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Mastery of mathematics is essential for developing critical thinking skills; 
however, many students still struggle in this area. This study evaluated the 
effectiveness of Android-based interactive multimedia, MatHub: Pattern8 
Edition, in enhancing critical thinking within PjBL using a STEM approach. The 
research took place at SMP Negeri 4 Bandar Lampung in the 2024/2025 
academic year, employing a quantitative approach with a Pretest-Posttest 
Control Group Design. Using cluster random sampling, class VIIIC with 32 
students was assigned as the experimental group, while class VIIIF with 33 
students served as the control group. Data collection techniques included 
questionnaires, interviews, critical thinking assessments, observation checklists, 
and supporting documentation. The results showed a significant improvement 
in critical thinking skills among students using MatHub compared to those 
applying discovery learning without multimedia. Overall, integrating MatHub in 
PjBL-STEM improved learning quality, motivation, and student participation, 
offering an effective alternative for enhancing mathematical thinking 
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INTRODUCTION 

Mathematics is recognized not just as a field dominated by abstract symbols, numbers, and 
formulas, but as a universal language that interlinks various scientific disciplines (Agus & Fitriani, 
2019). Mastery of mathematics equips students with critical tools to navigate 21st-century 
challenges, enhancing cognitive abilities and fostering essential modern skills. Therefore, every 
student must develop critical thinking skills (CTS) (Aulia & Yuliani, 2023; Kertiyani et al., 2023; 
Rohmah et al., 2023). Critical thinking is a key competency developed through mathematics, 
enabling students to apply concepts effectively, solve problems, and approach challenges 
systematically (Shaw et al. 2020). Those who possess strong CTS can distinguish between relevant, 
irrelevant, and unnecessary information (Nur et al., 2024). Critical thinkers view mathematics not 
merely as a collection of facts and operations, but as a problem-solving process that demands 
deeper analysis (Purwati et al., 2016). This perspective not only deepens their grasp of 
mathematical ideas but also nurtures independence, openness to diverse viewpoints, and the 
ability to devise innovative solutions (Arisoy & Aybek, 2021; Pradana & Noer, 2023). 

Fostering students' critical thinking in mathematics remains a challenge due to limited school 
initiatives. According to the 2022 PISA results by the OECD, Indonesia ranked 70th out of 81 
countries in mathematics, an improvement of five places from the previous cycle, yet still below the 
OECD average. This suggests that the level of mathematical critical thinking skills among 
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Indonesian students has not yet reached a high standard (Nurlaeli et al., 2018). Students continue 
to face difficulties in solving problems that require the ability to formulate (Dasaprawira & Susanti, 
2019) and interpret problems mathematically (Maslihah et al., 2020), as well as to develop 
appropriate problem-solving strategies (Korkmaz & Alkan, 2023). 

This issue is evident in research at SMP Negeri 4 Bandar Lampung, where 95.24% of students 
were found to have low or very low critical thinking skills. The preliminary study revealed that 
most students struggle to identify key problems and explore alternative solutions in essay 
questions, indicating that learning quality remains suboptimal. While students are highly interested 
in mathematics and educational media, there is still a lack of innovation in using technology, 
particularly multimedia tools to enhance learning. Many students also underutilize their Android 
devices for supporting mathematics learning, despite widespread access. To address this challenge, 
the development of effective learning media is crucial to support the success of mathematics 
education (Amelia et al., 2022). Learning media can serve as an efficient tool to present information 
visually and interactively, enhancing students' understanding and engagement. Specifically, 
learning media can present material more visually and interactively; Stimulate students' thinking, 
emotions, attention, and interest (Fitrianti et al., 2020); and provide simulations, demonstrations, 
or interactive exercises that help develop specific physical or cognitive skills required for problem-
solving.  

The implementation of learning media in mathematics is widely recognized as an effective 
means of enhancing mathematical thinking. Numerous efforts have been made to design and 
develop a variety of learning media, including e-books (Al-Astal & Zaydah, 2015; Pramasdyahsari et 
al., 2023; Shatat et al., 2017), e-modules (Hadiyanti et al., 2021; Purwoko et al., 2023), worksheets 
(Astuti et al., 2017; Prayitno et al., 2021), interactive comics (Risti, 2021; Tay et al., 2024), and 
videos (Schoenfeld, 2017; Ulusoy & Çakıroğlu, 2018). These resources are carefully designed to 
encourage students to develop critical thinking skills by understanding and applying mathematical 
concepts. Consequently, such media provide a strong foundation for cultivating the critical thinking 
abilities essential for mathematics learning. The integration of technology in learning media 
involves multimedia, which combines multiple media elements (Supardi et al., 2018; Muhammad & 
Angraini, 2023). Multimedia enables active participation from both teachers and students, 
enriching mathematics instruction through visual and practical approaches. This dynamic method 
helps link mathematical concepts to real-life contexts, thereby enhancing students' critical thinking 
skills. 

In addition to the advantages offered by multimedia in promoting critical thinking, the use of 
appropriate instructional models is equally crucial for enhancing students’ cognitive development. 
One effective model is Project-Based Learning (PjBL). As highlighted by Barrows and Tamblyn, 
Wiratman et al. (2023), PjBL encourages critical thinking by actively involving students throughout 
the learning experience. Grant (2002) PjBL is an effective instructional model for fostering 
students’ critical thinking abilities. Also emphasizes that PjBL is a powerful approach for 
developing students’ critical thinking skills. In this model, teachers serve as facilitators, guiding 
students, offering constructive feedback, monitoring engagement levels, and ensuring that project 
tasks are both relevant and meaningful (Pratiwi et al., 2020). The PjBL model typically begins with 
a central question and culminates in the creation of a product (Fadilah et al., 2023). The outcomes 
of these projects, achieved collaboratively, often result in tangible products and memorable 
experiences for students (Kokotsaki et al., 2016). 

As Prabawati & Agustika (2020) stated, the integration of the PjBL model with the STEM 
(Science, Technology, Engineering, and Mathematics) approach can significantly increase its 
effectiveness. Both PjBL and STEM share common goals and features, as they encourage students to 
address real-world problems by producing tangible solutions or technological innovations (Herlita 
et al., 2023). The STEM integrates these four disciplines into a cohesive framework aimed at 
developing students' knowledge and skills (Chamidah, 2023). Prior studies have demonstrated that 
engaging students in challenging STEM-based projects naturally fosters critical thinking (Wiratman 
et al., 2023). The integration of PjBL-STEM emphasizes a systematic design process for solving 
problems with well-defined outcomes. This approach trains and enhances students' critical 
thinking abilities by leveraging the interconnectedness of the four STEM disciplines. Previous 
studies Priatna et al. (2020) and Allanta & Puspita (2021) have primarily explored PjBL-STEM as a 
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broad educational strategy but have not specifically examined its implementation in mathematics 
education alongside multimedia learning tools and its impact on critical thinking skills. 

This research seeks to fill a gap in existing studies by combining the PjBL model with a STEM 
approach and Android-based interactive multimedia. Its novelty lies in the focused implementation 
of the PjBL-STEM framework within mathematics education, highlighting the development of 
critical thinking through real-world problem-solving tasks. Additionally, this study introduces an 
innovative instructional framework that combines the PjBL-STEM approach with interactive 
features of Android-based interactive multimedia applications, such as simulations, real-time 
feedback, and multimedia content, offering a unique contribution to the existing body of research. 
By addressing these unexplored aspects, this research provides state-of-the-art insights into the 
practical implementation of PjBL-STEM in enhancing critical thinking in mathematics. Accordingly, 
the primary objective of this research is to examine the effectiveness of Android-based interactive 
multimedia in improving students’ critical thinking skills within PjBL-STEM. 
 

METHOD 

This research was carried out using a descriptive method within a quantitative design. A 
quantitative-descriptive method involves processing data in the form of numerical values or 
percentages to derive comprehensive conclusions (Suardani et al., 2023). The research design 
adopted an experimental framework, specifically the Pretest-Posttest Control Group Design. This 
design was selected to assess the effectiveness of the implemented learning media, as presented in 
Table 1. 
 

Table 1. Pretest-Posttest Control Group Design 
Class Pre-test Treatment Post-test 

Experimental  𝑂1 𝑋1 𝑂2 
Control 𝑂1 𝑋2 𝑂2 

 

The treatment for the Experimental group (𝑋1) involved a PjBL-STEM approach, utilizing 
Android-based interactive multimedia. The researcher applied the STEM Embedded approach in 
this treatment, as it focuses on enhancing learning by integrating the core subject (mathematics) 
with other interconnected or less emphasized subjects. Conversely, the second treatment (𝑋2) 
involved conventional teaching methods without the use of Android-based interactive multimedia. 
The sequence of the research process, from preparation to data analysis, is illustrated in Figure 1, 
providing a visual overview of the procedural steps in this study. 

 

 
 

Figure 1. Research Flowchart 
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The study took place at SMP Negeri 4 Bandar Lampung, targeting all eighth-grade students 
enrolled during the Odd Semester of the 2024/2025 academic year as the research population. The 
sample was selected through a cluster random sampling method, where entire classes were chosen 
at random rather than individual students. As a result, class VIIIC (n = 32) was assigned as the 
experimental group, and class VIIIF (n = 33) as the control group. The main focus of the study was 
on students' critical thinking abilities, with additional attention given to the implementation quality 
of PjBL in mathematics. 

Research instruments included a critical thinking skills test and an observation sheet 
designed to assess the implementation of the learning process, the latter employing a Guttman 
scale. The critical thinking test consisted of four essay-type questions on the topic of number 
patterns. Before the implementation, the test items were validated by experts and subjected to item 
analysis, which included validity, reliability, difficulty level, and discrimination power tests. The 
observation sheet, aligned with the lesson plan in the teaching module, was designed to evaluate 
the learning process. An independent observer (a mathematics teacher with experience in 
observation and assessment) completed this sheet to assess the researcher's teaching competence 
during the learning sessions. 

Data analysis commenced once all student responses had been gathered. To test the research 
hypothesis, an Independent Samples T-Test was employed, followed by the calculation of Cohen’s d 
to evaluate the effect size and determine the practical relevance of the results. Furthermore, a 
proportion test was carried out to provide additional insights into the data. 
 

RESULTS AND DISCUSSION 

The Android-based interactive multimedia, implemented in PjBL with a STEM approach, is 
the 'MatHub: Pattern8' software. Developed by the researcher, this application has been validated 
for its validity, based on content and media feasibility, and its practicality, assessed through ease of 
use and user engagement. The results of these tests demonstrate that the “MatHub: Pattern8” is 
both feasible and practical for use as a mathematics learning medium. The Application can be 
accessed and downloaded through the following link: https://bit.ly/mathubpattern8. Figure 2 
shows a screenshot of the application. 

 

 
 

Figure 2. MatHub App Home View 
 
In the initial phase, the teacher instructs students to install and launch the Android-based 

interactive multimedia “MatHub: Pattern8” which will serve as the primary teaching material 
throughout the lesson. The teacher also presents a problem designed to form the basis for students 
to address the guiding questions that will be provided. Subsequently, students are organized into 
groups to engage in the PjBL process with a STEM approach. During this phase, students are 

https://bit.ly/mathubpattern8
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introduced to the functionalities of the Android-based interactive multimedia, including navigating 
menus, selecting learning modules, and accessing materials relevant to the topic under study. The 
Android-based interactive multimedia serves as a complementary tool, enhancing the appeal of 
learning materials and supporting the PjBL process effectively. The following figure 3 shows 
students using the application. 

 

 
 

Figure 3. Students are opening MatHub 
 
Students open the “Activity Guide” menu in MatHub and collaborate in their groups to work 

on Task 1, using the answer sheet provided by the teacher. The teacher provides guidance to 
students in carrying out project activities. At one point, students engage in discussions to identify 
problems and design solutions to address them. Consistent with Hacıoğlu & Gülhan (2021)this, 
students continuously seek the truth to find the best solutions during the project-based learning 
process. In doing so, they consistently consider the perspectives of their group members. This 
activity is seen in Figure 4. 

 

 
 

Figure 4. Students Carry Out Project Activities 
 

In Figure 4, students carry out project activities that integrate elements from the fields of 
science, technology, engineering, and mathematics according to a predetermined schedule, with 
guidance from the teacher, following the steps provided in the MatHub application. This activity is 
designed to develop students' critical and collaborative thinking skills by utilizing the interactive 
features available in the application. Students are encouraged to identify patterns, solve problems 
independently, and discuss their findings with their group members. The teacher's role during this 
phase focuses on providing clear instructions, answering student questions, and ensuring active 
participation from all students throughout the learning process. 
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During the learning activities, the implementation of MatHub within the PjBL-STEM approach 
was monitored using an observation sheet. This sheet was completed by a mathematics teacher 
who served as the observer, documenting the process from the beginning to the end of the 
instructional session by the prepared teaching module. The observer assessed each component of 
the learning implementation by marking the relevant rows and columns on the sheet. A Guttman 
scale was employed for the evaluation, offering binary response options: 'Yes' or 'No.' The data 
collected through this instrument were then used to determine the extent to which the PjBL-STEM 
was implemented during instruction, as summarized in Table 2. 
 

Table 2. Implementation of the PjBL-STEM Approach 
Learning Implementation Score 

Average 
I II III IV V 

Pre-test 94% 74% 98% Post-test 88% 
 

As shown in Table 2, the overall implementation of the learning process reached 88%, which 
falls within the 'good' category. This suggests that the majority of instructional stages were 
executed effectively under the planned teaching design. Nevertheless, despite this favorable 
implementation level, certain aspects still require refinement to achieve optimal instructional 
delivery. Specifically, improvements are needed in encouraging students to respond confidently 
and directly during discussions, as well as in ensuring that all ideas and contributions from group 
members are systematically documented. Following the analysis of the learning implementation, 
the subsequent section presents the results of students’ critical thinking assessments, both pre-test 
and post-test for the experimental and control groups, as shown in Table 3. 
 

Table 3. Descriptive Statistical Test Results 

Class 
Description 

N Minimum Maximum Mean Std. Deviation 

Experimental  
Pre-Test 32 9,375 56,250 28,27 9,0184 
Post-Test 32 46,875 100 80,61 15,0177 

Control 
Pre-Test 33 3,125 40,625 18,89 9,3535 
Post-Test 33 31,250 100 50,91 16,8876 

 
As presented in Table 3, the post-test results of the Experimental group surpass those of the 

Control group in terms of average, maximum, and minimum scores. The higher maximum score 
achieved by the Experimental group suggests that some students attained a deeper level of 
understanding. To further validate this finding, an N-Gain analysis was performed. This involved 
examining the pre-test and post-test results related to students' mathematical critical thinking 
skills to determine the degree of improvement between the group exposed to interactive 
multimedia integrated with the PjBL-STEM approach and the group taught through conventional 
methods. The resulting g-values derived from both groups’ test scores are displayed in Table 4. 

 
Table 4. Interpretation of N-Gain on Students' Critical Thinking Skills 

Class N-Gain Average Interpret Std. Deviation 
Experimental  0,75 High 0,18174 

Control 0,45 Medium 0,19966 
 

As presented in Table 4, the results of the N-Gain analysis for critical thinking skills reveal 
that the experimental group attained an average score of 0.75, falling within the high category. In 
contrast, the control group achieved an average N-Gain score of 0.45, which is classified as 
moderate. Despite these averages, individual differences were evident in both groups. Some 
students in the experimental group experienced substantial improvements, while others 
demonstrated more modest progress. Likewise, the control group displayed a range of outcomes, 
suggesting that the instructional impact varied among students. The higher N-Gain in the 
experimental group indicates that the applied instructional strategy effectively enhanced students’ 
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critical thinking and had a meaningful educational impact. These findings align with previous 
studies underscoring the value of active learning in promoting critical thinking. Specifically, this 
result supports the findings of Amin & Sholihah (2024), who noted improvements in students’ 
critical thinking following the implementation of PjBL-STEM in the experimental group, alongside 
conventional instruction in the control group. 

Before performing hypothesis testing, it is crucial to verify that the critical thinking data fulfill 
the statistical assumptions required for such analysis. These preliminary tests include the 
normality test, which determines whether the data are normally distributed, and the homogeneity 
test, which assesses whether the variances between groups are equal. In this study, the Shapiro–
Wilk test was used to evaluate normality, and the results are shown in Table 5. 

 
Table 5. Normality Test Results 

  Sig. Significance Level Description 

Students' 
Critical 

Thinking 
Ability 

Experimental Pre-Test 0,242 0,05 Normal Data 
Experimental Post-Test 0,057 0,05 Normal Data 
Experimental N-Gain 0,087 0,05 Normal Data 
Control Pre-Test 0,244 0,05 Normal Data 
Control Post-Test 0,103 0,05 Normal Data 
Control N-Gain 0,358 0,05 Normal Data 

 
Table 5 presents the significance (Sig.) values for the Pre-test, Post-test, and N-Gain scores in 

both the experimental and control groups, all of which exceed the 0.05 threshold. These results 
indicate that the data for each variable follow a normal distribution, fulfilling the assumption of 
normality. With this requirement satisfied, the next step involves conducting a homogeneity test to 
determine whether the variances between the two groups are statistically similar. The outcomes of 
this test are detailed in Table 6. 

 
Table 6. Homogeneity Test Results 

 
Levene 
Statistic 

df1 df2 Sig. 

Students' Critical Thinking 
Ability 

Based on Mean 0,032 1 63 0,860 
Based on Median 0,009 1 63 0,924 
Based on Median and with 
adjusted df 

0,009 1 56,631 0,924 

Based on trimmed mean 0,009 1 63 0,923 
 

Table 6 shows a significance (Sig.) value of 0.860, which is above the 0.05 threshold, 
indicating that the variances in students' critical thinking scores are homogeneous. This result 
confirms that the pre-test and post-test data from both the experimental and control groups meet 
the required assumptions of normality and homogeneity. With these conditions satisfied, the 
analysis moves forward to hypothesis testing using the Independent Samples T-Test, with the 
outcomes detailed in Table 7. 

 
Table 7. Independent Sample T Test Results 

 t df Sig. (2-tailed) 
Equal Variances Assumed 5.713 63 .000 

 
Referring to Table 7, the Sig. (2-tailed) value of 0.000 falls below the 0.05 significance level, 

indicating a statistically significant difference in outcomes. The integration of interactive 
multimedia within the PjBL-STEM approach proved more effective than the discovery learning 
model in enhancing students’ critical thinking abilities on number pattern material. This finding is 
relevant to eighth-grade students at SMP Negeri 4 Bandar Lampung during the 2024/2025 
academic year.  

Next, the effect size, as measured by Cohen's d, is 0.018586, indicating a weak effect. This 
finding implies that the practical effectiveness of the applied learning method remains limited, 
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meaning its impact on students’ critical thinking development is not substantial. Thus, although the 
study results indicate a significant difference, adjustments are necessary to ensure that this 
approach delivers more meaningful benefits in improving students’ critical thinking skills. The last 
is the analysis of the proportion test on critical thinking ability data in the experimental class. The 
following are the results of the proportion test for the critical thinking ability data in Table 8. 

 
Table 8. Critical Thinking Ability Data Proportion Test Results 

 Category N Observed Prop. Test Prop. Exact Sig. (1-tailed) 

Group 1 ≤ 74,99 10 0,3 0,4 0,205a 

Group 2 > 74.99 22 0,7   
Total  32 1.0   

 
Table 8 illustrates that the overall mastery of student learning outcomes at SMP Negeri 4 

Bandar Lampung exceeded the 60% benchmark after applying the PjBL-STEM. This outcome 
demonstrates the model’s effectiveness in promoting essential 21st-century skills, particularly in 
enhancing students’ critical thinking, creativity, and collaboration. 

In this research, the use of Android-based interactive multimedia offers a dynamic and 
engaging platform that complements the PjBL-STEM by providing students with access to 
simulations (De Freitas, 2018; Jagodzinski et al., 2014), visualizations (Fan et al., 2023), and 
interactive activities (Soares et al., 2020) that are not easily achievable with traditional teaching 
methods.. The interactive nature of the multimedia promotes student initiative (XiangXu et al., 
2024), allowing them to explore STEM concepts independently while receiving immediate feedback 
on their progress. For instance, in the context of project-based tasks, Android-based tools can 
provide interactive tutorials, problem-solving simulations, and virtual experiments that enhance 
students' understanding and critical thinking. Additionally, the portability and accessibility of 
Android devices ensure that students can collaborate effectively during group discussions. 

When integrated within the PjBL-STEM, Android-based interactive multimedia enhances the 
effectiveness of instruction by providing students with more personalized and engaging learning 
experiences. The findings of this study are consistent with Bulu & Tanggur (2021)those who 
reported that the implementation of PjBL-STEM is effective in fostering critical thinking skills. 
Through the integration of science, technology, engineering, and mathematics within a project-
oriented structure, students are afforded opportunities to apply theoretical concepts to real-world 
challenges. Giang (2021), further supports this approach, noting that PjBL promotes student 
initiative, critical thinking, and collaborative group discussions. Similarly, Chistyakov et al. (2023) 
highlight that this instructional model empowers learners to translate their ideas into practice, 
thereby encouraging deeper and more meaningful learning. Unlike traditional didactic methods, 
PjBL-STEM positions students as active participants in the learning process, which in turn enhances 
their cognitive development by requiring them to analyze, evaluate, and synthesize information 
while completing authentic projects. 

PjBL-STEM, through the use of MatHub, is more effective in enhancing students’ critical 
thinking skills, particularly in the context of number pattern material. These findings align with 
those of Khoiriyah (2018) who reported that the STEM approach is more effective in developing 
critical thinking abilities compared to the discovery learning approach. The PjBL-STEM, which 
focuses on real-life problems, can enhance students' sense of responsibility (Connors-Kellgren et 
al., 2016). By engaging with authentic, context-based tasks, students are able to connect what they 
learn in the classroom to the world around them. This sense of relevance, combined with the 
opportunity to approach problems from the perspective of scientists or engineers (Baran et al., 
2021), motivates students to take ownership of their learning. The model’s emphasis on active 
engagement not only improves critical thinking skills but also cultivates a sense of purpose and 
responsibility, preparing students to tackle future challenges with confidence and competence. 

There are several factors in the field that make the "MatHub" application different from other 
digital learning tools. First, MatHub provides interactive exercise simulations that allow students to 
test their understanding of number pattern material easily and frequently (Roesler & Dreaver‐
Charles, 2018) , and allow students to solve interactive problems on their mobile devices (Deb et al., 
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2014). Second, MatHub allows students to work on project-based tasks, such as a group project 
where they determine number patterns based on objects from everyday life, which are presented 
within the MatHub application. Students are also tasked with creating their number patterns using 
magnetic tools, arranging them to form specific numerical sequences. The project-based learning 
activities implemented through the PjBL-STEM challenge students to think critically, make 
predictions, and draw conclusions based on the data they gather and analyze. Such activities offer 
significant benefits by enabling students to grasp mathematical concepts through meaningful and 
contextualized learning experiences (Andriani et al., 2023; Rahmania, 2021). Furthermore, the 
incorporation of MatHub into this framework aligns with the STEM approach, which blends science, 
technology, engineering, and mathematics. This integration not only supports a more 
comprehensive understanding of number patterns through interdisciplinary perspectives but also 
motivates students to explore supplementary information that strengthens their conceptual grasp 
(Pamungkas et al., 2019). 

 
LIMITATIONS 

This study acknowledges several limitations that may have influenced the findings. First, the 
scope of this research was restricted to a specific set of number patterns, which may limit its 
applicability to broader mathematical concepts. Additionally, some students encountered 
difficulties in accessing MatHub on older devices, potentially affecting their engagement with the 
platform’s interactive features. The study also involved a relatively small sample size from a single 
school, which may restrict the generalizability of the results to other educational contexts. 
Moreover, this study does not account for potential biases that may have influenced the findings. 
For example, instructor effects could have played a role, as variations in teachers' familiarity with 
MatHub may have impacted how students interacted with the platform. Additionally, differences in 
students’ prior mathematical knowledge were not explicitly controlled, meaning that variations in 
their foundational understanding may have influenced their ability to engage with and benefit from 
the interactive tasks. Lastly, the complexity of the project tasks may have imposed a high cognitive 
load, making it challenging for some students to complete assignments with full comprehension 
within the given timeframe. These limitations should be carefully considered when interpreting the 
study’s findings and suggest areas for further research to mitigate potential biases and enhance 
generalizability. 
 

CONCLUSION 

The results of this study reveal that the use of Android-based interactive multimedia, 
particularly MatHub within a PjBL-STEM, has a substantial positive impact on students' critical 
thinking abilities. Students who engaged with MatHub outperformed their peers in the control 
group with respect to critical thinking abilities. Furthermore, this instructional approach 
contributed positively to overall student learning outcomes, indicating its potential as an effective 
tool for fostering higher-order thinking and academic achievement in mathematics education. 
However, the observed classical completion rate of over 60% suggests that a substantial proportion 
of students still face challenges in mastering the material, indicating a need for further refinement 
in instructional strategies. Additionally, the small effect size (Cohen’s d = 0.018586) suggests that 
while the intervention has potential, its impact may be influenced by contextual factors. From a 
practical perspective, mathematics teachers should consider incorporating MatHub as a 
supplementary tool to facilitate the teaching of number patterns. To maximize its effectiveness, 
teachers need to integrate it with well-structured PjBL activities, ensure alignment with curriculum 
goals, and provide adequate scaffolding to support diverse student needs. Schools should also 
evaluate the availability of technological resources to ensure seamless implementation. Future 
research should focus on long-term studies to assess the sustained impact of MatHub on students’ 
cognitive development. Comparative studies with other digital learning tools could provide deeper 
insights into its relative effectiveness. Additionally, investigating adaptive learning strategies or 
personalized multimedia interventions could help optimize student engagement and achievement. 
By addressing these areas, future research can contribute to the development of more effective 
technology-enhanced learning frameworks in mathematics education. 
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