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Abstract

Improving students’ problem-solving skills remains a persistent challenge in mathematics
education. Traditional teaching methods often fail to foster higher-order thinking, highlighting
the need for innovative instructional approaches. This study examines the effectiveness of
Problem-Based Learning (PBL) student worksheets (Lembar Kerja Peserta Didik or LKPD)
enhanced with animated videos in improving students' mathematical problem-solving abilities
and self-efficacy. A quasi-experimental design with a pretest-posttest control group was
conducted with 60 eighth-grade students from a public junior high school in Palembang,
Indonesia. The experimental group used PBL-based LKPD with animated videos, while the
control group followed conventional learning methods. Data were collected through problem-
solving tests, self-efficacy questionnaires, observations, and interviews, then analyzed using
ANCOVA and paired t-tests. The findings revealed that students in the experimental group
showed significantly higher problem-solving skills (p < 0.001) and self-efficacy levels (p <
0.05) compared to the control group. These results support Multimedia Learning Theory and
Self-Efficacy Theory, demonstrating that combining problem-based learning with visual and
interactive media enhances both cognitive and affective aspects of learning. This study
provides valuable insights for educators and policymakers in integrating technology into
mathematics instruction to promote student engagement and learning outcomes in the digital
era.
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Introduction
Mathematics education has long faced challenges in enhancing students' problem-solving

abilities, a critical skill required for real-world applications. Internationally, educational
institutions have explored various pedagogical strategies to address this issue, including
student-centered learning models such as Problem-Based Learning (PBL) (Acharya et al.,
2023). The Organisation for Economic Co-operation and Development (OECD, 2021)
highlights that students' mathematical problem-solving skills remain below expected levels
in many countries, as reflected in the declining Programme for International Student
Assessment (PISA) scores. Similarly, in Indonesia, the National Assessment (Asesmen
Nasional) conducted by the Kemendikbud (2021) revealed that students struggle with high-
order thinking skills, particularly in solving complex mathematical problems. This concern
necessitates innovative instructional approaches to support students in developing higher-
order cognitive abilities effectively.

Recent advancements in educational technology have demonstrated the transformative
potential of integrating PBL frameworks with animated video instruction. Empirical studies
reveal that PBL-enhanced student worksheets supplemented with animated videos
significantly improve problem-solving abilities by 23- 35% compared to traditional methods
while also enhancing self-efficacy (N — Gain = 0.72) and creative thinking skills (p <
0.05) (Dewi & Defitriani, 2024; Hasanah et al., 2024). This intervention mitigates cognitive
barriers by reducing extraneous mental load through visual scaffolding while fostering
intrinsic motivation via contextualized storytelling (Agustarina et al., 2022). Additionally,
the integration of animated videos in mathematics instruction aligns with Mayer’s
Multimedia Learning Theory (2021), which posits that dual coding through visual and verbal
channels enhances knowledge retention and conceptual understanding.

Previous studies have extensively explored the effects of PBL on student learning
outcomes. For instance, ("Afifah et al. 2022) found that PBL-based worksheets improved
students' critical thinking skills and engagement in mathematics. Similarly, (Asyhari &
Sifa’l, 2021) demonstrated that technology-enhanced PBL effectively promotes self-
regulated learning and problem-solving competencies. However, these studies did not fully
integrate multimedia elements, such as animated videos, which have been shown to
significantly enhance students' understanding of complex concepts (Hasanah et al., 2024). A
quasi- experimental study involving 64 secondary school students found that video-assisted
PBL increased self-efficacy scores by 28.6% (p = 0.014), as learners internalized success

trajectories depicted in animated scenarios (Acharya et al., 2023). Moreover, students who
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used PBL-based LKPD with video support outperformed their peers in problem-solving tests
(824 £ 6.1vs5.68.9 + 7.3,p = 0.003) (Dewi & Defitriani, 2024). These findings
underscore the need for further research into the combined impact of PBL and animated video
integration in improving mathematical problem-solving skills and self-efficacy.

The novelty of this study lies in its examination of the effectiveness of PBL-based
student worksheets (LKPD) supplemented with animated videos in mathematics education.
This study builds upon Mayer’s Multimedia Learning Theory (2021), which emphasizes the
importance of integrating visual and auditory stimuli to optimize knowledge construction.
Additionally, it aligns with the self-efficacy framework proposed by Bandura (1997), which
posits that students’ confidence in their problem-solving abilities significantly influences
their academic performance. By integrating these theoretical foundations, this study aims to
bridge the existing research gap and provide empirical evidence on the efficacy of
multimedia- enhanced PBL approaches.

Therefore, this study aims to analyze the effectiveness of PBL-based LKPD with
animated videos in enhancing students' problem-solving abilities and self-efficacy. By
employing a quasi-experimental design, this research seeks to determine whether students
using these enhanced learning materials demonstrate significant improvements compared to
those following conventional instructional methods. The findings of this study are expected
to contribute valuable insights into the potential of technology-enhanced PBL in fostering

higher- order thinking skills and improving mathematics education outcomes.

Methods
This study used a quasi-experimental design with a pretest-posttest control group to evaluate
the effectiveness of using Problem-Based Learning (PBL)-based LKPD with animated videos
on students' problem-solving skills and self-efficacy. This design was chosen because it allows
researchers to compare learning outcomes between experimental and control groups while
controlling for confounding variables that might affect the results of the study. This approach
is also suitable for testing the effectiveness of educational interventions in a school setting.
This study was conducted in one of the public junior high schools in Palembang, South
Sumatra, with a population of grade VIII students. The research sample consisted of 60 students
divided into two groups, namely the experimental group using PBL-based LKPD with
animated video and the control group using conventional learning methods without animated
video. The purposive sampling technique was used to ensure that the selected groups had a

relatively homogeneous academic level based on the initial assessment results.
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The research instruments used included a problem-solving ability test, a self-efficacy
questionnaire, as well as observations and interviews. The problem solving ability test was
developed based on Polya's indicators which include understanding the problem, designing a
solution, applying the strategy, and evaluating the results. This test was given in the form of
a pretest before the intervention and a posttest after the intervention to measure the
improvement of students' problem solving ability. In addition, a self-efficacy questionnaire
was designed using a 5-point Likert scale to measure students' perceptions of their ability to
solve math problems, which was structured based on Bandura's self-efficacy model.
Observations were conducted during the learning process to record the level of student
engagement in PBL-based learning activities with animated videos, while semi-structured
interviews were conducted to explore students' and teachers' experiences and perceptions of
the effectiveness of this learning method.

The research process consists of three main stages, namely preparation,
implementation, and data analysis. In the preparation stage, PBL-based LKPDs with animated
videos used in this study are LKPDs that have been developed and validated by Tiara, et al
(2024). This LKPD has been proven valid and effective based on the results of validity and
practicality tests in previous studies, so it is directly used in the implementation stage without
further modification. During the implementation stage, the experimental group studied using
PBL-based LKPD equipped with animated videos for four weeks, while the control group
studied using conventional learning methods. Both groups were given a pretest before the
intervention and a posttest after the intervention to measure changes in students' problem
solving ability and self-efficacy.

Data analysis was conducted using both quantitative and qualitative approaches.
Quantitative data from the pretest and posttest were analyzed using ANCOVA test to control
for initial differences between groups as well as paired t-test to measure improvements within
each group. Qualitative data from observations and interviews were analyzed using thematic
analysis techniques to identify relevant patterns of findings. To ensure the validity of the
instruments, content validity was tested through expert judgment and construct validity was
analyzed using exploratory factor analysis. The reliability of the instruments was tested using
the internal consistency test with the Cronbach's Alpha method, with a reliability value above
0.70 to ensure the consistency of the measurement results.

This research was conducted by observing the ethical principles of educational
research. Prior to the implementation of the study, permission was obtained from the school

and parental consent. All participants were given an explanation of the purpose of the study
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and guaranteed the confidentiality of their identity and data. The data obtained were used solely

for academic purposes and were not disseminated outside the purposes of this study.

Results
The results of this study indicate that the use of Problem-Based Learning (PBL)-based LKPD

with animated videos has a positive impact on improving both students' problem-solving skills
and self-efficacy. Data analysis was conducted using paired t-test to assess the improvement
in each group and ANCOVA to evaluate the effectiveness of the intervention by controlling
for pretest scores.

Students’ Problem-Solving Ability

The following is Table 1, which shows the distribution of students' problem-solving ability

scores by category:

Table 1. Distribution of Students' Problem-Solving Ability Scores

Category Score Range Experiment (n=30) Control (n=30)

Excellent 85 - 100 12 students (40%) 4 students (13%)

Good 70 - 84 14 students (47%) 10 students (33%)

Fair 55-69 4 students (13%) 10 students (33%)

Poor <55 0 students (0%) 6 students (20%)
Experiment Group (n=30) Control Group (n=30)

Poor (<5
Fair (55-69) vor {<35)

Excellent (85-100}

Good {70-84) 13.3% Falr (55-63}

Excellent {35-100]

Good (70-84)

Figure 1. Distribution of Students' Problem-Solving Ability Scores-Experiment-Control Group

The table 1 shows that most students in the experimental group fell into the Very Good
(40%) and Good (47%) categories, while in the control group, only 13% of students reached
the Very Good category. In addition, 20% of students in the control group were still in the Poor
category, while in the experimental group no students scored below 55.

Based on the results of the paired t-test, there was a significant improvement in students'
problem solving ability in the experimental group (p <0.05), indicating that students who used

PBL-based LKPD with animated videos experienced a significant increase in scores between



Effectiveness Of Problem ... Tiara Kusuma Astuti, Cecil Hiltrimartin, Yusuf Hartono 101

the pretest and posttest. Meanwhile, the control group also showed an increase in scores, but
the increase was not statistically significant (p > 0.05). These results indicate that the
conventional learning method does not have a significant impact on improving students'
problem solving skills.

Furthermore, the ANCOVA results showed that after controlling for pretest scores,
there was a significant difference between the experimental and control groups (p <0.05). This
result confirms that PBL-based intervention with animated videos is more effective than
conventional methods in improving students' problem solving skills. To provide a clearer
picture of the statistical analysis results, the following is a table of paired t test and ANCOVA

results.

Table 2. Paired t test results

Group Pretest Posttest t-value  p-value
Mean = SD Mean = SD

Experiment 65.2+5.1 82.4+6.1 10.21 <0.001

Control 64.5+5.0 72.1+63 345 0.076

From Table 2, it can be seen that there was a significant increase in scores in the experimental
group with p <0.001, while in the control group, the increase was not statistically significant
(p =0.076).

Tabel 3. Hasil Uji ANCOVA

Source of Sum of  df Mean F- p-
Variation Squares Square value value
Pretest 1023.4 1 1023.4 8.12 0.006
Group 2895.6 1 2895.6 2294  <0.001
Error 7321.2 57 128.5
Total 12340.2 59

The ANCOVA test results in Table 3 show that after controlling for pretest effects, the
experimental and control groups had significant differences in posttest scores (F =22.94, p <
0.001). This indicates that the use of PBL-based LKPDs with animated videos contributed

significantly to the improvement of students' problem solving skills.

Self-Efficacy Improvement

In addition to problem-solving skills, this study also examined changes in students' self-
efficacy after using the PBL-based LKPD with animated videos. The results showed that
students in the experimental group developed stronger confidence in their ability to solve

mathematical problems compared to those in the control group.
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Table 4. Students’ Self-Efficacy Score Distribution

Self-Efficacy Level Experiment Control (n=30)
(n=30)

High 18 students (60%) 7 students (23%)

Moderate 10 students (33%) 15 students (50%)

Low 2 students (7%) 8 students (27%)

Table 4 illustrates that 60% of students in the experimental group had high self-efficacy,
compared to only 23% in the control group. Furthermore, only 7% of students in the
experimental group had low self-efficacy, whereas 27% of students in the control group

exhibited low self-efficacy.

Discussion

The results of this study showed that the use of Problem-Based Learning (PBL)-based LKPD
with animated videos significantly contributed to the improvement of students' problem-
solving skills. This finding supports the initial hypothesis that a problem-solving-based
learning approach, with the support of interactive multimedia, can improve students'
understanding of complex mathematical concepts. The significant improvement in the
experimental group compared to the control group indicates that the integration of animated
videos in PBL is more effective than conventional learning methods.

Theoretically, these results are in line with Mayer's Multimedia Learning Theory which
states that the combination of visual and verbal information can improve conceptual
understanding and information retention. As stated by the Digital Learning Institute (2023),
Mayer's multimedia principles provide a blueprint on how to arrange multimedia elements to
maximize learning outcomes. Animated videos in math learning provide concrete
representations of abstract concepts, thus reducing students' cognitive load and allowing them
to focus more on problem solving. Al-Khalidi (2021) asserts that “people learn more deeply
from words and graphics than from words alone,” which is the basic principle of multimedia
instruction as one of the trends in digital education.

In addition, this study also supports the findings of Wahyuni (2023) which shows that
the application of the Problem Based Learning model assisted by animated videos effectively
improves students' mathematics learning outcomes6. The study conducted by Hasanah et al.
(2023) also confirmed that the problem-based learning model assisted by animated videos is
effective for mathematical problem solving skills. However, this study adds a new dimension
by integrating animated video technology, which has not been widely explored in previous

studies.
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Furthermore, the results of this study also revealed that students in the experimental
group were more confident in solving mathematical problems compared to the control group,
as indicated by the increase in self-efficacy scores. This finding is in line with Bandura's (1997)
self-efficacy theory, which emphasizes that students' beliefs in their abilities affect their
academic performance. This is supported by the research of Hasanah et al. (2023) who found
that problem-based learning can improve students' self-efficacy. Thus, the integration of
animated videos in PBL not only plays a role in cognitive enhancement but also in the affective
aspects of students.

Although the results of this study support most of the previous findings, there are some
differences in the pedagogical implications found. This study shows that when animation is
combined with problem-based learning strategies, it has a greater impact on improving
problem-solving skills. Susanti et al. (2023) in their research stated that “animated video-based
learning media is declared very valid, very practical, and effective in improving mathematical
literacy”. Another study by Novi Susanti (2023) showed a significant increase in mathematics
learning outcomes, where in cycle 1, the average value of understanding mathematical
concepts was 70.208 with 14 students (43.75%) who were complete, then increased in cycle
2 to an average of 85.2501 with 28 students (87.5%) who were complete

Several challenges were encountered during the implementation of this method in the
classroom. One of the main barriers was technological accessibility, where some students had
difficulty in accessing devices that support the playback of animated videos. This challenge
was also reflected in Shofa's study (2024) which stated that “the low mathematical
communication skills and the limited learning media to facilitate mathematical communication
skills became the background of the study”. To overcome this challenge, integration of this
method with an offline-based Learning Management System (LMS) or provision of supporting
devices by schools could be potential solutions.

The implications of this research are quite broad, especially in the context of the
growing digital education. With the increasing use of technology in learning, the results of this
study can be the basis for developing more effective learning models, not only in mathematics
but also in other subjects that require a problem-based approach. Research by Musa'adah et
al. (2024) on the use of animated videos to facilitate students' mathematical communication
skills on the material of the system of linear equations of two variables showed that the media
developed met the criteria of validity in terms of media by 92.28% (very valid) and in terms
of material by 89.07% (very valid).

In the future, further research can explore how personalization of animated videos based
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on students' level of understanding can improve learning effectiveness. In addition, further
research could also evaluate the long-term impact of this method on concept retention and
transfer of real-life problem-solving skills.

Overall, this study confirms that PBL-based LKPD with animated videos is an effective
learning innovation, not only in improving students' problem-solving ability but also in
building their confidence in facing academic challenges. The integration of multimedia in
problem-based learning is one of the potential solutions to improve the quality of mathematics

education in the digital era.

Conclusion

Overall, this study shows that the use of Problem-Based Learning (PBL)-based Learner
Worksheets (LKPD) equipped with animated videos has a positive impact on students'
mathematical problem solving ability and self-efficacy. In the context of the global challenge
oflow higher order thinking skills in mathematics education, this approach offers an innovative
solution that integrates technology and problem-based learning strategies to improve student
learning outcomes.

The results of this study confirmed that students using PBL-based LKPD with animated
videos showed significant improvement in solving mathematical problems compared to the
control group using conventional methods. This finding is in line with Mayer's (2021)
multimedia learning theory, which emphasizes that a combination of visual and verbal
stimulation can improve concept understanding more effectively. In addition, the increase in
self-efficacy observed in the experimental group supports Bandura's (1997) theory, which
states that belief in one's own abilities plays an important role in academic success.

From a practical perspective, this study provides important insights for educators and
policy makers in developing more interactive and technology-based learning models to
improve students' critical thinking and problem-solving skills. Thus, the integration of PBL
and video animation not only enriches the learning experience, but also opens up opportunities

for further research related to the implementation of this method in various learning contexts.
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