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The low mathematical literacy of junior high school students in
Indonesia remains a challenge, as reflected in PISA results that
consistently place Indonesia at the bottom in mathematical reasoning.
This study aims to examine the effectiveness of Problem-Based
Learning (PBL) assisted by H5P interactive videos in improving
mathematical literacy compared to PBL without digital media. A
quasi-experimental method with a Nonequivalent Control Group
Design was applied to two grade VIII classes of a state junior high
school in Cirebon, each consisting of 36 students. The instrument was
a mathematical literacy test based on three PISA indicators:
formulating, employing, and interpreting. Data analysis included
normality, homogeneity, and an Independent Samples T-Test,
supported by N-gain calculation. The results showed no significant
difference in pre-test scores between the groups, indicating
comparable initial ability. However, the experimental class achieved
an N-gain of 0.71 (medium-high category), higher than the control
class of 0.38 (low—medium category), with a significance level of
0.000 < 0.05. These findings confirm that integrating H5P into PBL
significantly improves students' mathematical literacy. The study
concludes that interactive media serve not only as a learning aid but
also as a pedagogical tool that fosters participatory, contextual, and
meaningful learning, providing practical recommendations for
mathematics teachers to adopt innovative digital approaches.
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1. INTRODUCTION

Twenty-first-century education demands that students have competencies beyond
just factual knowledge. They are expected to be able to apply knowledge to solve real
problems, think critically, creatively, collaboratively, and communicate [1], [2]. In the
framework of 21st Century Skills, mathematical literacy is included in literacy skills as the
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ability to use numerical and mathematical information to understand and solve everyday
problems [3], [4]. In line with that, Rizky and Priatna [5] affirm mathematical literacy as an
important skill for the 21st century that includes mathematical thinking, problem solving,
modelling, and the use of symbols and tools. According to Sumliyah et al. [6], mathematical
literacy is understood as the ability to think logically, formulate, use, and interpret
mathematical concepts in solving problems in various real-world situations. The OECD [7],
through the PISA Mathematics Framework, defines mathematical literacy as the ability to
formulate, apply, and interpret mathematics in various contexts. A similar view was put
forward by Liljedahl [8] that mathematics learning needs to provide space for critical and
collaborative thinking, while NCTM [9] emphasised that mathematical literacy must be the
main goal of junior high school learning. With these perspectives aligned, it becomes clear
that mathematical literacy is not only a cognitive skill but also a foundation for preparing
students to succeed in complex and unpredictable global challenges.

At the national and international level, however, the achievement of mathematical
literacy of Indonesian students is still low. PISA results show that Indonesia is ranked at the
bottom in the aspect of mathematical reasoning [10]. In PISA 2022, Indonesia ranked 72nd
out of 81 countries with an average score of 366, far below the OECD score of 472 [7].
National data also shows a similar trend [11]. This low achievement is influenced by the
dominance of lecture methods and routine exercises that make students passive [12] and the
lack of variety of learning media that hinders critical and creative thinking skills [13]. Such
findings indicate that the gap between the expected competencies of the 21st century and the
reality of classroom practices in Indonesia is still very wide.

At the classroom level, evidence also confirms this gap. Observation of PMDS
activities at SMP Negeri 6 Cirebon City strengthens this condition. Students' mathematical
literacy is still relatively low, as can be seen from the difficulty of understanding the context
of the problem, converting data into mathematical models, and drawing conclusions.
Students tend to memorise formulas without understanding concepts. The results of the
initial test based on the PISA 2022 indicator (Formulating, Employing, Interpreting) show
that the average mathematics literacy is only 30.25% in class VIII D (36 students). These
concrete classroom observations confirm that the problems identified at the national and
international levels are also evident at the school level.

To overcome these challenges, learning strategies are needed that encourage active
student engagement while also being relevant to the real context. Problem-Based Learning
(PBL) is considered a potential. According to Mashuri et al. [14], authentic problems in PBL
help students understand abstract concepts, increase interest, and achievement. Utami &
Fitriani [15] also proved that PBL can improve the mathematical literacy of junior high
school students, especially in formulating problems and interpreting data. According to
Hidayat et al. [16] emphasised that Problem-Based Learning (PBL) contributes significantly
to improving students’ mathematical literacy. However, the effectiveness of PBL will be
more optimal if combined with interactive media. One of them is H5P, which stands for
HTML5 Package, which allows the creation of interactive videos, quizzes, modules, and
presentations [17]. Hendratmoko et al. [18] found that interactive videos are effective in
improving mathematical literacy while making learning more interesting. Therefore,
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integrating PBL with digital media such as H5P has the potential to create a learning
environment that is both meaningful and engaging.

Nevertheless, when reviewing prior research, studies that integrate the two,
especially H5P-assisted PBL, are still limited in Indonesian junior high schools. Utami &
Fitriani [15] examined the effectiveness of PBL without digital media, while Hendratmoko
et al. [18] examined interactive media without PBL. Thus, there is a research gap regarding
the combination of the two. This gap highlights the urgency of conducting studies that not
only explore each component separately but also examine how their synergy can maximise
learning outcomes.

In response to this gap, this study aims to: (1) analyse the differences in mathematical
literacy ability between students who study with H5P-assisted PBL and students with PBL
without H5P, and (2) measure the improvement in mathematical literacy of both groups
using N-gain analysis. This research is expected to make a theoretical contribution to the
development of problem-based learning models integrated with interactive technology, as
well as practical recommendations for teachers in Indonesia to be more courageous in
adopting innovative learning models to improve students’ mathematical literacy. Thus,
mathematics teachers in Indonesia are encouraged to not only rely on traditional methods,
but also to utilise interactive technologies such as H5P as a real solution in improving the
quality of learning and the readiness of students to face the challenges of the 21st century.
In this way, the study not only addresses existing problems but also provides strategic
direction for transforming mathematics education in Indonesia toward a more future-
oriented practice.

2. METHOD

This study uses a gquasi-experimental method with a Nonequivalent Control Group
Design [19], [20]. The research population is all grade V111 students at one of the State Junior
High Schools 6 in the even semester of the 2024/2025 school year. Sample selection was
carried out by a purposive sampling technique based on the equality of academic ability as
seen from report card scores and subject teachers' input. The sample consisted of two classes
with a total of 36 students each, namely class VIII D as the experimental group and class
VIII E as the control group. This design was chosen to allow comparison between groups
that are similar in characteristics but receive different treatments.

The experimental class received learning with the Problem-Based Learning (PBL)
model assisted by H5P interactive video media, while the control class received learning
with PBL without H5P interactive video media. The learning in this study was carried out
for six meetings with a duration of 2 x 40 minutes each. The process follows the Problem-
Based Learning (PBL) syntax, which consists of five main stages. First, at the problem
orientation stage, the teacher presents contextual problems, where the experimental class
uses H5P interactive videos while the control class uses conventional questions. Second, the
teacher organises the students into groups to plan a completion strategy. Third, at the
investigation stage, students explored information and developed solutions, with the
experimental class receiving support in the form of questions and feedback from H5P media.
Fourth, the results of the investigation are presented and discussed together in class. Finally,
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teachers and students conduct analysis and reflection to relate the findings to relevant
mathematical concepts. Through this design, the main difference between the two groups
lies in the presence or absence of H5P media as learning support.

The research instrument is in the form of a mathematical literacy test in the form of
description questions that refer to three indicators of the mathematical literacy process
according to the OECD [10], namely Formulating, Employing, and Interpreting. The
instrument was validated by expert lecturers and subject teachers, and tested on 28 students
with equivalent characteristics. The results of the validity and reliability test using SPSS
version 22 are shown in the following table. This step was carried out to ensure that the test
items used were both accurate and reliable as a measure of students' mathematical literacy.

Table 1. Results of the Validity and Reliability Test of the Mathematical Literacy Test

Instruments

Question No  Validity Reliability
(Highly Valid) 0.843

(Highly Valid) 0.863

(Valid) 0.618 Reliable 0.691
(Fairly Valid) 0.524

(Fairly Valid) 0.552

OO wWNBE

The validity and reliability testing of the instrument, as presented in Table 1,
demonstrates that the validity coefficient meets the criteria of “very valid” and “quite valid.”
Meanwhile, the reliability analysis conducted using Cronbach’s Alpha resulted in a value of
0.691, which falls within the acceptable category of reliability. These outcomes collectively
indicate that the instrument used in this study is appropriate and feasible, as it satisfies the
necessary standards of validity and reliability required for research implementation.

Furthermore, the data collected were subjected to both quantitative and qualitative
analyses to ensure a comprehensive evaluation. The quantitative analysis was carried out
based on the results of the pre-test and post-test, in which student scores were obtained and
subsequently converted into value data. This process enabled the researchers to
systematically measure student performance before and after the intervention, thereby
providing meaningful data for further analysis.

The quantitative data were then examined through N-gain analysis to evaluate the
improvement in students’ mathematical literacy. The results of this analysis were later used
as the basis for hypothesis testing through the Independent Samples T-test. Prior to
conducting the T-test, prerequisite tests such as the normality test and homogeneity test were
performed to ensure that the data met the statistical assumptions required for valid inference.
The N-gain analysis applied in this study followed the formula proposed by Raharjo [21],

namely:
B Posttest score—Pretest score
N — Gain = 1)

Ideal Score—Pretest Score

After that, the results of the N-gain calculation are analysed and interpreted based on
the classification proposed by Raharjo [21]:
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Table 2. N-gain Score Distribution

N-gain value Category
G>0,7 High

03<6G<07 Medium
G <03 Low

Source: Raharjo [21]

These analytical steps were designed to identify not only whether there was an improvement
in mathematical literacy, but also how significant the improvement was.

The normality test was conducted to determine whether the populations of the two
classes were normally distributed. To assess this, the Kolmogorov-Smirnov test was applied
with a significance level of a = 0.05. The decision-making criteria were set as follows: if the
significance value was greater than or equal to 0.05, Ho was accepted, indicating that the
data were normally distributed; whereas if the significance value was less than 0.05, Ho was
rejected, signifying that the data were not normally distributed. Establishing normality is a
critical step, as it directly influences the appropriateness and validity of subsequent
parametric statistical tests.

The second prerequisite test was the homogeneity test, which aimed to examine
whether the two groups possessed equal variances. Similar to the normality test, the
significance level used was a = 0.05. The criteria for decision-making stated that if the
significance value was greater than or equal to 0.05, Ho was accepted, indicating that the
variances between the two groups were homogeneous. Conversely, if the significance value
was less than 0.05, Ho was rejected, meaning that the variances were not homogeneous.
Verifying homogeneity ensures that comparisons between the experimental and control
groups are equitable and free from bias.

Finally, the Independent Samples T-Test was employed to compare the mean scores
between the two groups, since the data were measured at the interval or ratio scale. This test
was specifically used to analyze differences in the average N-gain of students’ mathematical
literacy, applying the same significance level of a = 0.05. The decision-making rules
specified that if the significance value was greater than or equal to 0.05, Ho was accepted
and H, rejected, implying that the increase in mathematical literacy of students taught with
H5P interactive video media was not significantly higher than those without it. However, if
the significance value was less than 0.05, Ho was rejected and H. accepted, meaning that
students using H5P interactive video media showed a significantly greater improvement in
mathematical literacy than those who did not. Consequently, this test served as the
determining stage in validating whether the integration of H5P within problem-based
learning (PBL) significantly enhanced mathematical literacy compared to PBL alone.

3. RESULTS AND DISCUSSION
3.1 Result

3.1.1 Descriptive Statistics of Increasing Mathematical Literacy
The average pre-test, post-test, and n-gain values of the experimental and control

classes are presented in Table 3.
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Table 3. Descriptive Statistics: Pre-test, Post-test, and N-gain Mathematics Literacy

Data Class N Mean Std.Devision Min Max
Pre-test  Experiment 36 58,67 9,722 40 73
Control 36 58,97 9,539 40 77

Post-test  Experiment 36 88,53 5,877 77 100
Control 36 74,06 8,757 53 90

N-gain Experiment 36 0,7067 0,17693 0,26 1,00

Control 36 0,3761 0,14116 0,18 0,67

As displayed in Table 3, the pre-test outcomes reveal that the experimental class
achieved an average score of 58.67 with a standard deviation of 9.722, while the control
class recorded an average of 58.97 with a standard deviation of 9.539. The close similarity
of these values suggests that both groups started the study with relatively equal abilities,
thereby providing a fair basis for comparison. However, the post-test results highlight a
significant distinction between the two groups. The experimental class demonstrated a
marked improvement, reaching an average score of 88.53 with a reduced standard deviation
of 5.877, whereas the control class attained a lower mean of 74.06 with a standard deviation
of 8.757. The smaller standard deviation observed in the experimental class not only
indicates better performance but also suggests a more consistent distribution of student
outcomes, implying that the intervention positively influenced both the overall achievement
level and the uniformity of learning results.

The N-gain analysis further reinforces these findings. The experimental class
achieved an average N-gain of 0.7067 with a standard deviation of 0.17693, placing it within
the medium-high category, while the control class obtained an average of only 0.3761 with
a standard deviation of 0.14116, categorized as low-medium. This substantial difference
demonstrates that the instructional strategy applied to the experimental class was
considerably more effective in enhancing mathematical literacy compared to that used in the
control class. Taken together, the improvements in mean scores, the reduced variability in
performance, and the higher N-gain values strongly support the conclusion that the
intervention contributed significantly to strengthening students’ mathematical literacy, both
in terms of overall achievement and consistency across learners.

3.1.2 Prerequisite Test
The results of the normality test on the n-gain value of mathematical literacy of

students in the experimental class and the control class are presented in Table 4.

Table 4. Data on the Normality Test Results of N-gain Mathematics Literacy Value

Value Group Kolmogorov-Smirnov .
— - Conclusion
Statistic Df Sig.
N-gain Experiment 0,109 36 0,200 Normally
Distributed
Control 0,122 36 0,197 Normally

Distributed
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Based on the results presented in Table 4, the N-gain value of the experimental class
obtained a significance level of 0.200, which is greater than 0.05. This outcome indicates
that Ho is accepted and H, is rejected, meaning that the N-gain scores for students’
mathematical literacy in the experimental class follow a normal distribution. Similarly, the
control class produced a significance value of 0.197, which is also greater than 0.05, leading
to the acceptance of Ho and the rejection of H.. This finding demonstrates that the N-gain
scores for the control class are likewise normally distributed. Thus, the results of the
Kolmogorov-Smirnov test confirm that the distribution of N-gain data in both the
experimental and control groups is normal.

The results of the homogeneity test on the N-gain value of the mathematical literacy
of students in the experimental class and the control class are presented in Table 5.

Table 5. Data on the Normality Test Results of N-gain Mathematics Literacy Value
data Levene's Statistic ' conclusion
F Sig.

N-gain 1,116 0,294 Homogen

In Table 5, it can be seen that the results of the N-gain data homogeneity test of the
experimental class and the control class have a significance of 0,294 > 0,05, so H, is accepted
and H, Rejected. Therefore, it can be said that the data from the experimental class and the
control class vary homogeneously.

3.1.3 Hypothesis testing
Furthermore, the results of the normality test and the homogeneity test that have been

carried out show that the n-gain data are normally distributed and have homogeneous
variance, so that the average difference test presented in Table 6 can be used.

Table 6. N-gain Mean Difference Test (Hypothesis Test 1)

Data Independent Sample T-Test Conclusion
T Sig. (2-Tailed)
N-gain 1,180 0,000 H, rejected

Table 6 presents the results of the statistical test, indicating that the difference in the
mean N-gain of students’ mathematical literacy produced a Sig. (2-tailed) value of 0.000.
Since the obtained significance level is smaller than 0.05, Ho is rejected and H, is accepted.
This finding suggests that the improvement in mathematical literacy among students taught
using H5P interactive video media is significantly greater compared to those who did not
receive instruction through H5P interactive video media.

3.2 Discussion
The findings of the study revealed a substantial difference in the improvement of

mathematical literacy between students who engaged in Problem-Based Learning (PBL)
supported by H5P interactive video media and those who experienced PBL without such
media. The experimental group obtained an N-gain score of 0.71, which falls into the
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medium-high category, whereas the control group achieved only 0.38, categorized as low—
medium. This disparity highlights the more effective role of H5P in fostering learning
progress compared to conventional PBL.

Further analysis using the Independent Samples T-Test confirmed this result,
yielding a significance value of 0.000, which is lower than the threshold of 0.05. This
statistical evidence indicates that the integration of H5P interactive video media exerts a
significant influence on students’ mathematical literacy development. Consequently, the use
of interactive media should not be regarded as a supplementary component alone, but rather
as a crucial element that strengthens the overall effectiveness of PBL in improving learning
outcomes.

The effectiveness of H5P media can be explained through several mechanisms. First,
interactive features and live feedback allow students to be actively involved in the learning
process. This is in line with the findings of Utami [11], who reported that H5P interactive
videos increase student participation while strengthening understanding of mathematical
concepts. Second, H5P presents a more concrete visualisation and learning experience,
making abstract concepts easier to understand. Sanda [22] also found that the use of H5P-
based media had a positive impact on the mathematical literacy of junior high school students
in grade VIII. Third, this media fosters intrinsic motivation because students are not only
passively receiving information, but also actively interacting with learning materials. Taken
together, these mechanisms demonstrate how H5P bridges the gap between abstract
mathematics and students' lived experiences.

The findings of this study can be understood through a theoretical perspective. From
the perspective of Cognitive Load Theory [23], H5P helps reduce extraneous cognitive load
by presenting information visually and interactively, so that students' cognitive capacity is
more optimally used to understand concepts (germane load). Meanwhile, according to
Constructivist theory, learning will be more meaningful if students build their own
knowledge through exploration, collaboration, and authentic experience [24], [25]. The
integration of H5P in PBL is in line with this view because it allows students to build their
understanding through interaction with real problems, both individually and in groups. Thus,
theoretical frameworks not only explain the statistical outcomes but also justify why the use
of H5P within PBL creates a richer and more sustainable learning process.

In addition to supporting the theory, the results of this study are also consistent with
several other empirical findings. Qomariah et al. [26] emphasised that PBL can develop
mathematical literacy according to PISA indicators, namely Formulating, Employing, and
Interpreting. Research by Baharuddin et al. [27] also shows that interactive media is able to
increase student engagement while making the learning process more interesting. Thus, the
findings of this study not only strengthen the results of previous research but also fill the
research gap by combining PBL and H5P, which were previously rarely studied
simultaneously at the junior high school level. This alignment with prior studies reinforces
the credibility of the current findings while also highlighting its novelty in integrating two
approaches.

From a practical perspective, the implications of this research are important for
teachers. The use of H5P can be integrated into the curriculum by using platforms such as




https://doi.org/10.58421/gehu.v4i4.688 1569

Lumi, Moodle, or Google Classroom to present PISA-based contextual questions. At the
problem orientation stage in PBL, teachers can show interactive videos containing
contextual problems; at the investigation stage, students can get automated feedback from
H5P. Meanwhile, at the reflection stage, the teacher can guide the discussion based on the
recorded student response. Thus, H5P not only functions as an auxiliary medium but also as
a pedagogical instrument that encourages collaboration, independence, and high-level
thinking skills. By applying these strategies, teachers can move beyond conventional
methods and create a more engaging and student-centred classroom.

Theoretically, this study strengthens the understanding that the integration of
interactive digital media plays an important role in supporting problem-based learning, while
practically, this research provides concrete recommendations for teachers to be more
courageous in adopting innovative learning technologies. Through this step, students'
mathematical literacy can be improved, while supporting the realisation of a Pancasila
student profile that is adaptive to the challenges of the 21st century. In conclusion, the
synergy of PBL and H5P not only contributes to academic performance but also nurtures the
broader competencies required for future-ready learners.

4 CONCLUSION

This study proves that Problem-Based Learning (PBL) assisted by H5P interactive
video media significantly improves the mathematical literacy of junior high school students,
especially in the PISA indicator, which is to formulate, use, and interpret mathematical
problems. Practically, teachers are advised to integrate H5P in PBL to increase student
motivation and engagement, while schools need to provide training and assistive technology
facilities. The limitations of this study lie in the scope of one school with a limited sample,
so further research needs to be extended to other levels of education, comparing various
digital media, and conducted longitudinally to see the long-term impact on mathematical
literacy.
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