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Abstract

Background: The integration of technology in education has become
increasingly important in enhancing student engagement. Mathematics,
as a foundational subject, often requires innovative approaches to
improve  students' problem-solving skills and conceptual
understanding. Blended learning combines traditional and digital
methods, offering a flexible and effective solution for teaching complex
mathematical topics.

Aim: This research aims to develop valid, practical, and effective
learning media for teaching the topics of similarity and congruence,
enabling students to better understand these mathematical concepts.
The media is designed based on the Blended Learning approach.

Method: The development process follows the Plomp model, which
consists of three stages: (1) the initial investigation stage to identify
needs and context, (2) the product development stage where the media
is designed and refined, and (3) the assessment stage to evaluate its
validity, practicality, and effectiveness.

Results: The developed learning media was validated with a validity
score of 86.99, categorized as very valid. It also achieved a practicality
score of 87.01, indicating it is very practical, and an effectiveness score
of 83.33, categorized as effective.

Conclusion: Blended Learning-based media for teaching similarity
and congruence is a valid, practical, and effective tool that can enhance
students' understanding of the topics.

Education.

INTRODUCTION

The rapid advancements of the digital era have significantly influenced the education
sector in Indonesia, particularly in the teaching and learning processes. To adapt to these
changes, improving the quality of education through the integration of technology is
essential. Technology in education enables learning to occur beyond the limitations of
space and time, fostering active, creative, and engaging learning experiences for students
(Pratiwi & Silalahi, 2021). However, the shift from traditional teaching methods to
technology-based approaches is a gradual process that varies among teachers and schools
(Puspitarini, 2022). Observations in the field indicate that many schools still rely heavily
on conventional methods and lack the teaching tools or media necessary to support
technology-integrated learning.

Another challenge in the current education system is the low mathematical
problem-solving ability of students, which remains a significant concern. Research
conducted by Hermawati et al. (2021) on students at SMP Negeri 15 Palembang revealed
that the average percentage of students' mathematical problem-solving abilities fell into
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the low category. Similarly, a study by Ulfa et al. (2022) found that students' overall
mathematical problem-solving skills scored an average of 50.47, categorized as poor.
Specific problem-solving indicators, such as executing problem-solving plans and
interpreting solutions or conclusions, were identified as particularly weak. These findings
highlight the urgent need for effective strategies to enhance students' mathematical
problem-solving abilities in schools.

Expanding on these concerns, evaluations of students' mathematical problem-
solving skills at several schools have revealed ongoing challenges. For instance, tests
administered to class IX students at SMP Negeri 2 Pariaman, SMP Negeri 3 Pariaman,
and SMP Negeri 7 Pariaman indicated that their abilities were far from optimal. In
particular, less than 50% of students were able to solve problems as planned or review
their answers effectively. Such findings emphasize the urgent need for targeted strategies
to improve problem-solving skills, which are essential for equipping students to face the
complexities of a rapidly changing world. As a critical component of mathematics
education, problem-solving not only supports academic achievement but also fosters
lifelong skills that students can apply in various contexts (Ismayanty et al., 2024). To
overcome these issues, innovative teaching approaches tailored to students' needs in the
digital age are required.

Incorporating digital tools into mathematics instruction presents a viable solution,
especially for topics like congruence. Studies by Marthani & Ratu (2022) demonstrated
that technology-enhanced learning resources significantly improved student performance
in this area. Similarly, research by Kania et al. (2020) highlighted the effectiveness of
the Geogebra application in enhancing problem-solving skills related to congruence. A
promising instructional model to complement these tools is Blended Learning, which
integrates online resources with conventional classroom methods, offering a dynamic
and flexible learning experience. This approach has been shown to not only improve
academic outcomes but also nurture positive attitudes and behaviors among students
(Yulianti & Sulistiyawati, 2020). To address the identified gaps, this study proposes
developing a Blended Learning-based media solution focused on the topics of similarity
and congruence, aimed at improving students’ mathematical problem-solving abilities.

Blended Learning has been widely recognized for its ability to enhance student
engagement, improve learning outcomes, and provide flexibility in learning while
reducing educational costs (Komiir et al., 2023). Its implementation in mathematics
education, as shown in studies by Indrapangastuti et al. (2021), Pratiwi & Silalahi (2021),
Azimmah & Murtiyasa (2022), Yang & Rao (2022), and Ismayanty et al. (2024), has
demonstrated positive impacts on students. Additionally, technological tools such as
Articulate Storyline have proven effective in enabling accessible, flexible learning while
enhancing problem-solving skills and academic performance (Octavia et al., 2021;
Wahyuni et al., 2024). Other studies, including those by Salsabila & Pradipta (2021),
Waluyo & Nuraini (2021), and Handayani et al. (2022), emphasize the role of
technology-based media in developing students’ mathematical problem-solving abilities.
Moreover, specific topics like relations and functions (Setiyani et al., 2020), three-
dimensional geometry (Darmayanti et al., 2022), and quadratic equations (Carballo et al.,
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2022) have been effectively taught using technological approaches, further validating
their benefits. However, despite this growing body of research, there remains a gap in
studies that integrate digital learning media, the Blended Learning model, and the topic
of similarity and congruence to enhance mathematical problem-solving skills. This study
addresses this gap by developing Blended Learning-based media specifically designed
for similarity and congruence topics to improve students' mathematical problem-solving
abilities.

METHODS

Design:

This study is a development research project aimed at creating Blended Learning-based
instructional media for the topic of similarity and congruence to enhance students'
mathematical problem-solving skills. The research follows the development model
proposed by Plomp and Nieveen (2013), which comprises three main phases: the
preliminary phase, the development phase, and the assessment phase. The detailed
procedures of this research are illustrated in Figure 1 below.
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Figure 1. Research Procedure
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Participants:

The designed media was first validated by experts, including two Mathematics Education
lecturers as content validators, one Indonesian Language lecturer as a language validator,
and one Educational Technology lecturer as a design or appearance validator. Once the
media was deemed valid, product testing was conducted with six students, consisting of
two high-ability students, two medium-ability students, and two low-ability students.

Instruments:

The instruments used in this study include media validation sheets, practicality
questionnaires, and mathematics test instruments. The validation sheets, which had been
reviewed by two mathematics experts and one language expert, were utilized to assess
the validity of the developed media. Practicality questionnaires were distributed to six
students to evaluate the ease of use and applicability of the media, while the mathematics
test instruments were employed to measure its effectiveness.

Data Analysis:

The validation assessment by the validator of the designed media is guided by the validity
criteria modified from the validity category by Riduwan (2010) which can be seen in
Table 1 below.

Table 1. Validity Category

Percentage Range Category
255V <40 Invalid
40<V<SS Less Valid
55<VvV<70 Fairly Valid
70<V<8S Valid
85 <V <100 Very Valid

Based on the validity criteria above, it can be seen that the Blended Learning-based
learning media that has been designed in this research can be said to be valid if it meets
the criteria with a validity score > 70, namely the media is in the valid category.
Furthermore, to analyze the level of practicality of the designed media, it is assessed
based on the practicality category by Riduwan (2010) which can be seen in Table 2
below.

Table 2. Practicality Category

Percentage Range Category
25<P <40 Impractical
40<P <55 Less Practical
55<P <70 Quite Practical
70<P <85 Practical
85 <P <100 Very Practical

The practicality of the Blended Learning-based learning media developed in this
study is evaluated using specific criteria. According to the standards outlined, the media
can be considered practical if it achieves a practicality score of > 70, placing it in the
"practical" category. This score indicates that the media is sufficiently user-friendly and
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suitable for the intended audience. Furthermore, the effectiveness of the designed media
is analyzed by referring to the effectiveness categories established by Riduwan (2010),
which provide a comprehensive framework for assessing whether the media achieves its
educational objectives. These categories, detailed in Table 3 below, serve as a benchmark
for determining the success of the media in enhancing students' learning experiences and
outcomes. By applying these criteria, this study aims to ensure that the developed media
is not only practical for implementation but also effective in improving students'
mathematical problem-solving skills.

Table 3. Effectiveness Category

Percentage Range Category
25<E<40 Ineffective
40<E<S5S Less effective
S55<E<T70 Effective enough
70<E <85 Effective
85 <E <100 Very Effective

Based on the effectiveness criteria above, it can be seen that the Blended Learning-
based learning media that has been designed in this research can be said to be effective
if it meets the criteria with an effectiveness score > 70, namely the media is in the
effective category.

RESULTS AND DISCUSSION

Result

This research uses a development model by Plomp which consists of three stages, namely
the initial investigation stage, the product design stage and the assessment stage. At the
initial investigation stage, needs analysis, curriculum analysis, concept analysis and
student characteristics analysis were carried out. The results of the initial investigation
show that there is a need for learning media that can assist in learning and can improve
students' mathematical problem solving abilities.

The next stage carried out is the product design or manufacturing stage. The
product designed is a Blended Learning-based learning media to improve the
mathematical problem solving abilities of class IX SMP students on the topic of
similarity and congruence. Learning media designed using Articulate Storyline so that it
can be easily accessed from students' smartphones. The designed learning media consists
of several pages with various components, such as the title and purpose of the media,
student identity, basic competencies, did you know, learning objectives, instructions for
use, materials, examples and practice questions. The designed learning media can be seen
in Figure 2 and Figure 3 below.
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Figure 3. Material, examples and practice questions on learning media

The media that has been designed is then given to the validator to be validated both
in terms of content, appearance and language used. After being validated by the validator,
improvements are made to the media with adjustments based on suggestions from the
validator. The results of media validation by validators can be seen in table 4 below.

Table 4. L earning Media Validation Results by Validators

No. Aspects Assessed Percentage Category
1. Content Aspect 84,38 Valid
2. Language Aspects 95,83 Very Valid
3.  Display Aspects 80,77 Valid
Overall Average 86,99 Very Valid
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Based on Table 4, the results of validation of learning media by validators for the
content aspect have a valid category, for the language aspect have a very valid category,
and for the display aspect have a valid category. Overall the learning media developed
has a score of 86.99 with a very valid category. Next, valid learning media is tested on
students. After the trial was carried out, students were given practicality questionnaires
and tests and obtained results as in Table 5 and Table 6.

Table 5. Practicality Questionnaire Results

No Aspects Assessed Percentage Category
1 Can be Used 88,33 Very Practical
2 Easy to Use 88,89 Very Practical
3 Interesting 89,58 Very Practical

4 Efficient 81,25 Practical
Overall Average 87,01 Very Practical

Table 6. Recapitulation of Test Results

Student Test Scores Description
S1 70 Complete
S2 82,5 Complete
S3 67,5 Not Complete
S4 77,5 Complete
S5 87,5 Complete
S6 77,5 Complete

Based on table 5, it was found that the learning media that was tested met the very
practical category with a practicality value of 87.01. Furthermore, table 6 also shows that
there are five students who meet the school's minimum completion criteria, namely 70
or have a completion percentage of 83.33%. This means that the learning media designed
is effective in improving students' mathematical problem solving abilities.

Discussion
The research product, in the form of Blended Learning-based media for teaching
similarity and congruence, underwent rigorous validation processes to ensure its quality.
Validation was conducted from three key aspects: content, language, and appearance.
The results indicated that the learning media achieved a "very valid" category, signifying
that the content aligns with curriculum standards, the language used is clear and
accessible to students, and the visual design supports effective learning. According to
Nieveen (2013), validity is a critical factor in ensuring that educational tools meet
pedagogical goals and are relevant to learners' needs. This emphasizes the importance of
rigorous validation processes in the development of instructional media to ensure their
effectiveness and alignment with educational objectives.

In addition to its validity, the research findings show that the media fulfilled the
"practical" category for use in learning environments. Practicality, as defined by Plomp
and Nieveen (2013), reflects the ease of use and adaptability of a product in real
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classroom settings. The practicality score, supported by students' feedback, suggests that
the media is user-friendly and facilitates a smooth learning experience. The interactive
elements within the media allow students to engage more actively with the material,
which aligns with findings from Mayer (2014), who emphasized the importance of
interactive learning environments in improving student outcomes. This underscores the
value of integrating interactive features into educational tools, as they not only enhance
student engagement but also foster deeper understanding and retention of the material.

Furthermore, the teaching media was tested with students of varying abilities, and
the results revealed that it was effective in improving their mathematical problem-solving
skills. This aligns with prior studies, such as those by Wahyuni et al. (2024), which
demonstrated that technology-based learning tools enhance problem-solving abilities by
allowing students to visualize and interact with abstract mathematical concepts. The
students reported that the media made learning more engaging and helped them revisit
and reinforce previously learned material. This is consistent with the theory of retrieval
practice (Karpicke & Roediger, 2008), hich highlights that repeated exposure to content
aids in long-term retention and understanding. Such findings reinforce the need to design
learning media that enable students to revisit and review material independently,
ensuring sustained academic progress and mastery of concepts over time.

Several factors contributed to this effectiveness. Firstly, the structured design of
the media allows for step-by-step guidance in solving mathematical problems, which
helps students develop a systematic approach to problem-solving. This aligns with the
findings of Mayer (2014), which emphasize that guided instruction in multimedia
learning fosters deeper cognitive engagement. Secondly, the integration of interactive
visual elements, such as animations and diagrams, played a significant role in helping
students grasp abstract concepts like similarity and congruence. These features not only
enhance students' conceptual understanding but also support cognitive load reduction, as
suggested by Sweller's (1994) Cognitive Load Theory. By minimizing unnecessary
mental effort, the media enables students to focus on the core mathematical processes.
Thirdly, the inclusion of problem-based learning scenarios encourages students to apply
mathematical concepts to real-life situations. This approach helps bridge the gap between
theory and application, making the learning experience more meaningful (Wijnia et al.,
2024). Problem-based learning enhances students' analytical and critical thinking skills,
which are crucial for solving complex mathematical problems.

Additionally, the media promotes active engagement by allowing students to
explore and experiment with different problem-solving strategies. This interactive nature
fosters deeper involvement in the learning process, which is critical for retaining
knowledge and building problem-solving confidence. The effectiveness of such active
learning methods has been highlighted in research by Theobaldet al., (2020), which
shows that active learning significantly improves students' academic performance
compared to traditional methods. This highlights the importance of incorporating active
learning strategies in classroom practices to enhance student engagement and achieve
better academic outcomes.
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Implication

The Blended Learning-based learning media designed in this article meets the valid,
practical and effective categories for use in learning, so it is hoped that it can be used
sustainably, especially in delivering congruency and congruence material.

Limitation and Suggestion for Further Research

The researchers had limited time and energy so this research produced Blended Learning-
based learning media which only focused on the topics of similarity and congruence.
Learning media is also designed only to improve one of the mathematical abilities,
namely students' mathematical problem solving abilities.

CONCLUSIONS

The blended learning-based instructional media developed in this study has been proven
to be valid, practical, and effective for teaching mathematics to ninth-grade students on
the topics of similarity and congruence. This media aligns with student curriculum
standards and demonstrates the potential to serve as a valuable tool for educators seeking
to integrate technology into their teaching practices. Future research is encouraged to
explore the development of similar instructional media for other mathematical topics and
to investigate its long-term impact on students' academic achievement and engagement
across diverse educational settings.
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