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The low learning outcomes and problem-solving abilities of vocational high
school students in Banyudono in the subject of Informatics indicate the need
for the application of more effective learning strategies based on interactive
multimedia. This study aims to analyze the effect of problem-based learning
(PBL) assisted by interactive multimedia on the Informatics learning outcomes
of vocational high school students in Banyudono, given the limited empirical
research that examines the integration of these two approaches in the context
of regional vocational high schools. This study uses a quantitative approach
with a quasi-experimental non-equivalent control group design. The sample
was determined through proportional stratified random sampling involving
experimental and control classes. Data were collected through pretest and
posttest, then analyzed using normality test, homogeneity test, balance test,
hypothesis test, and N-Gain test. The results showed that PBL learning assisted
by interactive multimedia provided a significant improvement in learning
outcomes compared to conventional learning. The average posttest score of
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1. INTRODUCTION

In the era of globalization, improving student learning outcomes has become a critical priority in
education systems worldwide (Wibisono, 2020).. Recent international assessments, including the Programme
for International Student Assessment (PISA) 2022, indicate that Indonesian students continue to perform below
the OECD average in reading, mathematics, and science, highlighting persistent challenges in learning
effectiveness (OECD, 2023). These challenges are more pronounced in semi-rural areas such as Banyudono,
where preliminary observations in vocational high schools (SMK) reveal that Informatics instruction is still
largely teacher-centered, with limited use of interactive multimedia to support problem-solving activities. As
a result, students often experience difficulties in understanding abstract concepts and applying knowledge in
real-world contexts.

Although access to education in Indonesia has improved, disparities in learning outcomes between
urban and non-urban regions remain significant. Factors such as limited instructional resources, varying teacher
competencies, and suboptimal implementation of student-centered learning models contribute to these gaps
(Yudiana et al., 2023). Previous studies have demonstrated that problem-based learning (PBL) and interactive
multimedia independently enhance student engagement and conceptual understanding. However, empirical
studies that integrate PBL with interactive multimedia in vocational education, particularly in SMK settings in
Banyudono, are still scarce. Existing research has predominantly focused on general secondary education or
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urban contexts, leaving a clear research gap regarding the effectiveness of this integrated approach in resource-
limited vocational schools.

The use of interactive multimedia in learning offers several significant advantages, particularly in
enhancing student engagement and conceptual understanding (Malist & Saloun, 2020). Interactive multimedia
enables the presentation of learning materials through visual, audio, and interactive elements, which can help
students grasp abstract concepts more effectively and maintain learning motivation (Kafle, 2024). In addition,
it supports self-paced learning and accommodates diverse learning styles, aligning with the principles of
differentiated instruction. However, interactive multimedia also presents certain limitations, including
dependence on technological availability, infrastructure readiness, and teachers’ competence in designing and
managing digital learning media (Andini & Hadi, 2020). In educational settings with limited resources,
challenges such as restricted access to devices, unstable internet connectivity, and increased preparation time
may hinder optimal implementation.

Problem-based learning (PBL) has the primary strength of fostering students’ critical thinking,
problem-solving, and collaborative skills through the use of authentic, real-world problems (Abidin &
Sulaiman, 2024). This approach encourages active learning by engaging students in inquiry, analysis, and
knowledge construction, thereby making learning more meaningful (Rianto et al., 2025). Nevertheless, PBL
also has weaknesses, such as requiring careful instructional planning, longer instructional time, and a high level
of student readiness for independent and collaborative learning (Das et al., 2023). Without adequate guidance,
students may experience confusion or difficulty in achieving learning objectives. Therefore, the integration of
PBL with interactive multimedia must be carefully designed to maximize the strengths of both approaches
while minimizing their limitations in classroom practice.

Therefore, this study seeks to address this gap by examining the impact of problem-based learning
supported by interactive multimedia on students’ learning outcomes in Informatics at the SMK level in
Banyudono. The findings are expected to provide evidence-based insights for improving instructional practices
and supporting more equitable and effective learning strategies in vocational education.

2. RESEARCH METHOD

This study uses a quantitative approach with an experimental design, namely a quasi-experiment with
a non-equivalent control group design at a state vocational school in Banyudono. This approach was chosen to
obtain the effect of a treatment in a more effective and practical way. Sampling was carried out using cluster
sampling. This means that each group from the existing population has the same probability of becoming a
research sample. In this study, the author selected two classes as samples: Class X TJKT 1 and Class X MPLB
1. The sample sizes for the control and experimental groups were 34 and 33 students, respectively. Data
collection techniques included pre-tests and post-tests. Data analysis utilized normality tests, homogeneity
tests, balance tests, hypothesis tests, and N-Gain tests.

This research falls under the category of quantitative research, as the approach used is descriptive
quantitative, meaning that in quantitative research, data can be explained using precise figures (Darwin et al.,
2021:13).

Table 1. Quantitative research design

Group Pretest Treatment Posttest
Control N4 Conventional v
method
Experiment N4 Multimedia v
interactive
with PBL

2.1. RESEARCH PROCEDURES

Data collection was conducted during class hours at SMK Negeri 1 in Banyudono. Data collection
details were carried out using pretest and posttest methods. The pretest was conducted at the beginning of the
lesson using questions that were in line with the learning indicators. After the intervention using interactive
multimedia and problem-based learning for the experimental class in grade X MPLB 1 and conventional
learning models for the control class in grade X TJKT 1, a posttest was conducted.

The analysis was conducted after data collection from samples using normality tests, homogeneity
tests, balance tests, hypothesis tests, and N-Gain tests.

Therefore, the objective of this quantitative study is to describe the significance and influence of
interactive multimedia use in the context of problem-based learning. Thus, this study employs a quantitative
approach with a quasi-experimental design using a non-equivalent control group research pattern.
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Before the test instrument was administered, its validity and reliability were examined to ensure the
accuracy and consistency of the measurement. Item validity was analyzed using the Pearson product-moment
correlation by correlating each item score with the total test score. An item was considered valid if the obtained
correlation coefficient exceeded the critical value at a significance level of 0.05, indicating that the item was
able to measure the intended construct. Furthermore, instrument reliability was assessed using Cronbach’s
alpha to evaluate the internal consistency of the test items. A Cronbach’s alpha coefficient greater than 0.70
indicated that the instrument had acceptable reliability and that the items consistently measured students’
learning outcomes. The results of these analyses confirmed that the test instrument met the required validity
and reliability criteria and was therefore appropriate for use in data collection.

3. RESULT AND ANALYSIS

One of the responsibilities that teachers must carry out at school is to provide support to students so
that they can become students who are in line with the school's vision. Through education, teachers contribute
to many aspects of life, including school, social, cultural, and economic aspects. Throughout the entire
educational process, teachers play a major role as educators. Teachers have various roles to carry out, where
they must perform their duties and be responsible for the learning outcomes of children through interaction in
the teaching and learning process.

3.1. RESULT
3.1.2. PRE-TEST
Table 2. Data description pretest

Data statistic Control Experiment
Average 45.28 42.12
Lowest value 20 20
Highest value 80 60
Standard 16.91 11.92
deviation
Variance 286.27 142.23

A pre-test was administered prior to the treatment to identify students’ initial abilities in Informatics
learning (Blanco et al., 2022). The descriptive statistics of the pretest scores are presented in Table 2. The
results indicate that the control class had a slightly higher mean score than the experimental class, suggesting
that students in the control group possessed marginally better initial knowledge. However, the relatively large
standard deviation in the control class reflects a wider dispersion of scores, indicating greater variability in
students’ initial abilities compared to the experimental class.

3.1.3. POST-TEST
Table 3. Data description posttest

Data statistic Control Experiment
Average 64.11 85.45
Lowest value 40 50
Highest value 90 100
Standard 15.2 10.63
deviation
Variance 231 113

The post-test was conducted to measure students’ learning outcomes after the implementation of the
instructional treatments (Siregar et al., 2023). As shown in Table 3, the experimental class achieved a
substantially higher mean posttest score than the control class. This finding indicates that students who learned
through problem-based learning supported by interactive multimedia demonstrated superior learning outcomes
compared to those who received conventional instruction. In addition, the lower standard deviation in the
experimental class suggests more consistent learning achievement among students.

3.2, PREREQUISITE TEST
Prerequisite tests in research are a series of tests conducted before performing the main analysis to
ensure that the data used meets the assumptions required by the statistical method to be applied. The purpose
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of prerequisite tests is to verify that the data meets the criteria required to use a particular analysis technique,
so that the results obtained are valid and can be interpreted correctly.

3.2.1. NORMALITY TEST
Table 4. Normality test result

Data Category Sig (0.05) Conclusion
Pretest Control 0.016 Abnormal
Experiment 0.016 Abnormal
Posttest Control 0.053 Normal
Experiment 0.001 Abnormal

Prior to hypothesis testing, prerequisite tests were conducted to ensure the appropriateness of the
statistical analysis. The results of the normality test using the Shapiro—Wilk method are summarized in Table
4 (Manik et al., 2023).

3.2.2 HOMOGENEITY OF VARIANCE
Table 5. Homogeneity of variance test result

Category Result Balance test Conclusion

Pre-test 0.007 0.007 <0.05 not
(Control vs. homogeneous
Experiment)

Post-test 0.03 0.03 <0.05 not
(Control vs. homogeneous
Experiment)

The findings reveal that most of the pretest and posttest data were not normally distributed.
Furthermore, the homogeneity of variance test using Levene’s test, as presented in Table 5, indicates that the
variances between the control and experimental groups were not homogeneous. These results justify the use of
non-parametric statistical tests in subsequent analyses (Zimmerman, 2014).

3.2.3 BALANCE TEST

To examine the equivalence of the groups before treatment, a balance test was conducted using the
Mann—-Whitney U test. As shown in Table 6, the pretest scores of both groups did not differ significantly,
indicating that the control and experimental classes were statistically balanced at the outset of the study (Akbar
et al., 2024).

Table 6. Balance test result

Result Balance test Conclusion
(data pre-test)
0.569 0.569 >0.05 Balance

33 HYPOTHESIS TEST
Table 7. Hypothesis test result

Result Mann-Whitney U Conclusion
test (data post-test)
0.000 0.000 < 0.05 The alternative
hypothesis is
accepted

Hypothesis testing was performed using the Mann—Whitney U test on the posttest scores due to the
non-normal data distribution. The results presented in Table 7 demonstrate a significant difference between the
two groups, leading to the acceptance of the alternative hypothesis. This finding confirms that the application
of problem-based learning integrated with interactive multimedia had a significant effect on students’ learning
outcomes.

3.4 N-GAIN TEST
Table 8. N-Gain test result

Category N-Gain N-Gain Conclusion
Control 0.3445 34% Increasing
moderately
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Experiment 0.7469 74% Increasing
higly

Finally, the magnitude of learning improvement was analyzed using the N-Gain test. As shown in
Table 8, the experimental class achieved a high N-Gain category, while the control class showed only a
moderate improvement. This result indicates that problem-based learning supported by interactive multimedia
was more effective in enhancing students’ learning progress than conventional learning methods.

3.5. ANALYSIS

Based on the results obtained from the pretest and posttest in the experimental and control classes, the
use of interactive multimedia and problem-based learning showed a significant effect on improving student
learning outcomes. In the experimental class that implemented the problem-based learning (PBL) model with
interactive multimedia, students experienced more consistent and significant improvements compared to the
control class that used conventional learning. This is reflected in the significant difference between the average
pretest and posttest scores in both classes.

The improvement in learning outcomes in the experimental class was also evident in the posttest score
distribution, which was more concentrated in the high score range (83-100), indicating the effectiveness of the
learning model used. In contrast, the more even distribution of posttest scores in the control class indicated
greater variation in student achievement. These findings align with the results of several studies on the impact
of interactive multimedia in learning, which show that multimedia can enhance student engagement and
facilitate a deeper understanding of the material (Setyowati et al., 2020; Turku, 2024).

The use of interactive multimedia not only makes the material more interesting, but also provides
opportunities for students to actively interact with the lesson material, thereby deepening their understanding.
This is in line with constructivist theory, which states that students learn better when they are actively involved
in the learning process (Cheuk et al., 2020; Kazmagambet et al., 2020).

The findings of this study have important practical implications for vocational high school (SMK)
teachers, particularly in supporting the implementation of the Merdeka Curriculum, which emphasizes student-
centered learning, competency development, and contextual problem solving. Problem-based learning
supported by interactive multimedia can be flexibly adapted to classroom settings with limited resources
through the use of simple multimedia tools, such as instructional videos, interactive PowerPoint presentations,
or free and open-source applications accessible via school devices or students’ personal smartphones. Teachers
can design authentic, work-related problems aligned with vocational competencies, enabling Informatics
learning to focus not only on conceptual understanding but also on the development of critical thinking and
problem-solving skills. Moreover, this approach aligns with the principle of differentiated instruction promoted
in the Merdeka Curriculum, as interactive multimedia allows students to learn at their own pace and according
to their individual learning styles. With careful instructional planning, the integration of problem-based
learning and interactive multimedia can be implemented incrementally without requiring costly technological
infrastructure, while simultaneously enhancing instructional effectiveness and improving students’ workplace
readiness.

4. CONCLUSION

This study reveals a significant difference in student learning outcomes in Informatics between the
experimental and control classes. Although the average pretest score of the control class was slightly higher
than that of the experimental class, the posttest results indicate a much greater improvement in the experimental
class. The experimental class achieved an average posttest score of 85.45, compared to 64.11 in the control
class. This significant improvement suggests that problem-based learning, when supported by interactive
multimedia, is more effective in enhancing student learning outcomes.

However, the difference in pretest scores between the two groups should not be interpreted as a
limitation of the study, but rather as an inherent characteristic of the quasi-experimental design employed.
Although the initial abilities of the groups were not fully equivalent, the substantial improvement observed in
the experimental group’s posttest scores provides strong empirical evidence of the positive impact of the
applied instructional approach. Furthermore, the high N-gain value of 74% achieved by the experimental class
indicates a significant learning improvement, thereby reinforcing the effectiveness of problem-based learning
integrated with interactive multimedia in enhancing student performance.

To further illustrate this improvement, a closer look at the distribution of posttest scores reveals that
the majority of scores in the experimental class concentrated in the higher score range (83—100), with the
frequency table (Table 2 and Table 3) clearly showing a higher percentage of students achieving scores above
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80 compared to the control class. This concentration in the higher score range reinforces the argument that the
use of interactive multimedia in problem-based learning helps students to better understand the material and
achieve higher learning outcomes.

In summary, while the groups were not balanced at the pretest stage, the posttest results, particularly
in the experimental class, demonstrate the effectiveness of the teaching method. The improvements observed
highlight the value of combining interactive multimedia with problem-based learning to enhance student
performance.

Future research is recommended to extend the scope of this study by involving larger and more diverse
samples across different schools and regions to enhance the generalizability of the findings. Subsequent studies
may also employ a true experimental design with randomized group assignment to further control initial ability
differences and strengthen causal inference. In addition, future investigations could explore the long-term
effects of problem-based learning supported by interactive multimedia on students’ problem-solving skills,
learning retention, and higher-order thinking abilities. Examining the integration of this approach with different
types of interactive multimedia and instructional technologies, as well as its application in other subject areas,
would also provide a more comprehensive understanding of its effectiveness in varied educational contexts.
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