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Abstract: Mathematical modelling has been widely recognized as a learner-centred instructional approach that promotes 

conceptual understanding and problem-solving in mathematics. However, limited empirical evidence exists on its effectiveness 

in improving student-teachers’ achievement in matrices in Teacher Training Colleges (TTCs) in Rwanda. This study 

investigated the effect of mathematical modelling instruction on Year Two Science and Mathematics Education student-

teachers’ achievement in matrices in selected TTCs in Rwanda. A quasi-experimental pre-test–post-test control group design 

was employed. The experimental group was taught matrices using mathematical modelling activities grounded in real-life 

contexts, whereas the control group received conventional instruction over a three-week intervention period. Data were 

collected using a researcher-developed achievement test administered before and after the intervention. Descriptive statistics 

and independent- and paired-samples t-tests were used to analyse the data. The findings indicated no statistically significant 

difference between the groups at the pre-test stage, confirming comparable baseline achievement. Following the intervention, 

the experimental group achieved a significantly higher post-test mean score (𝑀 =  60.64, 𝑆𝐷 =  9.57) than the control group 

(𝑀 =  50.30, 𝑆𝐷 =  8.83), t(101)  =  −5.70, p <  .001. The experimental group also demonstrated a significantly greater 

improvement between pre-test and post-test scores than the control group. The study concludes that mathematical modelling 

instruction significantly enhances student-teachers’ achievement in matrices. It is recommended that mathematical modelling 

be integrated into mathematics instruction and teacher education programs to strengthen conceptual understanding and 

improve learning outcomes. 
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1. Introduction  

Mathematics plays a vital role in developing logical 

reasoning, critical thinking, and problem-solving skills that 

are essential for academic success and everyday life 

(Carreira & Blum, 2021; Stillman et al., 2015). However, 

many learners continue to experience difficulties in 

understanding abstract mathematical concepts, particularly 

when instruction emphasizes procedural knowledge rather 

than conceptual understanding (Prabawanto et al., 2024). 
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Accordingly, there is an improving need for instructional 

approaches that actively engage students in meaningful 

learning experiences and improve the application of 

mathematical knowledge to real-world situations. 

Mathematical modelling has emerged as an effective 

learner-centred instructional approach that enables learners 

to connect abstract mathematical concepts with authentic 

real-life situations (Carreira & Blum, 2021; Stillman et al., 

2015). Through mathematical modelling, learners 

formulate mathematical representations of practical 

problems, apply mathematical procedures, interpret 

solutions, and evaluate their appropriateness within the 

original context. This process promotes conceptual 

understanding, mathematical reasoning, and problem-

solving skills, making mathematics more meaningful and 

relevant to learners' experiences (Freudenthal, 2002). 

Several studies have reported positive effects of 

mathematical modelling on students' achievement in 

mathematics. Özer-Demir and Bukova-Güzel (2024) and 

Wang et al. (2023), found that learners exposed to 

modelling-based instruction achieved significantly higher 

academic performance and demonstrated stronger 

problem-solving abilities than those taught through 

conventional instructional approaches. Despite this 

evidence, limited empirical research has examined the 

effectiveness of mathematical modelling in Teacher 

Training Colleges in Rwanda, particularly in the teaching 

and learning of matrices. 

Matrices constitute an important topic in mathematics 

education because they provide a foundation for solving 

systems of equations, data organization, transformations, 

and various real-life applications. However, student-

teachers often encounter difficulties in understanding 

matrix concepts due to their abstract nature and the 

predominance of traditional teaching approaches. Given 

the role of Teacher Training Colleges in preparing future 

mathematics teachers, it is important to identify 

instructional approaches that can enhance student-teachers' 

achievement and conceptual understanding. 

Therefore, this study investigated the effect of 

mathematical modelling instruction on Year Two Science 

and Mathematics Education student-teachers' achievement 

in matrices in selected Teacher Training Colleges in 

Rwanda. Specifically, the study compared the achievement 

of student-teachers taught through mathematical modelling 

instruction with those taught using conventional 

instructional approaches. 

Mathematical modelling has gained increasing attention in 

mathematics education as an instructional approach that 

enables learners to connect mathematical concepts with 

real-world situations. Mathematical modelling involves 

identifying problems from authentic contexts, formulating 

mathematical representations, analyzing relationships, 

interpreting solutions, and validating results within the 

original context. Through this process, learners actively 

engage in problem-solving and develop conceptual 

understanding of mathematical ideas (Carreira & Blum, 

2021). The approach aligns with contemporary learner-

centred pedagogies that emphasize critical thinking, 

creativity, and the application of knowledge to practical 

situations. 

The theoretical foundation of mathematical modelling can 

be explained through Realistic Mathematics Education 

(RME) and Constructivist Learning Theory. Realistic 

Mathematics Education, developed by Freudenthal (2002), 

posits that mathematics should be taught through 

meaningful contexts that enable learners to construct 

mathematical knowledge from realistic situations. 

According to this perspective, learners develop a deeper 

understanding when they engage in the process of 

mathematization, moving from real-life experiences to 

formal mathematical representations. Similarly, 

Constructivist Learning Theory suggests that knowledge is 

actively constructed through interaction, exploration, 

reflection, and collaboration rather than passively received 

from the teacher (Stillman et al., 2015). In mathematical 

modelling activities, learners are encouraged to investigate 

contextual problems, formulate mathematical models, test 

solutions, and evaluate outcomes, thereby promoting 

meaningful learning and conceptual understanding. 

Empirical evidence indicates that mathematical modelling 

positively influences learners' achievement in 

mathematics. Özer-Demir and Bukova-Güzel (2024) found 

that students exposed to modelling-based instruction 

achieved significantly higher academic performance and 

mathematical literacy than those taught through 

conventional approaches. The study attributed these 

improvements to learners' active participation in authentic 

mathematical investigations that enhanced conceptual 

understanding. Similarly, Wang et al. (2023) reported that 

mathematical modelling instruction significantly improved 

students' problem-solving abilities, analytical thinking, and 

application of mathematical concepts in real-life contexts. 

Other studies have produced comparable findings. 

Armutcu and Bal (2023) observed that integrating 

mathematical modelling into mathematics instruction 

enhanced learners' mathematical competencies, 

collaboration skills, and higher-order thinking abilities. 

Likewise, Patullayeva (2022) found that students who 

learned through modelling-oriented instruction 

demonstrated better mathematical reasoning and academic 

achievement than those taught using traditional 

approaches. These findings suggest that mathematical 
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modelling promotes active engagement with mathematical 

concepts and supports deeper understanding than 

conventional teacher-centred methods. 

Despite the growing body of evidence supporting 

mathematical modelling, most studies have been conducted 

in Europe, North America, and Asia. Empirical studies 

examining the effectiveness of mathematical modelling in 

African educational contexts remain relatively limited, 

particularly within teacher education institutions. In 

Rwanda, existing studies have largely focused on learner-

centred pedagogy, implementation of the Competency-

Based Curriculum, and general mathematics teaching 

practices, with limited attention given to the effectiveness 

of mathematical modelling in improving achievement in 

specific mathematical topics. Furthermore, little empirical 

evidence exists regarding the teaching and learning of 

matrices through mathematical modelling in Teacher 

Training Colleges. 

The reviewed literature suggests that mathematical 

modelling has considerable potential to improve 

mathematics achievement by promoting conceptual 

understanding and problem-solving skills. However, the 

limited evidence from Rwandan Teacher Training 

Colleges, particularly in the teaching of matrices, reveals 

an important knowledge gap. This study therefore sought 

to determine the effect of mathematical modelling 

instruction on Year Two Science and Mathematics 

Education student-teachers' achievement in matrices in 

selected Teacher Training Colleges in Rwanda. 

This study investigated the effects of mathematical 

modelling on Year Two student-teachers’ achievement in 

matrices in Teacher Training Colleges (TTCs) in Rwanda’s 

Southern Province. In Rwanda, where education is central 

to national development goals such as Vision 2050, 

improving mathematics performance remains a key 

priority, particularly in TTCs that prepare future educators. 

Mathematical modelling involves representing real-world 

phenomena with mathematical concepts, analyzing them, 

and interpreting results, bridging the gap between abstract 

mathematics and practical applications (Carreira & Blum, 

2021). Historically, (Freudenthal, 2002) emphasized that 

students learn mathematics effectively when they 

mathematize realistic contexts, forming the foundation of 

Realistic Mathematics Education. Research indicates that 

the success of modelling depends on teachers’ pedagogical 

knowledge and skills, including their ability to design, 

implement, and scaffold modelling tasks (Barquero & 

Ferrando, 2024). 

A growing body of empirical research has demonstrated 

the positive impact of mathematical modelling on 

mathematics achievement. The studies have shown that 

modelling-based instruction improves learners' conceptual 

understanding, mathematical literacy, problem-solving 

ability, creativity, and academic performance compared 

with conventional instructional approaches  (Armutcu & 

Bal, 2023; Özer-Demir & Bukova-Güzel, 2024; Wang et 

al., 2023). By engaging learners in authentic tasks that 

require them to analyse, represent, solve, and interpret 

mathematical problems, modelling transforms 

mathematics from an abstract subject into a practical tool 

for addressing everyday challenges. 

Although mathematical modelling has received 

considerable attention internationally, its implementation 

varies across educational contexts. European countries, 

particularly the Netherlands and Germany, have played a 

leading role in integrating modelling into mathematics 

education through Realistic Mathematics Education and 

related instructional frameworks  (Carreira & Blum, 2021; 

Freudenthal, 2002). Similar efforts have been reported in 

several Asian countries, where modelling is incorporated 

into mathematics curricula to strengthen learners' problem-

solving competencies and application of mathematical 

knowledge (Xu, 2016). In contrast, empirical evidence 

from African countries remains relatively limited, 

especially within teacher education institutions. Existing 

studies have largely focused on school mathematics and 

teacher preparation, leaving important gaps regarding the 

effectiveness of modelling instruction in preparing future 

mathematics teachers (Jacobs & Durandt, 2016; Jakobsen 

& Mhakure, 2024). 

In Rwanda, the Competency-Based Curriculum advocates 

learner-centred pedagogies that encourage critical 

thinking, problem-solving, and the application of 

knowledge to real-life situations (REB, 2020). Despite 

these policy aspirations, mathematics instruction in many 

classrooms continues to rely predominantly on teacher-

centred approaches that emphasize procedural knowledge 

rather than conceptual understanding (Hurrell, 2021). 

Therefore, student-teachers often experience difficulties in 

learning abstract mathematical topics, including matrices, 

which require learners to interpret symbolic 

representations, perform matrix operations, and apply these 

concepts to solve contextual problems (Munyaruhengeri et 

al., 2024). Such challenges may limit their achievement 

and their future capacity to teach mathematics effectively. 

While previous international studies consistently report 

positive effects of mathematical modelling on mathematics 

learning, little empirical evidence exists regarding its 

effectiveness in Teacher Training Colleges in Rwanda, 

particularly in the teaching of matrices. No published study 

has specifically examined whether mathematical modelling 

instruction improves the achievement of Year Two Science 
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and Mathematics Education student-teachers in matrices 

within Teacher Training Colleges in Rwanda's Southern 

Province. Addressing this gap is important because these 

institutions prepare future mathematics teachers whose 

instructional practices will influence mathematics learning 

in schools. Therefore, this study investigated the effect of 

mathematical modelling instruction on Year Two student-

teachers' achievement in matrices in selected Teacher 

Training Colleges in Rwanda. 

1.1 Problem Statement  

Despite the emphasis of Rwanda's Competency-Based 

Curriculum on learner-centred and problem-solving 

approaches, the teaching of mathematics in many Teacher 

Training Colleges (TTCs) remains largely teacher-centred, 

with greater emphasis on procedural knowledge than on 

conceptual understanding (Chari, 2025). As a result, 

student-teachers continue to experience difficulties in 

learning abstract mathematical topics such as matrices, 

which require logical reasoning, symbolic manipulation, 

and the application of mathematical concepts to real-world 

situations. Previous studies have reported persistent 

challenges in mathematics achievement among Rwandan 

student-teachers and identified limitations in the 

implementation of innovative instructional approaches that 

promote meaningful learning (Habiyaremye et al., 2023). 

Although mathematical modelling has been shown in 

several international studies to improve learners' 

conceptual understanding, problem-solving skills, and 

mathematics achievement, most of this evidence originates 

from Europe and Asia, with limited empirical research 

conducted in African teacher education contexts. 

Furthermore, no published study has specifically examined 

the effect of mathematical modelling instruction on Year 

Two Science and Mathematics Education student-teachers' 

achievement in matrices in Teacher Training Colleges in 

Rwanda. This knowledge gap limits evidence-based 

decisions regarding the adoption of modelling-based 

instruction in teacher education. Therefore, this study 

investigated the effect of mathematical modelling 

instruction on Year Two student-teachers' achievement in 

matrices in selected Teacher Training Colleges in Rwanda. 

1.2 Research Objectives 

The study generally aimed to determine the effect of 

mathematical modelling instruction on Year Two Science 

and Mathematics Education student-teachers' achievement 

in matrices in selected Teacher Training Colleges in 

Rwanda. Specifically, the study sought to: 

1. Compare the pre-test achievement of student-

teachers in matrices between the experimental and 

control groups before the intervention. 

2. Compare the post-test achievement of student-

teachers in matrices between those taught through 

mathematical modelling instruction and those 

taught using conventional instructional 

approaches. 

3. Determine whether mathematical modelling 

instruction significantly improves student-

teachers' achievement in matrices compared with 

conventional instructional approaches. 

The study sought to answer the following research 

questions: 

1. Is there a significant difference in the pre-test 

achievement of student-teachers in matrices 

between the experimental and control groups 

before the intervention? 

2. Is there a significant difference in the post-test 

achievement of student-teachers in matrices 

between student-teachers taught through 

mathematical modelling instruction and those 

taught using conventional instructional 

approaches? 

3. Does mathematical modelling instruction 

significantly improve student-teachers' 

achievement in matrices compared with 

conventional instructional approaches? 

2. Literature Review 

2.1 Theoretical Review  

This study was guided by Realistic Mathematics Education 

(RME) and Constructivist Learning Theory, which 

together provide a theoretical basis for understanding how 

mathematical modelling instruction can enhance student-

teachers' achievement in matrices. 

Realistic Mathematics Education (RME), developed by 

(Freudenthal, 2002), posits that mathematics should be 

taught through meaningful real-life contexts that enable 

learners to construct mathematical ideas from authentic 

situations. Rather than viewing mathematics as a collection 

of abstract rules, RME encourages learners to engage in the 

process of mathematization by identifying problems, 

developing mathematical models, solving them, and 

interpreting the results within their original contexts. In the 

teaching of matrices, this perspective enables student-

teachers to relate matrix concepts and operations to 
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practical situations, thereby promoting conceptual 

understanding and improving problem-solving skills. 

Constructivist Learning Theory complements RME by 

emphasizing that learners actively construct knowledge 

through exploration, interaction, reflection, and 

collaboration rather than passively receiving information 

(Stillman et al., 2015). Within mathematical modelling 

instruction, student-teachers collaboratively investigate 

contextual problems, formulate mathematical 

representations, test solution strategies, and evaluate the 

reasonableness of their results. Such learner-centred 

experiences foster deeper conceptual understanding, 

critical thinking, and meaningful learning, which are 

expected to enhance academic achievement. 

The integration of RME and Constructivist Learning 

Theory provides a strong theoretical foundation for this 

study. While RME explains the importance of 

contextualizing mathematical ideas through modelling, 

Constructivist Learning Theory explains how active 

engagement in modelling activities promotes knowledge 

construction. Together, these theories support the 

proposition that mathematical modelling instruction is 

more likely to improve student-teachers' achievement in 

matrices than conventional teacher-centred instructional 

approaches. 

2.2 Empirical Review  

Empirical studies have consistently demonstrated that 

mathematical modelling is an effective instructional 

approach for improving learners' achievement in 

mathematics. Across different educational contexts, 

modelling-based instruction has been associated with 

enhanced conceptual understanding, mathematical 

reasoning, problem-solving skills, and the ability to apply 

mathematical knowledge to real-life situations. 

Özer-Demir & Bukova-Güzel, (2024) found that students 

who learned through mathematical modelling achieved 

significantly higher academic performance and 

mathematical literacy than those taught using conventional 

instructional approaches. The study attributed these 

improvements to learners' active engagement in authentic 

mathematical investigations that promoted conceptual 

understanding. Similarly, (Wang et al., 2023) reported that 

mathematical modelling instruction significantly improved 

students' problem-solving ability, analytical thinking, 

creativity, and interpretation of mathematical solutions in 

real-world contexts. The authors argued that modelling 

enables learners to formulate mathematical representations 

of practical problems, solve them systematically, and 

evaluate the appropriateness of their solutions. 

Comparable findings have been reported by (Armutcu & 

Bal, 2023), who observed that integrating mathematical 

modelling within STEM education enhanced students' 

mathematical competencies, collaboration, and higher-

order thinking skills. Likewise, (Patullayeva, 2022) found 

that learners exposed to modelling-oriented instruction 

demonstrated significantly better mathematical reasoning 

and academic achievement than those taught through 

conventional methods. These improvements were 

attributed to the learner-centred nature of modelling 

activities, which encourage exploration, discussion, and 

reflective thinking. 

Despite this growing body of evidence, most empirical 

studies have been conducted in Europe and Asia, with 

relatively few investigations undertaken in African 

educational contexts. In Rwanda, existing research has 

primarily examined the implementation of the 

Competency-Based Curriculum, teachers' pedagogical 

knowledge, and general mathematics teaching practices, 

with limited attention given to the effectiveness of 

mathematical modelling as an instructional approach in 

Teacher Training Colleges. Furthermore, little empirical 

evidence exists on the teaching and learning of matrices 

through mathematical modelling, despite matrices being a 

fundamental topic in teacher education that requires strong 

conceptual understanding and problem-solving skills. 

The reviewed studies collectively suggest that 

mathematical modelling has considerable potential to 

improve mathematics achievement. However, the limited 

evidence from Rwandan Teacher Training Colleges, 

particularly regarding the teaching of matrices, indicates an 

important knowledge gap. This study therefore sought to 

determine the effect of mathematical modelling instruction 

on Year Two Science and Mathematics Education student-

teachers' achievement in matrices in selected Teacher 

Training Colleges in Rwanda. 

3. Methodology  

A quantitative research approach employing a quasi-

experimental pre-test–post-test control group design was 

adopted to determine the effect of mathematical modelling 

instruction on Year Two Science and Mathematics 

Education (SME) student-teachers' achievement in 

matrices. The study was conducted in two selected Teacher 

Training Colleges (TTCs) in Rwanda's Southern Province, 

namely Muhanga and Cyahinda TTCs. The colleges were 

purposively selected because of their relatively low 

performance in mathematics. Intact Year Two SME classes 

were used, comprising a sample of 103 student-teachers, 

with 51 students in the experimental group and 52 students 

in the control group. The experimental group was taught 

matrices using mathematical modelling instruction, while 

the control group received conventional instructional 
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approaches over a three-week intervention period. Ethical 

approval and permission to conduct the study were 

obtained from the University of Rwanda and districts in the 

southern province where the data were collected. 

Participation was voluntary, informed consent was 

obtained from all participants, and confidentiality and 

anonymity were maintained throughout the study. Data 

were collected using a researcher-developed Mathematics 

Achievement Test administered as both a pre-test and a 

post-test. The instrument was validated by experts in 

mathematics education. Quantitative data obtained from 

the pre-test and post-test achievement tests were entered 

into STATA MP/16 for analysis. Descriptive statistics, 

including means and standard deviations, were used to 

summarise student-teachers' achievement scores for the 

experimental and control groups. Inferential statistics, 

comprising independent samples t-tests and paired samples 

t-tests, were employed to determine whether there were 

statistically significant differences in achievement between 

and within the groups. Statistical significance was 

determined at the 0.05 level. 

4. Results and Discussion  
 
To compare the achievement of Year Two Science and 

Mathematics Education student-teachers in matrices taught 

through mathematical modelling instruction and those 

taught using conventional instructional approaches, the 

equivalence of the experimental and control groups was 

first established using pre-test scores. Descriptive statistics, 

including means and standard deviations, were computed 

to compare the achievement levels of the two groups before 

the intervention. The pre-test results are presented in Table 

1. 

 

Table 1: Pre-Test Scores of Experimental and Control Groups 

 Group N Mean  Standard Deviation 

Experimental group  51 39.909 12.54 

Control group  52 37.51 9.99 

Source: Primary data, May 2026.  

The findings in Table 1 show that the experimental group 

obtained a mean pre-test score of 39.91 (SD = 12.54), while 

the control group obtained a mean score of 37.51 (SD = 

9.99). The difference between the two mean scores was 

relatively small, suggesting that the two groups had 

comparable levels of prior knowledge in matrices before 

the intervention. Both groups showed a moderate spread of 

scores, meaning students within each group did not all 

perform at the same level. Since they started roughly 

similarly, comparing the effects of mathematical modelling 

and conventional teaching on their matrix work is a fair 

comparison. 

4.1 Effect of Mathematical Modelling 

Instruction on Student-Teachers' 

Achievement in Matrices 

Post-Test Mean Scores for Experimental and Control 

Groups 

 

Following the completion of the instructional intervention, 

the post-test was administered to both the experimental and 

control groups to assess students’ achievement in matrices. 

The post-test means scores and standard deviations were 

computed to provide a descriptive comparison of the 

academic achievement of the two groups before conducting 

the independent samples t-test. The results are presented in 

Table 2. 

Table 2: Post-Test Scores of Experimental and Control Groups 

Group N Mean  Standard Deviation 
Experimental group  51 60.64 9.57 

Control group  52 50.30 8.83 

Source: Primary data, May 2026.  

Table 2 presents the post-test mean scores and standard 

deviations for students in the experimental and control 

groups after the instructional intervention. The results 

show that students in the experimental group achieved a 

higher mean score (M = 60.64, SD = 9.57) than those in the 

control group (M = 50.30, SD = 8.83). 
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The difference of 10.34 points between the two groups 

suggests that students who were taught using the 

mathematical modelling instructional approach performed 

better in matrices than those who were taught using the 

conventional teaching approach. This indicates that 

mathematical modelling may have enhanced students’ 

understanding and application of matrix concepts. 

Both groups had fairly similar standard deviations (9.57 

versus 8.83), so scores were spread out to roughly the same 

degree in each. The experimental group also posted a 

higher mean, which hints that mathematical modelling may 

have helped students understand matrices better. 

 4.2 Independent samples t-Test for Post-

Test Scores in two groups 

In line with the first research objective, which sought to 

determine the effect of mathematical modelling 

instructional approaches on Year Two student-teachers' 

achievement in matrices, an independent-samples t-test 

was performed to compare the post-test mean scores of the 

experimental group named (1) and the control group named 

(0). The purpose of the analysis was to establish whether 

the observed difference in achievement between the two 

groups after the intervention was statistically significant. 

The results are presented in table 3. 

Table 3: Independent samples t-Test for Post-Test Scores in two groups 

 

Table 3 shows the results of post-tests in both groups. An 

independent-samples t-test was conducted to determine 

whether there was a statistically significant difference in 

post-test achievement scores between Year Two student-

teachers who were taught matrices using mathematical 

modelling instructional approaches (experimental group) 

and those who were taught using conventional instructional 

approaches (control group). As presented in table 3, the 

experimental group (𝑛 = 51) obtained a higher mean post-

test score (𝑀 =  60.65, 𝑆𝐷 =  9.57) than the control 

group (𝑛 = 52), which recorded a mean score of (𝑀 =
 50.31, 𝑆𝐷 =  8.84). The mean difference between the 

two groups was 10.34 points, indicating that student-

teachers exposed to mathematical modelling outperformed 

those taught using conventional instructional methods. 

The independent-samples t-test revealed that this 

difference was statistically significant, 𝑡(101)  =

 −5.70, 𝑝 <  .001. The 95% confidence interval for the 

mean difference ranged from -13.94 to -6.74, indicating 

that the true difference in mean post-test scores between 

the two instructional groups was unlikely to be due to 

chance. Since the p-value was less than the 0.05 level of 

significance, the null hypothesis stating that there is no 

statistically significant difference in post-test achievement 

between student-teachers taught using mathematical 

modelling instructional approaches and those taught using 

conventional instructional approaches was rejected. 

These findings demonstrate that mathematical modelling 

instructional approaches had a significant positive effect on 

Year Two student-teachers' achievement in matrices. The 

higher achievement of the experimental group suggests that 

engaging student-teachers in authentic modelling 

activities, where they identified real-life problems, 

formulated mathematical models, performed matrix 
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operations, interpreted solutions, and validated results, 

enhanced their conceptual understanding and academic 

performance. This finding supports Carreira and Blum 

(2021), who argue that mathematical modelling enables 

learners to connect abstract mathematical concepts with 

real-world situations, thereby making mathematics more 

meaningful and improving conceptual understanding. 

The findings are also consistent with the empirical studies 

reviewed in Section Two. For example, Özer-Demir and 

Bukova-Güzel (2024) reported that students who learned 

through mathematical modelling achieved significantly 

higher academic performance than those taught through 

conventional approaches because modelling promotes 

conceptual understanding through authentic mathematical 

investigations. Similarly, Wang et al. (2023) found that 

modelling instruction significantly enhanced students' 

problem-solving skills, analytical thinking, and ability to 

interpret mathematical solutions in real-life contexts. The 

superior performance of the experimental group in this 

study likewise indicates that mathematical modelling 

promoted a deeper understanding of matrices by 

encouraging learners to engage actively with mathematical 

concepts rather than relying solely on procedural 

computation. 

Furthermore, the results corroborate the findings of 

Armutcu and Bal (2023), who concluded that integrating 

mathematical modelling into mathematics instruction 

improves learners' higher-order thinking skills, 

collaboration, and meaningful learning. Likewise, 

Patullayeva (2022) observed that learners exposed to 

modelling-oriented instruction demonstrated significantly 

better mathematical reasoning and problem-solving 

performance than those taught using conventional 

methods. The present study extends these findings by 

providing empirical evidence that mathematical modelling 

is also effective in improving achievement in matrices 

among Year Two student-teachers in Rwandan Teacher 

Training Colleges. 

The findings further support the concerns raised by 

Habiyaremye et al. (2023) and Ukobizaba et al. (2021) that 

traditional lecture-based approaches commonly used in 

Teacher Training Colleges often fail to promote deep 

conceptual understanding of abstract topics such as 

matrices. The significantly lower post-test mean score 

recorded by the control group suggests that conventional 

instruction may be less effective in helping student-

teachers develop the conceptual understanding and 

problem-solving skills required for successful learning of 

matrices. 

From a theoretical perspective, these findings are 

consistent with the principles of Realistic Mathematics 

Education (Freudenthal, 2002), which emphasizes that 

meaningful mathematical learning occurs when learners 

engage with realistic contexts and progressively 

mathematize real-life situations. The findings also support 

Constructivist Learning Theory, which posits that learners 

construct knowledge actively through exploration, 

collaboration, reflection, and interaction (Stillman et al., 

2015). By engaging student-teachers in modelling tasks 

involving authentic situations, mathematical modelling 

created opportunities for active knowledge construction, 

resulting in significantly higher achievement than 

conventional teaching. 

Overall, these findings provide strong empirical evidence 

that mathematical modelling is a more effective 

instructional approach than conventional teaching for 

improving Year Two student-teachers' achievement in 

matrices. The results also address the research gap 

identified in Chapter Two by providing context-specific 

evidence from Teacher Training Colleges in the Southern 

Province of Rwanda, where limited empirical research had 

previously examined the effectiveness of mathematical 

modelling in teaching matrices. 

4.3 Independent Sample t-Test for Post-

Test Scores in the control group 
 

To determine whether there was a statistically significant 

difference in post-test achievement scores between male 

and female student-teachers in the control group, an 

independent samples t-test was conducted. This analysis 

was used to compare the mean post-test scores of the two 

gender groups and to establish whether gender had a 

significant influence on students' achievement in matrices 

after being taught using the conventional instructional 

approach. The results are presented in the table 4 below. 
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Table 4: Independent t-test of post-test in the control group 

 

Source: Primary data, May 2026. 

The table 4 above, shows the results of the post-test in the 

control group, where the independent samples t-test was 

conducted to determine whether there was a statistically 

significant difference in post-test mean scores between 

male and female students. The findings revealed that male 

students obtained a slightly higher mean score (𝑀 =
 51.93, 𝑆𝐷 =  7.28) than female students (𝑀 =
 48.56, 𝑆𝐷 =  10.12). However, the difference was not 

statistically significant, 𝑡(50)  =  1.38, 𝑝 =  0.172. Since 

the p-value was greater than 0.05, the null hypothesis was 

accepted. This indicates that there was no significant 

difference in post-test achievement between male and 

female students taught using the conventional teaching 

approach. Therefore, gender did not significantly influence 

students' achievement in matrices within the control group. 

4.4 Independent Sample t-Test for Post-

Test Scores in the experimental group 
  

To determine whether there was a statistically significant 

difference in post-test achievement scores between male 

and female student-teachers in the experimental group, an 

independent samples t-test was conducted. This analysis 

compared the mean post-test scores of male and female 

student-teachers to determine whether gender significantly 

influenced students’ achievement on matrices after they 

had been taught using the mathematical modelling 

instructional approach. The results are indicated in table 

below. 
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Table 5:Independent Sample t-Test for Post-Test Scores in the experimental group. 

 

 

 

The table 5 above, presents the independent samples t-test 

results comparing the post-test scores of male and female 

students in the experimental group. The results show that 

male students (n = 31) obtained a mean score of 59.06 (SD 

= 9.43), while female students (n = 20) obtained a mean 

score of 61.01 (SD = 9.50). Although female students 

recorded a slightly higher mean score than male students, 

the difference between the two groups was very small. 

The t-test results revealed that there was no statistically 

significant difference in post-test achievement scores 

between male and female students (𝑡 = −1.4873, 𝑑𝑓 =
 49, 𝑝 = 0.9283). Since the p-value (0.9283) is greater 

than the significance level of 0.05, the null hypothesis was 

not rejected. This indicates that gender did not significantly 

influence students' achievement in matrices after learning 

through mathematical modelling. 

These findings suggest that mathematical modelling 

benefited both male and female students equally. This  

 

approach provided all learners with opportunities to engage 

in problem-solving, critical thinking, and real-life 

applications of matrices regardless of gender. The nearly 

identical mean scores obtained by male and female 

students demonstrate that mathematical modelling 

promotes equitable learning outcomes among students. 

4.5 Improvement in Achievement 

Following Mathematical Modelling 

Instruction 

To determine whether the mathematical modelling 

instructional approach resulted in a significant 

improvement in students’ achievement in matrices, a 

paired samples t-test was conducted to compare the pre-test 

and post-test scores of the experimental group. The paired 

samples t-test is appropriate for comparing two related sets 

of scores obtained from the same participants before and 

after an instructional intervention. The results of the 

analysis are presented in the table below. 
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Table 6: Paired Sample T-Test for Experimental Group

 

Source: Primary data, May, 2026. 

From the table above, it shows that there is a significant 

difference between the pre-test and post-test scores of 

students in the experimental group after they were taught 

using the mathematical modelling instructional approach. 

The findings show that the experimental group had a mean 

pre-test score of 39.90 (SD = 12.55), which increased to a 

mean post-test score of 60.64 (SD = 9.57). This represents 

a mean improvement of 20.39 marks after the intervention. 

The paired samples t-test further revealed that this 

difference was statistically significant (𝑡(50)  =
 −14.04, 𝑝 <  0.001). Since the p-value is less than the 

significance level of 0.05, the null hypothesis that there is 

no significant difference between the pre-test and post-test 

scores is rejected. 

The findings indicate that the mathematical modelling 

instructional approach had a significant positive effect on 

students' academic achievement in matrices. The 

substantial increase in the mean score demonstrates that 

exposing learners to real-life mathematical situations, 

collaborative learning activities, and problem-solving tasks 

enabled them to develop a deeper understanding of matrix 

concepts than before the intervention. The reduction in the 

standard deviation from 12.55 in the pre-test to 9.57 in the 

post-test also suggests that students' performance became 

slightly more consistent after learning through 

mathematical modelling. 

These findings are consistent with those of  (Carreira & 

Blum, 2021), who found that mathematical modelling 

enhances students' conceptual understanding by enabling 

them to connect mathematical ideas with real-world 

experiences. Their study concluded that modelling 

encourages learners to construct mathematical knowledge 

actively rather than relying on memorization, leading to 

significant improvements in academic performance. 

4.6 Paired Sample t-Test for Control 

Group 

To determine whether there was a significant improvement 

in students’ achievement in matrices after instruction using 

the conventional teaching approach, a paired samples t-test 

was conducted to compare the pre-test and post-test scores 

of the control group. The paired samples t-test is 

appropriate for comparing two related sets of scores 

obtained from the same participants before and after 

instruction. The results of the analysis are presented in 

table below: 
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Table 7 Paired Sample t-Test for Control Group 

Source: 

Primary data, May 2026. 

In the table 7 above, a paired samples t-test was conducted 

to compare the pre-test and post-test scores of the control 

group after they were taught using the conventional 

teaching method. The results show that the mean score 

increased from 37.52 (SD = 10.00) in the pre-test to 50.31 

(SD = 8.84) in the post-test, representing a mean 

improvement of 12.79 marks. The paired samples t-test 

revealed that this improvement was statistically significant 

(𝑡(51)  =  −8.69, 𝑝 <  0.001). Since the p-value is less 

than 0.05, the null hypothesis is rejected. 

Although students in the control group showed significant 

improvement after instruction, the mean gain (12.79 

marks) was considerably lower than that of the 

experimental group (20.39 marks). This suggests that while 

the conventional teaching method improved students' 

understanding of matrices, it was less effective than the 

mathematical modelling instructional approach in 

enhancing academic achievement. These findings are 

consistent with those of (Habiyaremye et al., 2023), who 

observed that traditional teaching methods in Rwandan 

Teacher Training Colleges improve procedural knowledge 

but offer fewer opportunities for learners to develop 

conceptual understanding and real-life problem-solving 

skills. 

5. Conclusions and Recommendations 

5.1 Conclusion  

The study investigated the effect of mathematical 

modelling instruction on Year Two Science and 

Mathematics Education student-teachers' achievement in 

matrices in selected Teacher Training Colleges in Rwanda. 

The findings revealed that the experimental and control 

groups had comparable levels of achievement before the 

intervention, indicating that the groups were suitable for 

assessing the effect of the instructional approach. 

Following the intervention, student-teachers who were 

taught through mathematical modelling instruction 

achieved significantly higher post-test scores than those 

taught using conventional instructional approaches. 

Furthermore, the experimental group demonstrated 

significant improvement between the pre-test and post-test 

scores, confirming the effectiveness of mathematical 

modelling in enhancing achievement in matrices. These 

findings suggest that mathematical modelling promotes 

deeper conceptual understanding by enabling learners to 

connect abstract matrix concepts with real-life situations 

and engage actively in problem-solving processes. 

5.2 Recommendations  

Based on these findings, mathematics tutors in Teacher 

Training Colleges should integrate mathematical 

modelling activities into the teaching of matrices and other 

mathematics topics to improve student-teachers' 

achievement and conceptual understanding. Curriculum 

developers and teacher education institutions should 

strengthen the incorporation of mathematical modelling 

within mathematics curricula and teacher preparation 

programs. In addition, professional development 

opportunities should be provided to equip mathematics 

tutors with the knowledge and skills necessary for effective 

implementation of modelling-based instruction. Future 

studies may extend this research by examining the 

effectiveness of mathematical modelling in other 

mathematical topics and educational contexts. 
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