05, then the data is considered not normally distributed.

This normality test serves as an initial reference in choosing the right hypothesis testing method,
whether using a parameter-based approach or one that does not depend on parameters. If the data distribution
does not show a normal pattern, then further analysis will be continued using non-parametric methods, such as
the Mann-Whitney test. The following are the results of the normality test on the post-test values for the
experimental group and the control group:

Table 3. Normality Test

Class Kolmogorof-Smirnov* Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Result Experiment 289 29 .000 765 29 .000
Control .165 30 .037 .942 30 .100

Based on table 3, the normality test obtained significant values of 0.000 < 0.05 and 0.037 < 0.05
which means that the data is not normally distributed.

b. Hypothesis Test

The examination of the normal distribution is used as a starting point in determining the appropriate
approach for hypothesis testing, whether to use a parameter-based technique or one that does not depend on
parameters. If the data distribution pattern does not reflect a normal distribution, then the analysis step is
continued with a non-parametric approach, for example the Mann-Whitney test. Below are the results of the
evaluation of the normal distribution of the post-test scores of the treatment group and the comparison group
[28].

Since the previous normality test indicated that the data was not normally distributed, the analysis steps
were continued using non-parametric methods [31]. The technique applied is the Mann-Whitney U Method,
which functions as a substitute for the t-test for two independent groups (independent sample t-test) when the
data does not have a normal distribution [32]. The following is the output of the Mann-Whitney method:

Table 4. Hypothesis Test

Result
Mann-Whitney U 106.000
Wilcoxon W 571.000
4 -5.009
Asymp. Sig. (2-tailed) .000

Referring to table 4 related to hypothesis testing conducted using the Mann-Whitney Test because the
data is not normally distributed. a significance figure of 0.000 is obtained which is smaller than 0.05 which
means there is a significant difference between the mathematics learning outcomes of students in the
experimental class and the control class. Thus, it indicates the influence of the Problem Based Learning learning
model assisted by fyrebox on students' mathematics learning outcomes.

3.2. Discussion

Based on Table 3.1 post-test results, the average score of students in the control class was 63.3 and a
standard deviation of 18.86 with a completion rate of 26.67%, while in the experimental class, the average score
reached 89.5 and a standard deviation of 14.99 with a completion rate of 82.76%. This shows that students who
study using the Problem Based Learning model assisted by Fyrebox achieve higher learning outcomes than
students who study with Problem Based Learning without Fyrebox. Table 3.2 explains the results of the
normality test, which indicates that the final exam data from the experimental group and the control group are
not normally distributed. Therefore, the analysis was continued using a non-parametric hypothesis testing
method. In Table 3.3, it can be seen that the Problem Based Learning model assisted by Fyrebox has a
significant effect on students' mathematics learning outcomes. This finding is in line with a study conducted by
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[33] which revealed that the application of the Problem Based Learning method can improve learning
achievement, where 85% of students achieved a score of at least 70.

In general, the Problem Based Learning method has proven to be effective in the process of learning
mathematics because it emphasizes solving challenges. This result is in line with the findings of research Yuna
and Oviana [34] which indicates that Problem Based Learning can deepen students' understanding of concepts
and learning outcomes. The difference lies in the point of attention; this study prioritizes the impact that is more
focused on how to improve the process.

Research Husanah and Fitria [35] is in line with these findings, although it only implements the
Problem Based Learning approach without the support of digital tools, while this study combines the Problem
Based Learning method with an interactive tool called Fyrebox. Then, the results of research from Syarifah et al.,
[17] revealed that Fyrebox is able to facilitate students in understanding and solving problems in a structured and
enjoyable way, while also fostering a spirit of learning. This indicates that collaboration between innovative
teaching strategies and interactive technology is able to enrich students' insights into mathematical ideas.

3.2.1. The Influence of Fyrebox Based on ARCS Theory

The application of Fyrebox in mathematics learning can be analyzed through the ARCS motivation
theory framework developed by Keller. First, in terms of Attention, Fyrebox is able to attract students' attention
through interactive visual displays, the use of game elements, and the presentation of challenge-based quizzes.
Second, in terms of Relevance, the material packaged in Fyrebox can be directly linked to the mathematics
learning topic being studied, so that students feel that the activity is relevant to their academic needs and their
interests who like games. Third, in terms of Confidence, Fyrebox allows students to build self-confidence
through compiling quizzes so that they are easy to understand, namely from easy to difficult, which strengthens
their self-confidence in facing mathematics problems. Fourth, in terms of Satisfaction, the success of completing
the challenges given by Fyrebox provides a sense of satisfaction for students, which then strengthens their
intrinsic motivation to continue learning.

3.2.2. Practical Implications for Mathematics Teachers

Mathematics teachers can integrate Fyrebox into their lesson plans by designing problem-based quizzes
that are tailored to the learning objectives. For example, teachers can create quizzes that contain problem-based
questions to train students' critical thinking skills. This integration can be done at the beginning of learning to
activate students' prior knowledge, or at the end of the session to evaluate their understanding. However, there
are several technical challenges that need to be considered. Optimal use of Fyrebox requires stable internet
access and adequate digital devices. In addition, teachers need to adapt in designing questions, namely ensuring
that the quizzes are in the form of problem solving and maintain the depth of the mathematics material being
taught.

This research can still be further researched with indicators of the influence of Fyrebox on student
activity, student motivation and can be used for research in other fields of study. In my research, it was only on
learning outcomes and there are still gaps, I have not studied the responses and activities of students, that could
be an opportunity for other researchers for further research. It is also possible that Fyrebox and Problem Based
Learning can be tested for other subjects.

4. CONCLUSION

Based on the results of the research that has been conducted as well as the data analysis and discussion
that has been presented, it can be concluded that the use of the Problem Based Learning (PBL) learning model
assisted by Fyrebox media has a significant influence on students' mathematics learning outcomes. Thus, the
application of the Problem Based Learning learning model assisted by Fyrebox is worthy of being an alternative
learning strategy in mathematics classes, especially in efforts to improve the quality of the process and student
learning outcomes in the digital era that demands learning with creative and technology-oriented teaching
methods.
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