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Abstract

This study aims to develop and validate learning materials based on Research-Based Learning (RBL) integrated with
the Science, Technology, Engineering, Arts, and Mathematics (STEAM) approach. The learning materials were designed
to meet the criteria of validity, practicality, and effectiveness in enhancing undergraduate students’ combinatorial
thinking skills. The developed learning materials focus on optimizing zakat distribution through the use of blockchain
technology with the perfect dominating set technique. This study employed the Research and Development (R&D)
method by adopting the 4D development model, which consists of the Define, Design, Develop, and Disseminate stages.
The products developed in this study included the Student Task Design (RTM), Student Worksheet (LKM), and Learning
Outcome Test (THB). The validation results indicated that the developed learning tools obtained a validity percentage
of 94.5%, which was categorized as highly valid. Furthermore, the trial involving 35 students showed that the RBL-
STEAM learning tools achieved a practicality percentage of 96% and an effectiveness percentage of 91% in improving
students’ learning outcomes. During the learning process, students demonstrated positive responses and a high level of
active engagement. The post-test results showed that 91% of students were classified as having a high level of
combinatorial thinking skills, 9% were in the moderate category, and no students were in the low category. In addition,
the statistical analysis using the paired sample t-test obtained a significance value of Sig. = 0.000 < 0.05, indicating a
significant improvement between the pre-test and post-test scores. Therefore, the developed RBL-STEAM learning tools
were proven to be effective in enhancing students’ combinatorial thinking skills and their ability to apply mathematical
reasoning to zakat distribution problems.

Keywords: RBL-STEAM; Combinatorial Thinking; Zakat Distribution; Blockchain Technology; Perfect Dominating Set.

1. Introduction

In the era of information and globalization, creative thinking skills are highly essential. These skills enable individuals
to generate various ideas and innovations and subsequently transform them into products that are beneficial to society,
the state, and the nation [1]. To address the challenges arising from continuous and dynamic changes, every individual
needs to possess creative thinking skills [2]. NCTM states that combinatorial thinking is a highly important element
compared to other types of logical thinking, and its existence is inseparable from mathematics learning [3].
Combinatorial thinking is a process of finding various solutions to solve discrete problems [4].
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However, empirical findings indicate that most students still encounter difficulties in developing higher-order thinking
skills, particularly when they are required to analyze and decompose complex mathematical structures [5].
Conventional learning methods are often not yet optimal in connecting abstract mathematical concepts with their
practical applications in digital contexts [6]. In the context of mathematics education, a learning model is needed that
not only emphasizes conceptual understanding but also fosters mathematical curiosity and systematically develops
students’ combinatorial thinking patterns [1].

Research-Based Learning (RBL) is needed to effectively develop combinatorial thinking skills because this learning
approach is challenging and focuses on real-world contexts [7]. Research-Based Learning (RBL) is a learning approach
that positions students at the center of research activities [8]. In RBL, students are actively involved in various stages of
research, such as problem exploration, data collection, analysis, and the preparation of research reports [9]. The main
objective of this approach is to develop students’ critical, analytical, and creative thinking skills, as well as to deepen
their understanding of course materials by connecting them to real-world problems.

Furthermore, to enhance the effectiveness of the RBL model in developing students’ combinatorial thinking skills, this
study integrates Research-Based Learning with the STEAM approach, namely Science, Technology, Engineering, Arts,
and Mathematics. This approach is an adaptation of STEM that emphasizes the interconnection between two or more
fields of knowledge to facilitate learning through observation, inquiry, and problem-solving [10]. STEAM emerges as an
innovation in learning that highlights the integration of various disciplines to develop 21st-century skills through an
interdisciplinary and project-based approach. RBL requires the integration of STEAM to optimize the development of
students’ skills in solving problems that involve multiple disciplines [11].

In this study, the RBL-STEAM model is integrated into the context of zakat distribution problems as an effort to provide
learning that is contextual, relevant, and based on real-world problem solving. Zakat distribution plays a crucial role in
the Islamic economic system. Zakat is one of the state financial instruments that has existed since the time of Prophet
Muhammad (peace be upon him) and constitutes one of the pillars of Islam [12]. In Islamic teachings, zakat is an
obligation for individuals or institutions that have fulfilled the nisab requirements [13]. Zakat functions as a means of
wealth redistribution and contributes to poverty alleviation. However, in practice, zakat distribution often faces various
challenges, such as unequal distribution, limited transparency, and difficulties in accurately managing zakat recipient
data [14]. To address these issues, solutions are needed that rely not only on economic approaches but also on the
application of innovative technologies.

Blockchain, as a technology that enables decentralized and secure data storage and management, has emerged as a
potential solution to address these problems in line with the rapid development of digital technology [15]. This
technology connects data blocks cryptographically and is known as a distributed, transparent, secure, and tamper-
resistant recording system [16]. The application of graph theory has become increasingly important in managing
complex data. A graph is a mathematical structure that represents relationships among elements, known as nodes,
which are interconnected through edges [17]. The use of graphs in blockchain enables a better understanding of how
data are interconnected and interact with one another. One example of a graph concept that can be applied in blockchain
is the perfect dominating set.

A perfect dominating set is a subset of vertices in a graph that satisfies two main conditions. First, every vertex that does
not belong to the subset must have at least one neighbor within the subset, ensuring that the subset dominates the
graph. Second, the set is considered perfect when every vertex outside the subset has exactly one neighbor in the subset,
thereby ensuring unique domination while still covering the entire graph [18]. Blockchain that implements the perfect
dominating set technique can be used to improve the efficiency of zakat distribution by ensuring that every zakat
recipient can be reached and connected to the existing system, so that no recipient is overlooked.

Although these topics have significant potential, studies that comprehensively integrate RBL-STEAM, blockchain
technology, and graph theory concepts into mathematics learning materials remain relatively limited. Therefore, this
study aims to develop RBL-STEAM learning materials based on blockchain in the context of zakat distribution using the
perfect dominating set technique, which meet the criteria of validity, practicality, and effectiveness. These learning
materials are expected to contribute as a new paradigm in discrete mathematics learning. In addition, the development
of these materials is also expected to enhance students’ combinatorial thinking skills in solving complex problems that
are relevant to global challenges in the digital era [19].
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2. Material and Methods

2.1. RBL-STEAM

Research-Based Learning (RBL) was first introduced at Griffith University in 2008 and is grounded in the philosophy of
constructivism. This philosophy requires students to take an active role in the learning process. RBL is a learning model
that emphasizes students’ active participation in the research process as part of their learning experience [20]. In the
context of mathematics education, RBL offers significant potential to transform the learning paradigm from merely
mastering procedures to strengthening mathematical thinking processes and developing deeper understanding [21].
Through students’ engagement in the research process, RBL aims to facilitate deeper and more applicable learning,
while also preparing them to address complex problems they may encounter in the professional world [22].

The main objective of Research-Based Learning (RBL) is to improve the quality of learning by providing students with
opportunities to engage directly in research activities [23]. In this approach, students do not merely study theoretical
concepts, but are also guided to apply the knowledge they have acquired in more realistic contexts. This approach
enables students to connect academic learning with real-world challenges and provides them with direct experience in
the process of knowledge development [24]. Through students’ involvement in the research process, RBL aims to
facilitate deeper and more applicable learning, as well as to prepare them to address complex problems they may
encounter in the professional world [22].

In the continuously evolving field of education, there has been a paradigm shift toward more holistic and
interdisciplinary learning approaches to prepare students with the skills required in the 21st century [25]. STEAM
education, which integrates Science, Technology, Engineering, Arts, and Mathematics, has become increasingly popular
globally as an innovative educational approach [26]. STEAM has been implemented across various disciplines, such as
history, mathematics, and integrated curricula, to provide comprehensive insights into different fields while enriching
students’ knowledge and skills [27]. The STEAM approach strongly supports project- and research-based learning, as
applied in Research-Based Learning 28.

This study applies the RBL model integrated with the STEAM approach to enhance students’ combinatorial thinking
skills in solving zakat distribution problems using the perfect dominating set technique in graph theory. The integration
of these elements provides a learning framework that connects abstract mathematical reasoning with technological
applications, thereby fostering analytical, research-oriented, and innovative abilities in mathematics education at the
university level.

2.2. Combinatorial Thinking Skills

Combinatorial skills refer to the ability to understand and apply combinatorial principles in solving problems involving
counting, arranging, and selecting elements from a given set [29]. These skills can also be applied in decision-making,
planning, and experimental design. Furthermore, combinatorial thinking can develop students’ ability to solve more
complex problems and enhance their critical and creative thinking skills [1].

Combinatorial skills strengthen the ability to solve problems by evaluating various possibilities and alternatives. These
skills also develop critical and creative thinking abilities to find innovative solutions to complex problems. In addition,
combinatorial skills are highly useful in decision-making and have applications in everyday life, as well as in the fields
of technology and computer science [1].

Various researchers have proposed different indicators of combinatorial thinking skills according to the context and
objectives of learning. In general, these indicators emphasize the ability to identify patterns, generalize cases, construct
algorithms, perform mathematical proofs, and apply concepts to new or open-ended problems. In the context of this
study, combinatorial thinking serves as a foundation for connecting mathematical reasoning with zakat distribution
through the perfect dominating set technique.

2.3. Methods

The development process was carried out systematically through the four stages of the 4D model, namely Define, Design,
Develop, and Disseminate, as presented in Figure 1.
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Figure 1 The flowchart of the 4D development model
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The research procedure in this study refers to Thiagarajan’s development model, commonly known as the 4D model.
This model consists of four main stages, namely Define, Design, Develop, and Disseminate. The systematic flow of learning
tool development based on the 4D model is presented in Figure 1. Data collection techniques in this study employed
several research instruments, including learning tool validation sheets, learning implementation observation sheets,
learning outcome tests, activity observation sheets, and response questionnaires. The collected data were analyzed
quantitatively with the assistance of the SPSS application. The statistical analysis used was the paired sample t-test to
determine the differences in learning outcomes before and after the implementation of the learning tools.

3. Results and Discussion

3.1. RBL-STEAM Implementation

The RBL-STEAM learning model encourages students to take a more active role in the learning process through direct
engagement in research activities. In the initial stage of the RBL syntax, problems are formulated based on open-ended
issues developed within research groups. In this study, the problem examined focuses on zakat distribution, as
presented in Figure 2.
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Figure 2 STEAM elements of Zakat Distribution

This study aims to address the problem of zakat distribution through the application of the perfect dominating set
technique in graph theory using the RBL-STEAM learning model. Therefore, the RBL-STEAM activity framework in this
study is designed through several stages: (1) students examine previous studies related to zakat distribution and the
concept of perfect dominating set; (2) students design a conceptual solution by connecting the theory of perfect
dominating set to the problem of zakat distribution; (3) students utilize web-based technology to systematically
simulate the zakat distribution process; (4) students formulate and prove a perfect dominating set theorem, and
subsequently apply it to analyze and solve a zakat distribution case study; (5) students generalize the obtained zakat
distribution solution by relating it to religious and ethical values, particularly the Islamic principles of justice,
trustworthiness, and social responsibility; and (6) students draw conclusions by presenting their findings on solving
zakat distribution problems using the perfect dominating set technique integrated within the RBL-STEAM framework.

The sequence of the activities and their relationship to the STEAM domains are presented in figure 3. The figure
illustrates the RBL-STEAM activity framework for solving zakat distribution problems through the application of the
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Figure 3 RBL-STEAM Activity Framework for the Perfect Dominating Set Problem

3.2. Validity, Practicality, and Effectiveness of RBL-STEAM Tools

The first stage in the 4D development model is the Define phase. This stage aims to identify learning needs through an
analysis of learning objectives, student characteristics, the scope of the material, and the competencies to be developed.
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In this phase, four main activities are conducted, namely front-end analysis, learner analysis, concept analysis, and task
analysis. The front-end analysis is carried out to examine the problems and difficulties encountered by students in the
learning process, particularly in understanding the concept of perfect dominating set and its application in solving zakat
distribution problems. The results of this analysis serve as the basis for designing learning tools that are appropriate to
students’ needs. Learner analysis is conducted to obtain information about the characteristics of fourth-semester
students in Class E of the Mathematics Education Study Program at the University of Jember, including their prior
knowledge, learning motivation, and learning preferences. Furthermore, concept analysis aims to identify, elaborate,
and systematically organize the key concepts related to graph theory, perfect dominating set, and blockchain-based
zakat distribution, which are integrated into RBL-STEAM learning. Task analysis is conducted to determine the essential
skills and expected learning outcomes in accordance with the mathematics education curriculum. This analysis focuses
on developing students’ combinatorial thinking skills as the final competency to be achieved through the developed
learning tools.

The second stage in the 4D development model is the Design phase. This stage aims to design and develop the learning
tools to be used in the study, resulting in an initial prototype of the developed tools. In this phase, the RBL-STEAM-based
learning tools were designed to examine their potential in improving students’ combinatorial thinking skills through
the application of the perfect dominating set concept to zakat distribution problems. The design stage consists of four
main activities: test preparation, media selection, format selection, and initial design development. Test preparation
was carried out by developing essay questions that integrate STEAM elements and relate to the application of the perfect
dominating set concept in the context of zakat distribution. Media selection involved the use of PowerPoint as a
presentation medium to deliver materials related to graph theory, as well as the development of RBL-STEAM-based
learning modules containing indicators of combinatorial thinking skills. The learning format adopted in this study refers
to the RBL model integrated with the STEAM approach through systematic and structured learning stages. The initial
design of the learning tools included the main components required in the study, namely the Student Worksheet (LKM)
and the Learning Outcome Test (THB). A visualization of the developed learning tools is presented in Figure 4.
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Figure 4 Initial Design of LKM and THB

The third stage in the 4D development model is the Develop phase. This stage consists of four main activities, namely
validity testing, learning tool trials, practicality testing, and effectiveness testing. All learning tools developed at this
stage were validated by expert validators and subsequently revised based on the feedback, suggestions, and
recommendations provided. After the learning tools were declared valid, they were tested on fourth-semester students
of Class E in the Mathematics Education Study Program at the University of Jember in the Discrete Mathematics course.
Based on the assessments of the two validators, the developed learning tools were considered feasible for use with
minor revisions. Therefore, improvements and refinements were made to enhance the quality of the tools before their
implementation in the learning process. Based on the recapitulation of the validation results for the RBL-STEAM
learning tools and instruments presented in Table 1, the average validation score was 3.79, with a percentage of 94.5%.
Referring to the validity criteria, the developed learning tools met the validity requirements, as the score fell within the
range of 3.26 < Va < 4. Thus, the RBL-STEAM learning tools were declared valid and feasible for use in the subsequent
development stage.
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Table 1 Recap of RBL-STEM Device Validation

Validattion Result Average Score Percentage
Learning Device 3.80 94,60%
Student Activity Observation sheet 3.80 94.40%
RBL-STEAM Implementation Sheet 3.76 94.00%
Student Response Questionnaire 3.80 95.00%
Overall average score 3.79 94.50%

The learning tools that had undergone revision and validation were subsequently tested on students to measure their
practicality and effectiveness. The trial was conducted with 35 students enrolled in the Discrete Mathematics course in
the Mathematics Education Study Program at the University of Jember. The implementation of the trial was assisted by
eight observers, who were postgraduate students of Mathematics Education at the Faculty of Teacher Training and
Education, University of Jember. Observation data and assessments of students’ learning outcomes were used as the
basis for evaluating the practicality and effectiveness of the developed RBL-STEAM learning tools.

The practicality test in this study consisted of two main indicators: the analysis of classroom learning implementation
and the analysis of students’ responses. The implementation of learning was observed using the RBL-STEAM
implementation observation sheet, which was assessed by eight observers during the learning process. Based on the
observation results, the average score for learning implementation was 3.81, with a percentage of 95.13%. Referring to
the practicality criteria, the developed learning tools were categorized as highly practical because the score fell within
the range of 90% < SR < 100%.

Table 2 Observation Results of RBL-STEAM Model Implementation

Assessed Aspects Average Score Percentage
RBL-STEAM syntax 3.83 96.00%
Social system 3.75 93.75%
Reaction and management principles 3.83 95.65%
Overrall average score 3.81 95.13%

Based on the results of the student response questionnaire, the overall average percentage of positive responses was
92.05%. This percentage indicates that the developed learning tools were well received by students and were
considered easy to use during the learning process. Based on the analysis of the two practicality indicators, namely
learning implementation and student responses, it can be concluded that the developed RBL-STEAM learning tools meet
the practicality criteria and are feasible to be implemented in mathematics learning activities.

Table 3 Summary of Data from Student Response Questionnaire Results

Assessed Aspects Percentage
Enjoyment of the learning component 97.86%
Learning components are new 92.20%
Students are interested in learning 85.71%
Students clearly understand the language used 92.86%

Students understand the meaning of each problem presented | 81.43%

Students are attracted by the appearance 97.15%
Students enjoy discussing with group members 97.14%
Overrall average score 92.05%
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The effectiveness test of the developed learning tools included two main indicators, namely the analysis of students’
learning outcomes and the analysis of students’ activities during the learning process. The learning outcome data were
obtained through the administration of a post-test on Monday, April 20, 2026, involving 35 students as the research
subjects. Based on the post-test results, 32 students, or 91%, achieved scores above the minimum completeness
criterion. This finding indicates that the learning process using the developed tools met the criterion for classical
completeness.

Student activities were observed comprehensively throughout the learning process, including the introduction, core
activities, and closing activities. The analysis of student activities was conducted based on the student activity
observation sheets assessed by eight observers. As presented in Table 4, the results of student activity observations
obtained an average score of 3.83, with a percentage of 96%. In addition, most of the comments provided by the
observers indicated positive responses. This suggests that the developed RBL-STEAM learning tools were able to
support an active, engaging, and meaningful learning process without requiring significant revisions. Based on the
effectiveness criteria, the developed learning tools were categorized as highly effective because the score fell within the
range of 90% < P < 100%. Therefore, the RBL-STEAM learning tools designed to improve students’ combinatorial
thinking skills in solving zakat distribution problems through the perfect dominating set technique can be declared
effective for classroom implementation.

Table 4 Recapitulation of Student Activity Observation Results

Assessed Aspects Average Score Percentage
Introduction 4.00 100.00%
Core Activities 3.75 94.00%
Closing 3.75 93.75%
Overrall average score 3.83 96.00%

The final stage of the development process is the Deployment stage. This stage is carried out by implementing the
developed learning tools on a broader scale, such as in other classes or study programs that offer similar courses and
have not previously been involved in the trial. The deployment stage aims to examine the extent to which the developed
RBL-STEAM learning tools can be effectively implemented in various learning contexts. In addition, this stage is
intended to ensure that the learning tools maintain good quality and consistency when applied to different groups of
students.

3.3. Improvement of Combinatorial Thinking Skills

This section describes the improvement in students’ combinatorial thinking skills after the implementation of the RBL-
STEAM-based learning tools. The improvement was analyzed based on the results of the Learning Outcome Test (THB),
which was administered before and after the learning process. The analysis of students’ combinatorial thinking skills
focused on five main indicators, namely identifying several cases, recognizing patterns across all cases, generalizing all
cases, constructing mathematical proofs, and considering connections with other combinatorial problems. The
distribution of students’ pre-test and post-test scores is presented in Figure 5, while the percentage levels of students’
combinatorial thinking improvement after the implementation of RBL-STEAM learning activities are shown in Figure 6.
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Based on the classification results in the pre-test stage, 9% of students were categorized as having a low level of
combinatorial thinking skills, 37% were in the moderate category, and 54% were in the high category. After the
implementation of the learning process and the administration of the post-test, an improvement in achievement was
observed, with 91% of students reaching the high category of combinatorial thinking skills, 9% remaining in the
moderate category, and no students classified in the low category. These findings indicate a significant improvement in
students’ combinatorial thinking skills after participating in RBL-STEAM learning focused on solving zakat distribution
problems using the perfect dominating set technique. Furthermore, a normality test was conducted as a prerequisite
before performing the paired samples t-test to ensure that the data were normally distributed. The statistical analysis,
carried out with the assistance of SPSS software, confirmed that the implementation of the RBL-STEAM learning tools
had a positive effect on improving students’ combinatorial thinking skills.

Table 5 Normality Test Results

Tests of Normality
Kolmogorov-Smirnov? | Shapiro-Wilk
Statistic | df | Sig. Statistic | df | Sig.
Pretest | 0.056 351 0.200" | 0.985 35| 0.892
Posttest | 0.079 351 0.200" | 0.966 35 0.351
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Based on the normality test results presented in Table 5, the pre-test and post-test scores were found to be normally
distributed, as the significance value (Sig.) > 0.05. After the normality assumption was fulfilled, the analysis was
continued using the paired samples t-test, as shown in Table 6.

Table 6 Paired Sample Statistics

Paired Samples Statistics

Mean N | Std. Deviation | Std. Error Mean
Pair 1 | Pretest | 45.6286 | 35 | 7.19103 1.21551
Posttest | 78.1429 | 35 | 7.44052 1.25768

The test results presented in Table 6 show that the average post-test score was higher than the average pre-test score.
This indicates a significant improvement in students’ learning outcomes after the implementation of the RBL-STEAM-
based learning tools. The average pre-test score, which was initially 45.68, increased to 78.14 in the post-test. This
improvement demonstrates a substantial development in students’ combinatorial thinking skills after participating in
RBL-STEAM learning activities involving zakat distribution problems through the application of the perfect dominating
set technique. In addition, the number of data entries in both the pre-test and post-test was 35, corresponding to the
number of students who participated in this study.

Table 7 Paired Sample Correlations

Paired Samples Correlations

N Correlation | Sig.

Pair 1 | Pretest & Posttest | 35 0.978 0.000

The test results presented in Table 7, with a total of 35 data entries, show that the correlation value between the pre-
test and post-test scores was 0.978 > 0.05. This value indicates a strong relationship between the two scores. In other
words, students who obtained high scores in the pre-test tended to achieve higher scores in the post-test as well. These
findings indicate that the implementation of the RBL-STEAM learning tools contributed consistently and measurably to
the improvement of students’ combinatorial thinking skills in solving zakat distribution problems through the
application of the perfect dominating set technique.

Table 8 Paired Sample Test

Paired Samples Test
Paired Differences t df | Sig. (2-
tailed
Mean Std. Std. 95% Confidence Interval ailed)
Deviation Error of the Difference
Mean Lower Upper
Pair | Pretest - | - 1.560 0.263 -33.050 -31.978 - 34 | 0.000
1 Posttest 32.514 123.305

The test results presented in Table 8 show that the probability value, or Sig. (2-tailed), was 0.000 < 0.05. This value
indicates a statistically significant difference between the pre-test and post-test scores. Therefore, it can be stated that
students’ combinatorial thinking skills improved significantly after participating in learning activities using the RBL-
STEAM learning tools. These findings further confirm that the implementation of RBL-STEAM-based learning tools is
effective in enhancing students’ ability to analyze, construct, and apply mathematical reasoning to solve zakat
distribution problems through the perfect dominating set technique.
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4., Conclusion

Based on the results of the study concerning the development of RBL-STEAM-based learning tools to improve students’
combinatorial thinking skills, it was found that the developed tools met the criteria of validity, practicality, and
effectiveness. Quantitative analysis was conducted by processing the pre-test and post-test data through normality
testing and the paired samples t-test. The results of the normality test showed that the pre-test and post-test data were
normally distributed, as indicated by the significance value (Sig.) greater than 0.05. Furthermore, the results of the
paired samples t-test obtained a Sig. (2-tailed) value of 0.000 < 0.05. This indicates a significant difference between
students’ scores before and after participating in learning using the RBL-STEAM learning tools. These findings indicate
that the implementation of RBL-STEAM learning tools significantly improves students’ combinatorial thinking skills,
particularly in solving zakat distribution problems through the perfect dominating set technique. Therefore, the results
of this study can serve as a reference for the further development of RBL-STEAM learning tools, especially those oriented
toward enhancing mathematical reasoning and higher-order thinking skills in mathematics education.
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