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1. INTRODUCTION

Mathematics plays a crucial role in developing logical thinking, problem-solving skills, and analytical
abilities required for daily life and future careers [1], [2]. In many developing countries, including Zambia,
mathematics education is expected to equip students with competencies necessary to participate effectively in
social and economic development [3], [4]. However, mathematics learning outcomes in rural secondary schools
remain relatively low compared to urban areas, mainly due to limited learning resources, teacher-centered
instructional practices, and students’ difficulties in understanding abstract mathematical concepts [5], [6].

One of the major challenges in mathematics instruction is the tendency to present mathematical concepts
in a formal and symbolic manner without meaningful connections to students’ real-life experiences [7], [8]. This
condition often leads students to perceive mathematics as a difficult and irrelevant subject, resulting in low
motivation and poor learning outcomes [9], [10]. In rural Zambian contexts, where students’ everyday experiences
differ significantly from textbook examples, conventional teaching approaches may further widen the gap between
mathematical concepts and students’ understanding.
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Realistic Mathematics Education, originally developed in the Netherlands, offers an alternative approach
by emphasizing mathematics as a human activity that is closely connected to real-life situations [11], [12]. Realistic
Mathematics Education encourages students to construct mathematical knowledge through contextual problems
that are meaningful and imaginable for them [13], [14]. Through guided reinvention, progressive mathematization,
and the use of self-developed models, students are actively involved in the learning process and gradually transition
from informal reasoning to formal mathematical understanding [15], [16].

Several previous studies have reported that Realistic Mathematics Education can improve students’
conceptual understanding, learning motivation, and problem-solving abilities [17], [18]. However, empirical
studies investigating the implementation of Realistic Mathematics Education in rural African educational contexts,
particularly in Zambia, are still limited [19], [20]. Most existing research focuses on urban settings or countries
with more developed educational infrastructures, leaving a research gap regarding the effectiveness of Realistic
Mathematics Education in rural secondary schools with constrained learning environments [21], [22].

The novelty of this study lies in the empirical application and testing of the effectiveness of the Realistic
Mathematics Education approach in the context of rural secondary schools in Zambia, which have limited learning
resources. Unlike previous studies, which have generally been conducted in urban settings or countries with more
established educational infrastructure, this study specifically integrates the real-life context of rural students into
mathematics learning and evaluates its effectiveness through three main indicators: learning outcomes, student
learning activities, and student responses. Thus, this study provides new empirical evidence on the relevance and
adaptability of Realistic Mathematics Education in the under-researched educational context of Sub-Saharan
Africa.

The urgency of this research is driven by the low mathematics learning outcomes of students in rural
Zambian schools, which are still dominated by teacher-centered learning practices and the presentation of abstract
mathematical concepts that are detached from students' real-life experiences. This condition has the potential to
widen the gap in education quality between rural and urban areas and hinder the development of students'
mathematical thinking skills. Therefore, a contextual, meaningful learning approach is needed that is appropriate
to the characteristics of rural students' learning environments. This research is important as an effort to provide
alternative learning strategies that not only improve mathematics learning outcomes but also encourage active
student engagement and positive attitudes toward mathematics in conditions of limited educational resources.

Therefore, this study aims to examine the effectiveness of the Realistic Mathematics Education approach
in improving mathematics learning outcomes of Grade 7 students in a rural secondary school in Zambia. The
effectiveness of the approach is evaluated based on three indicators: students’ mathematics achievement, student
learning activities, and student responses to the learning process. This study is expected to contribute empirical
evidence on the applicability of Realistic Mathematics Education in rural African contexts and provide practical
insights for mathematics teachers seeking innovative instructional strategies to enhance learning quality.

2. RESEARCH METHOD
2.1. Research Design

This study employed a quasi-experimental research design using a one-group pretest—posttest model [23],
[24]. The design was selected to examine the effectiveness of the Realistic Mathematics Education approach in
improving students’ mathematics learning outcomes in a rural school context where random assignment and the
use of a control group were not feasible. The research design allowed for the comparison of students’ learning
performance before and after the implementation of the Realistic Mathematics Education-based instruction.

2.2. Research Setting and Participants

The study was conducted in a rural public secondary school in Zambia during the 2023/2024 academic
year. The participants consisted of 26 Grade 7 students, comprising both male and female learners, who were
enrolled in one intact classroom. The school was selected purposively to represent typical characteristics of rural
schools in Zambia, including limited instructional resources and students’ strong reliance on real-life experiences
from their surrounding environment.

2.3. Instructional Treatment

The instructional treatment involved the implementation of the Realistic Mathematics Education
approach in teaching mathematics topics related to set theory. The learning process was designed based on the
core principles of Realistic Mathematics Education, namely guided reinvention, progressive mathematization,
didactical phenomenology, and the use of self-developed models. Learning activities were initiated through
contextual problems closely related to students’ daily experiences in rural settings, such as community activities,
household practices, and local environments [25], [26]. Students were encouraged to explore, discuss, and
construct mathematical concepts collaboratively under the guidance of the teacher.
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2.4. Research Instruments

The data in this study were collected using four types of research instruments. The first instrument was
an essay-based mathematics learning achievement test used as a pretest and posttest to measure students'
understanding of mathematical concepts before and after the implementation of Realistic Mathematics Education-
based learning. The test items were structured based on learning objectives and validated by mathematics education
experts before use. The second instrument was a learning implementation observation sheet used to assess the
quality of the Realistic Mathematics Education approach implementation during the learning process, including
the organization of learning, the use of contextual problems, student engagement, and the teacher's role in
facilitating learning. The third instrument was a student activity observation sheet used to record student
engagement during learning, including participation in problem-solving, group discussions, question-and-answer
sessions, and conclusion-drawing activities. The fourth instrument was a student response questionnaire given at
the end of the learning to determine students' responses to Realistic Mathematics Education-based learning, which
consisted of closed-ended statements with the answer options "agree" and "disagree” [27], [28].

2.5. Data Collection Procedures

The data collection procedure in this study was carried out in three stages. The first stage was the
preparation stage, which included the preparation of learning tools, teaching materials, and the development and
validation of research instruments before the study was conducted [29], [30]. The second stage was the
implementation stage, beginning with a pretest to measure students' initial mathematical abilities. Next, Realistic
Mathematics Education-based learning was implemented over several class meetings. At this stage, observations
were also made of the implementation of the learning and student learning activities [31], [32]. The third stage
was the final stage, which was carried out after the entire learning series was completed. At this stage, a posttest
was given to measure student learning outcomes, then a student response questionnaire was distributed to obtain
students' perceptions of the learning process that had been implemented.

2.6."Data Analysis Techniques

Data analysis in this study was conducted using descriptive statistical methods [33], [34]. Learning
effectiveness was evaluated based on three main indicators: mathematics learning outcomes, student learning
activities, and student responses to learning. Mathematics learning outcomes were analyzed by comparing pretest
and posttest scores, and calculating the average value, percentage of learning completion, and normalized gain (N-
gain) score. Student learning activities were analyzed based on the percentage of active student engagement during
the learning process. Meanwhile, student responses were analyzed by calculating the percentage of positive
responses to items in the questionnaire. The learning process was declared effective if the average posttest score
reached the minimum completion criteria, the N-gain score was in the at least moderate category, the level of
student learning activity was in the good category, and student responses to Realistic Mathematics Education-
based learning were dominated by positive responses.

3. RESULTS AND DISCUSSION
3.1. Students’ Mathematics Learning Outcomes

Students’ mathematics learning outcomes were measured using a pretest and posttest administered before
and after the implementation of the Realistic Mathematics Education approach. The descriptive statistics of
students’ pretest and posttest scores are presented in Table 1.

Table 1. Descriptive Statistics of Students’ Pretest and Posttest Scores
Test N Minimum Maximum Mean
Pretest 26 35 65 48.27
Posttest 26 60 90 76.54

Table 1 shows that the mean pretest score was relatively low, indicating limited initial understanding of
mathematical concepts among Grade 7 students in the rural Zambian school. After the implementation of Realistic
Mathematics Education-based instruction, the mean posttest score increased substantially, exceeding the minimum
mastery criterion. This improvement indicates that the Realistic Mathematics Education approach had a positive
effect on students’ mathematics achievement.

The findings of this study indicate that the implementation of the Realistic Mathematics Education
approach had a positive impact on students’ mathematics learning outcomes in a rural Zambian secondary school.
As shown in Table 1, the substantial increase in the mean score from the pretest to the posttest demonstrates that
students’ conceptual understanding improved after participating in Realistic Mathematics Education-based
instruction. This improvement suggests that learning activities grounded in real-life contexts helped students make
meaningful connections between abstract mathematical concepts and their everyday experiences.
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To further examine learning improvement, normalized gain (N-gain) scores were calculated. The
distribution of students’ N-gain categories is presented in Table 2.

Table 2. Distribution of Students’ Normalized Gain (N-gain) Scores

N-gain Category Number of Students Percentage
High (g >0.70) 9 34.62%
Moderate (0.30<g<0.70) 14 53.85%
Low (g <0.30) 3 11.53%
Total 26 100%

As shown in Table 2, most students (88.47%) achieved moderate to high normalized gain scores. This
finding suggests that the majority of students experienced meaningful improvement in their understanding of
mathematics concepts after participating in Realistic Mathematics Education-based learning activities.

Further evidence of learning effectiveness is provided by the analysis of normalized gain scores presented
in Table 2. The majority of students achieved moderate to high N-gain categories, indicating that the improvement
in learning outcomes was not only statistically visible but also educationally meaningful. This finding supports the
core principle of Realistic Mathematics Education, which emphasizes progressive mathematization, where
students gradually develop formal mathematical understanding from contextual problem situations.

3.2. Student Learning Activities

Student learning activities were observed during the implementation of Realistic Mathematics Education-
based instruction. The observation focused on students’ participation in contextual problem-solving, group
discussions, asking questions, and presenting solutions. The summary of student activity observations is presented
in Table 3.

Table 3. Student Learning Activity Observation Results

Activity Indicator Percentage (%) Category
Participating in contextual problem-solving 82.69 Good
Engaging in group discussions 80.77 Good
Asking and answering questions 76.92 Good
Presenting ideas and conclusions 78.85 Good
Average 79.81 Good

Table 3 indicates that students demonstrated a high level of active participation during the learning
process. The average activity percentage falls within the “good” category, suggesting that Realistic Mathematics
Education successfully promoted student-centered learning in the rural classroom context.

Student engagement during the learning process also contributed significantly to the observed learning
improvement. As summarized in Table 3, students demonstrated a high level of active participation across various
learning activities, including contextual problem-solving, group discussions, and the presentation of ideas. Active
involvement in these activities aligns with constructivist learning theory, which posits that knowledge is
constructed through interaction and social negotiation. In rural classroom settings, where conventional instruction
often limits student participation, the Realistic Mathematics Education approach appears to provide a more
inclusive and engaging learning environment.

3.3. Student Responses

Students’ responses toward the Realistic Mathematics Education-based learning approach were collected
using a questionnaire administered after the instructional treatment. The results of student responses are
summarized in Table 4.

Table 4. Student Responses toward Realistic Mathematics Education-Based Instruction
Response Category  Percentage (%)
Positive Response  88.46
Negative Response  11.54

The results in Table 4 show that the majority of students responded positively to the implementation of
Realistic Mathematics Education. Students reported that learning mathematics through real-life contexts was more
interesting, easier to understand, and more relevant to their daily experiences in rural environments.

In addition to cognitive and behavioral outcomes, students’ affective responses toward learning
mathematics were notably positive. The student response data presented in Table 4 show that a large proportion
of students expressed favorable attitudes toward Realistic Mathematics Education-based instruction. These
positive responses indicate that contextual learning not only enhanced students’ understanding but also increased
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their motivation and confidence in learning mathematics. Such affective improvements are particularly important
in rural educational contexts, where negative perceptions of mathematics can hinder students’ long-term
engagement with the subject.

Overall, the findings of this study are consistent with previous research reporting the effectiveness of
Realistic Mathematics Education in improving students’ mathematics achievement, learning activity, and
motivation. However, this study extends the existing literature by demonstrating that Realistic Mathematics
Education can be effectively implemented in a rural African context with limited instructional resources. By
integrating locally relevant contexts into mathematics instruction, Realistic Mathematics Education offers a
practical and culturally responsive approach to improving mathematics education in rural secondary schools.

Despite these promising results, the study has limitations that should be acknowledged. The use of a one-
group quasi-experimental design without a control group limits the generalizability of the findings [35], [36].
Additionally, the relatively small sample size restricts broader conclusions. Future research is recommended to
involve comparative groups, larger samples, and longitudinal designs to further examine the long-term impact of
Realistic Mathematics Education on students’ mathematical understanding and problem-solving skills.

The findings of this study have several important implications for mathematics education practice,
particularly in rural secondary school contexts. The improvement in students’ learning outcomes and active
participation, as reflected in the learning achievement and activity results, indicates that the Realistic Mathematics
Education approach can serve as an effective instructional alternative to conventional teacher-centered methods
[37], [38]. By utilizing real-life contexts familiar to students, Realistic Mathematics Education enables learners in
rural settings to engage more meaningfully with mathematical concepts despite limited access to instructional
resources.

From a pedagogical perspective, the positive student responses toward Realistic Mathematics Education-
based instruction suggest that mathematics teachers in rural schools should consider integrating contextual
problem-based learning into their daily teaching practices [39], [40]. The use of locally relevant examples, such
as community activities and everyday situations, can enhance students’ motivation and reduce negative attitudes
toward mathematics. These findings imply that teacher professional development programs in Zambia should
include training on Realistic Mathematics Education principles and strategies to support effective classroom
implementation.

In terms of curriculum development, the results of this study imply that contextual and realistic learning
approaches are compatible with the goals of mathematics education in developing countries [41], [42]. Curriculum
designers and policymakers may consider incorporating Realistic Mathematics Education-oriented learning
activities and materials into national mathematics curricula, particularly for lower secondary levels. Such
integration could help bridge the gap between formal mathematical content and students’ real-life experiences,
especially in rural and under-resourced schools.

Improvements in students' mathematics learning outcomes after implementing the Realistic Mathematics
Education approach demonstrate that learning that links mathematical concepts to students' real-life experiences
can reduce the material's abstraction, particularly in rural school contexts. The everyday context used in learning
allows students to gradually build conceptual understanding through a process of progressive mathematization.
This finding reinforces the view that mathematics is more easily understood when presented as a human activity
close to students' social and cultural realities, rather than simply a collection of symbols and formal procedures.

In addition to cognitive improvements, the high level of student learning activity during Realistic
Mathematics Education-based learning demonstrates the success of this approach in creating student-centered
learning [43], [44]. Students' active involvement in group discussions, contextual problem-solving, and the
delivery of ideas and conclusions reflects a shift in students' roles from passive recipients of information to active
learners. This aligns with constructivist theory, which emphasizes that knowledge is constructed through social
interaction and meaningful learning experiences. In the context of rural schools that tend to still employ
conventional learning, Realistic Mathematics Education has been shown to encourage more inclusive participation
and interaction in learning [45], [46].

Students' positive responses to Realistic Mathematics Education-based learning also indicate that this
approach impacts not only conceptual understanding but also affective aspects. Students' interest and comfort in
participating in real-world context-based mathematics learning demonstrates increased motivation and confidence
in learning mathematics. This is crucial because negative attitudes toward mathematics are often a barrier to
learning success, particularly in environments with limited facilities and learning resources.

The findings of this study also make a significant contribution to the mathematics education literature by
demonstrating that the Realistic Mathematics Education approach can be implemented effectively even in
environments with limited learning resources. Utilizing local contexts and students' daily experiences as primary
learning resources demonstrates that quality mathematics learning does not always depend on the availability of
sophisticated media or technology [47], [48]. With appropriate lesson planning, teachers can optimize the
surrounding environment as a meaningful and relevant learning tool.
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Overall, the results of this study confirm that Realistic Mathematics Education is an adaptive and
contextual approach to improving the quality of mathematics learning in rural schools. This approach has the
potential to be a relevant pedagogical solution to bridge the learning quality gap between schools in rural and urban
areas. Therefore, the application of Realistic Mathematics Education needs to be considered more broadly in the
development of teacher learning and training policies, especially in areas with limited educational resources [49],
[50].

Based on the findings and limitations of this study, several recommendations for future research can be
proposed. Future studies are encouraged to employ experimental or quasi-experimental designs with control
groups to allow for stronger causal inferences regarding the effectiveness of Realistic Mathematics Education. In
addition, research involving larger samples and multiple rural schools would enhance the generalizability of the
findings across different educational contexts in Zambia and other Sub-Saharan African countries.

Furthermore, future research may explore the long-term impact of Realistic Mathematics Education on
students’ higher-order thinking skills, such as problem-solving, reasoning, and mathematical communication.
Investigating the integration of Realistic Mathematics Education with digital learning tools or community-based
learning activities could also provide valuable insights into innovative instructional strategies that address the
challenges of rural mathematics education.

4. CONCLUSION

This study investigated the effectiveness of the Realistic Mathematics Education approach in improving
mathematics learning outcomes of Grade 7 students in a rural secondary school in Zambia. Based on the results of
the pretest and posttest analysis, the implementation of Realistic Mathematics Education led to a substantial
improvement in students’ mathematics achievement, with most students achieving the minimum mastery criterion
and demonstrating moderate to high normalized gain scores. These findings indicate that Realistic Mathematics
Education is effective in enhancing students’ conceptual understanding of mathematics.

In addition to cognitive learning outcomes, the study revealed positive behavioral and affective impacts
of Realistic Mathematics Education-based instruction. Students showed high levels of active participation during
learning activities and expressed predominantly positive responses toward the learning process. The use of
contextual problems related to students’ daily experiences in rural environments contributed to increased
engagement, motivation, and confidence in learning mathematics.

Overall, this study concludes that Realistic Mathematics Education is a feasible and effective instructional
approach for mathematics learning in rural secondary school contexts in Zambia. Despite limitations related to
research design and sample size, the findings provide empirical evidence supporting the use of contextual and
student-centered learning approaches to improve mathematics education in under-resourced settings. The results
of this study may serve as a reference for teachers, curriculum developers, and policymakers seeking to enhance
the quality of mathematics instruction in rural schools.
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