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ABSTRACT: This study investigated the effect of Mathematics laboratory usage on
development of students' Mathematics skills in public secondary schools in
Musanze District, Rwanda. This study blueprinted the specific objective: to explore
the effect of Mathematics laboratory usage components on self-reported measures
in selected secondary schools. A total of 2663 students and 16 Mathematics teachers
were selected and used to calculate a sample size of 348 students and 16
Mathematics teachers, which represented the majority of the population. The
research used a mixed-methods approach, combining quantitative data from surveys
with qualitative insights from interviews and classroom observations. The study
assessed four key components of Mathematics laboratory usage: frequency of lab
use, types of lab activities, quality of lab resources and teacher training and support.
These components were analyzed in relation to the measure of Mathematics skills
development unto self-reported measures. Quantitative findings revealed positive
correlations between Mathematics laboratory usage and skills development across
self-reported measures. Regression analyses showed that laboratory usage
components collectively explained 23.5% in self-reported measures. Qualitative
data from teacher interviews highlighted the importance of diverse, hands-on
activities in fostering critical thinking and real-world application of mathematical
concepts. Classroom observations revealed stark differences between day and
boarding schools in terms of student engagement, confidence and resource
availability, underscoring the impact of well-equipped laboratories on learning
outcomes. The study recommends that schools enhance curriculum integration of
lab activities, invest in quality resources and support continuous teacher training.
Teachers should use engaging lab activities to reinforce theory and promote active
learning, while students are encouraged to participate actively and seek support
when needed. These findings highlight the potential of Mathematics labs to improve
learning outcomes in Rwandan secondary schools, with implications for education
policy and practice nationally and internationally.

I. INTRODUCTION

A solid foundation in Mathematics is vital for careers in fields like engineering, finance, and data analysis. In developed

nations, this competency underpins economic success, fueling opportunities in high-demand industries and contributing to national
innovation and prosperity (Filgona & State, 2020). Mathematics education’s importance extends beyond academics, equipping
individuals with practical problem-solving skills that are essential for navigating complex challenges in modern society (Zrudlo,

2024).
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In developing regions, Mathematics education plays a crucial role by providing individuals with critical numeracy and
problem-solving skills, which enhance daily decision-making and professional competence. For example, Mathematics aids in
sustainable economic development, supporting tasks like financial planning and investment analysis in sectors such as agriculture
and infrastructure (Jayanthi, 2019). Furthermore, Mathematics fosters technological skills, bridging the digital divide in these
regions, as seen in initiatives that promote digital literacy (Umugiraneza et al., 2017).

Mathematics laboratories have evolved significantly in developed countries, emphasizing hands-on activities and
technology, experiential learning. Early advocates like John Dewey championed the idea that students should actively engage with
concepts rather than passively receive information, leading to the integration of laboratory methods in the 20th century (Aceska,
2016; Zrudlo, 2024). Modern laboratories utilize technology, integrating real-world applications and inquiry-based learning
approaches to build mathematical reasoning, which enhances student engagement and understanding (Baharin et al., 2018;
Abdurrahman et al., 2021).

In developing nations, Mathematics laboratories emphasize community involvement and cultural relevance. Programs like
Brazil’s Mathematics Circles and Kenya’s Mathematicians in the Middle have fostered collaborative learning and local engagement,
helping to bridge educational gaps in disadvantaged areas (Sujeewa et al., 2021; Kunwar, 2020). Many of these laboratories also
incorporate technology, as in South Africa’s Mathematical Literacy Project, which uses graphing calculators and software to enable
deeper exploration of mathematical concepts (Barakabitze et al., 2019).

In Rwanda, educational reforms have positioned Mathematics as essential to national development, though challenges like
resource limitations and rural access disparities persist (Vuong et al., 2019; Rapoport & Berta, 2019). While initiatives such as the
Rwanda Basic Education Board’s “Science and Mathematics Centers” provide resources, full-scale Mathematics labs remain scarce,
contributing to students’ perception of Mathematics as abstract (Nungu et al., 2023; Nsengimana, 2021). However, the government’s
focus on STEM education and potential for integrating technology in labs could transform Mathematics learning, making it more
practical and accessible (Scholar, 2021). This study proposes that further research on lab usage and its effects on student
development will guide effective teaching strategies and resource allocation in Rwanda. Mathematics laboratories in Rwanda present
both challenges and opportunities in enhancing Mathematics education. There are key challenges and opportunities associated with
Mathematics laboratories in Rwanda: it faces challenges in terms of limited resources for establishing and maintaining Mathematics
laboratories. This includes but is not limited to lack of funding, access to appropriate technology and availability of manipulatives
and materials. Mathematics laboratories involve skilled and trained teachers who can effectively use the resources and techniques
available (Nungu et al., 2023). However, a lack of teacher training and professional development opportunities in Rwanda hinders
the effective implementation of Mathematics laboratories.

Additionally, in some regions of Rwanda, there are limited infrastructure and internet connectivity, they present challenges in
accessing technology-based Mathematics laboratories (Scholar, 2021).

In Musanze District, there are two related problems: students face difficulties in developing their Mathematics skills and
Mathematics laboratories are not utilized enough, they cause poor performance in assessments and a lack of confidence in real-life
Mathematics practices. These intertwined issues affect negatively the students' academic performance and future opportunities. Poor
Mathematics performance can moderate students' chances of pursuing STEM-related fields, perpetuating socioeconomic disparities
(Ohei, 2023). Weak problem-solving and critical thinking skills can hinder future career prospects in a data-driven economy
(Ezinwanyi, 2020). Negative attitudes towards Mathematics can limit personal growth and societal progress towards innovation and
development (Makarova et al., 2019). This study aims to investigate how the use of Mathematics laboratories influences skill
development among students in selected public secondary schools in Musanze District, Rwanda.

1.1 Statement of the Problem

Since the 1994 Tutsi genocide, Rwanda's education system has focused on universal access and quality, emphasizing
science and technology (Education, 2023). While progress has been substantial, challenges remain in enhancing Mathematics
education; national and international assessments indicate Rwandan students lagging behind regional and global standards (Vuong
et al., 2019). To address these issues, Rwanda Basic Education Board (REB) introduced a Competency-Based Curriculum and
initiatives like "One Laptop per Child." However, barriers such as dependance on rote learning, teacher shortages, and limited
training in active learning approaches continue to impact their effectiveness (Fidele et al., 2019). Mathematics laboratories offer a
promising solution by promoting active learning and practical applications, though they are underutilized and require more
investment to maximize their impact (Nsengimana, 2021).

In Rwanda, only a few schools have Mathematics labs, and resource shortages and inadequate upkeep limit their
effectiveness (Ukobizaba et al., 2021). Teachers often lack the necessary training to integrate lab activities into the curriculum,
leading to underuse and misconceptions about their purpose (Sibomana et al., 2021; Bainomugisha et al., 2023). This contributes to
students’ difficulties in developing strong Mathematics skills, which affects their performance, confidence, and prospects in STEM
careers (Ohei, 2023).
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Research on Mathematics education in Rwanda has not thoroughly investigated lab usage, creating a gap in understanding.
Addressing these challenges in Musanze District secondary schools is essential for improving learning quality and skill
development. This study aims to fill this gap by examining both teachers' and students' views on Mathematics labs and analyzing
how lab use affects skill development and academic achievement in Musanze District.

1.2 Study Objectives
The general objective of this study was to determine the effect of Mathematics laboratory usage on students' Mathematics
skills development in public secondary schools in Musanze District, Rwanda. Specifically, the study intends to:
i. Explore the effect of Mathematics laboratory usage components on self-reported measures in selected secondary
schools in Musanze District.

1.3 Research Question
This study aims to address the following question:
i. How do Mathematics laboratory usage components affect self-reported measures in selected secondary schools in
Musanze District?

II. LITERATURE REVIEW
2.1 Theoretical Review

A theoretical review emphasizes conceptual frameworks rather than practical applications. This study’s foundation relies
on constructivist educational theories, which focus on learners actively building knowledge through experiences and social
interactions. Constructivism, as highlighted by Zaccaro et al. (2015), posits that students develop understanding by engaging with
content, linking new information to existing knowledge, and collaboratively making sense of material through inquiry and problem-
solving. Breuleux (2015) reinforces that students' prior knowledge is crucial for learning new concepts, while Baker et al. (2023)
underscore the importance of relating Mathematics to real-world contexts to deepen understanding.

Active learning, closely tied to constructivism, emphasizes hands-on exploration, fostering curiosity and a deeper
appreciation for Mathematics (Jeong, 2020). Schwarts et al. (2023) note that constructivism advocates for engaging students actively
with concepts, allowing them to better grasp mathematical principles through exploration and practical application. This approach,
according to Morgan (2021), also enhances collaborative learning, where social interaction and communication are vital for students
to develop and share mathematical knowledge, as well as critical thinking skills (Slavin, 2018).

Experiential learning builds on these principles by involving students in activities and projects that connect mathematical
concepts to real-world situations (Baker et al., 2023). Through exploration and experimentation, students are encouraged to reflect
on their experiences, link them to prior knowledge, and draw meaningful insights. Kunwar (2020) further notes that collaborative
tasks enable students to learn from each other's perspectives, fostering communication and teamwork. Experiential learning activities
thus make Mathematics relevant by embedding it in authentic contexts, supporting both understanding and skill development
(Vuong et al., 2019).

Interactive methods such as simulations and educational games enhance engagement and bring abstract concepts to life
(Jeong, 2020). These tools allow students to experience practical applications of Mathematics, which are crucial for bridging abstract
and real-world contexts, as emphasized by Jones and Tiller (2017). Field trips, guest speakers, and experiential exhibits, as suggested
by Kunwar (2020), offer students hands-on connections to professional applications of Mathematics. Constructivist and experiential
learning theories emphasize active student engagement and practical relevance, while cognitive theories support skill development
approaches (Baker et al., 2023; Jean de Dieu et al., 2022). Effective technology integration through Mathematics laboratories fosters
active learning, collaboration, and critical thinking, highlighting the need for ongoing professional development and equitable access
(Jeong, 2020).
Mostly, a constructivist and experiential approach foster active participation, collaboration and problem-solving, creating a dynamic,
learner-centered environment that strengthens students' appreciation and critical thinking skills in Mathematics.

2.2 Empirical Review

Strong Mathematics skills are essential for individual growth and societal progress, fostering analytical thinking, problem-
solving, and logical reasoning (Filgona & State, 2020). These skills support cognitive development, enhance financial literacy, and
are critical for careers in high-demand STEM fields, fueling innovation and economic growth (U.S. Department of Labor, 2023).
Despite their significance, Mathematics education faces obstacles, including ineffective teaching methods and insufficient resources,
which could be mitigated through active learning, technology integration, and enhanced teacher training (Akkus, 2016). Developing
these competencies is crucial for informed decision-making, resilience, and meaningful societal contributions (Kunwar, 2020).

Mathematics laboratories are crucial for enriching student learning by providing hands-on, experiential activities that
simplify complex concepts and make abstract ideas more accessible. Such laboratories promote active participation, collaborative
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learning, and critical thinking, helping reduce Math anxiety and boost confidence among learners (Charles-Ogan et al., 2016; Slavin,
2018). Integrating technology in these labs further enhances learning by preparing students for data-driven fields and enabling them
to visualize complex ideas (Nungu et al., 2023). By supporting diverse learning styles and linking Mathematics to real-world
applications, these labs create a dynamic and engaging learning environment that strengthens conceptual understanding and student
confidence (Baker et al., 2023).

Challenges to quality Mathematics education include shortage of adequate infrastructure, teacher training deficits, outdated
curricula, and limited resources (Morgan, 2021). Addressing these issues requires infrastructure investment, professional
development for educators, and bridging curriculum gaps with national standards. Additionally, promoting student engagement,
improving resource access and supporting culturally responsive teaching are crucial (Kunwar, 2020).

Empirical studies demonstrate the effectiveness of Mathematics laboratories in enhancing practical skills and critical
thinking through hands-on activities and technology (To & Future, 2020). Well-equipped labs enable students to apply theoretical
knowledge to real-world scenarios, improving participation and academic performance despite obstacles like cost and training needs
(Bilican & Senler, 2021). For example, programs such as Ghana’s "Mathematics in a Box," South Africa’s Numeracy Lab Project,
and Ethiopia’s "Mathematics on the Move" have shown that Math labs, equipped with manipulatives and local materials, improve
problem-solving skills and student engagement (Agyei et al., 2018; Kuhl, 2021; Delorme, 2016). Success in these initiatives hinges
on context-specific activities, continuous teacher training and collaboration with stakeholders to ensure sustainability (Barakabitze
etal., 2019; Vuong et al., 2019).

III. RESEARCH METHODOLOGY

This study adopted a mixed-methods approach to gather both quantitative and qualitative data, aiming to explore the impact
of Mathematics laboratory usage on skill development among students in Musanze secondary schools. Using Slovin's formula
(2010), referenced in Lohr (2021), a sample size of 364 respondents was determined, including 348 Mathematics students randomly
selected from a population of 2,663 and 16 Mathematics teachers, with the total population being 2,679. Data collection methods
included surveys, interviews and observations to capture a detailed picture of Mathematics education practices and their effects on
student outcomes. Quantitative data was analyzed using SPSS 20.0, while narrative analysis was applied to data from teacher
interviews and classroom observations.

IV. FINDINGS & DISCUSSIONS
4.2 Response Rate

The table below illustrates the response rate for all participants relative to the total sample size.
Table 1. Responses Rate

Targeted Schools Students Mathematics teachers
Participants Responses % Participants Responses %
GS Cyabagarura 76 76 100 | 4 4 100
GS Karwasa 116 116 100 |5 5 100
ESSA-Ruhengeri 70 70 100 | 3 3 100
GSNDA Rwaza 86 86 100 | 4 4 100
Total 348 348 100 | 16 16 100

Source: Primary data (2024)

As shown in table 1, all the respondents actively participated in the information gathering. In other words, the response
rate is 100% for both students and Mathematics teachers.

4.3 Respondents Characteristics

The identification of the participants who contributed to this study, demographic information was collected. This included
details such as participant category, gender, age range, years of teaching experience and educational background. The accompanying
table presents this essential data. About the demographic information of students, the details included gender, age, time spent at the
current school, type of program and class enrolled in.

DOIL: https://doi.org/10.55677/SSHRB/2026-3050-0101 pg. 4


https://doi.org/10.55677/SSHRB/2026-3050-0101

Alphonse Ngayubwiko (2026), Social Science and Human Research Bulletin 03(01):01-12

Table 2. Demographic Information of Teachers (N=16)

Descriptive Label Frequency Percentage

Regular Teacher 14 87.5
(Category of Respondents Pa;gt Time Teacher 2 12.5
Male 10 62.5
Gender of Respondents Formale 5 375
18-30 Years 3 18.8
IAge group of Respondents 31-42 Years ! 43.8
43-55 Years 5 31.3

56 Years and above 1 6.1
0-1 year 2 12.5
Teaching Experience 2-5 years 3 18.8
6-10 years 6 37.5
11 years and above 5 31.1

. A2 0 0.0
[Education level Al 3 178
A0 13 81.2

Source: Primary data (2024)

Table 2 shows that 87.5% of respondents are regular teachers, while 12.5% are part-timers. Table 4.2 indicates that 62.5%
of respondents are male and 37.5% are female, with fewer female Mathematics teachers. The age category reveals that 43.8% of
respondents are between 31-42 years, and only 6.1% are 56 years and above, suggesting that most Mathematics teachers are younger.
Table 4.3 shows that 37.5% have 6-10 years of teaching experience, 31.1% have over 11 years, and 12.5% have less than one year.
Most Mathematics teachers (81.8%) hold a Bachelor's degree, aligning with Rwanda's education policy requiring secondary school
teachers to have completed university studies.

Table 3. Demographic Information of Students (N=348)

Descriptive Label Frequency %
Gender of Respondents Male 70 20.1
Female 278 79.9
Below 14 Years 24 6.9
Age of Respondents 15-18 Years 213 61.2
19 Years and above 111 31.9
Less than or equal one Year 95 27.3
Time spent at this School 2-5 Years 249 71.6
6 Years and above 4 1.1
Type of Program Day Scholar 192 55.2
Boarding 156 44.8
2nd Year 41 11.8
3rd Year 45 12.9
Class enrolled in 4th Year 84 24.1
5th Year 154 443
6th Year 24 6.9

Source: Primary data (2024)

Table 3 shows that 20.1% of students were male and 79.9% were female. Most students (61.2%) were aged 15-18, with
6.9% below 14. Regarding their time at the current school, 27.3% had spent 1 year or less, 71.6% had spent 2-5 years, and 1.1%
had spent over 6 years. Additionally, 55.2% were day scholars, while 44.8% were boarders. The majority were in senior five
(44.3%), and the minority were in senior six (6.9%).
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Table 4. Perceptions of Students on Self-Reported Measures

Statements Mean Comments Std. Deviation Comments
We feel fident lying th thematical

¢ fect conlicent app y1.ng ¢ matliematica 4.6063 Strong 2.24511 Heterogeneous
concepts we have learned in the lab.
Engaging in Mathematics lab activities helps me
understand mathematical concepts. 4.7011 Strong .62355 Heterogeneous
Math lab activities improve problem-solving
and critical thinking skills. 4.8506  Strong 40255 Homogeneous
Overall Total 4.72

Source: Primary data (2024)

Table 4 shows that students highly agreed with self-reported measures, with an overall mean of 4.72. They felt confident
applying mathematical concepts learned in the lab (mean of 4.6063, standard deviation of 2.24511) and agreed that lab activities
help them understand mathematical concepts indicated by a mean of 4.7011 and heterogeneous standard deviation of 0.62355. They
also strongly agreed that lab activities improve problem-solving and critical thinking skills at a mean 4.8506 and homogeneous
standard deviation of 0.40255. The findings are supporting by Charles-Ogan et al. (2016) and Slavin (2018) who emphasize the role
of hands-on lab activities in fostering deeper mathematical comprehension and critical thinking.

Table 5. Teachers’ Perceptions on Self-Reported Measures
Statements Mean  Comments Std. Deviation = Comments

Students' understanding and application of
mathematical concepts demonstrate their use 4.3125
of a well-equipped Mathematics laboratory.

St
TOng 47871 Homogeneous

Doing lab activities and experiments helps
students feel more positive about Math and 4.6875  Strong 47871 Homogeneous
boosts their performance.

The hands-on approach of a Mathematics
laboratory inspires students to apply

. o 4.5000 St 51640 Het
mathematical principles to solve real-world rong eterogeneous
problems.

Overall Total 4.5

Source: Primary data (2024)

Table 5 illustrates that teachers have a strong consensus on the positive impact of Mathematics lab usage on students'
learning, with an overall mean of 4.5. Teachers agreed that a well-equipped Math lab improves students’ understanding and
application of concepts (mean =4.31, SD = 0.48), aligning with findings by Charles-Ogan et al. (2016) on the benefits of resourceful
lab environments. They also noted that lab activities enhance students' attitudes and performance in Math (mean =4.69, SD = 0.48),
echoing Slavin's (2018) view on experiential learning. Moreover, teachers emphasized that hands-on lab experiences inspire
practical application of Mathematics in real-world scenarios (mean = 4.5, SD = 0.51), consistent with Baker et al. (2023), who
highlight active learning’s role in fostering real-world skills.

4.4 Effect of Mathematics Laboratory Usage Components on Self-Reported Measures
This section demonstrates how the collected data addresses the research question and fulfills the study objective of the
study. Then, the tables below relate to regression analysis and correlation coefficients for consistent interpretation.

Table 6. Model Summary on Self-Reported Measures

Model Summary

Model R R Square Adjusted R Square Std. Error of the Estimate
1 4852 235 226 .54856
a. Predictors: (Constant), Frequency of lab use, Types of lab activities, Quality of lab resources, Teacher training and support
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The results included in table 6 indicated that the coefficient of determination R? is 0.235 representing 23.5% indicating that
Mathematics laboratory usage components contribute to self-reported measures, while 0.765 representing 76.5% comes from other
variables that are not included in the model three. Adjusted R Square (0.226) proves a more conservative estimate of the model's
explanatory power, adjusting for the number of predictors. It suggests that about 22.6% of the variance is explained by the model
when accounting for the number of predictors. Overall, this model explains a modest but meaningful portion of the variance in the
dependent variable (self-reported measures). While it provides some useful insights, it also suggests that there are other factors not
included in the model that influence the outcome. The model's explanatory power, while not extremely high, is still substantial
enough to be considered informative, especially in the context of educational research where many factors can influence outcomes.

The coefficient of determination (R* = 0.235) suggests that Mathematics lab components account for 23.5% of the variance
in self-reported measures, aligning with research that views lab resources as one of several contributors to learning outcomes in
Mathematics (Charles-Ogan et al., 2016). The adjusted R? of 0.226, offering a conservative estimate, indicates that while lab
components are influential, other unaccounted variables likely play significant roles in educational achievement, mirroring findings
from Slavin (2018) that emphasize the multifactorial nature of student performance in complex subjects like Mathematics.

Table 7. Anova on self-reported measures

ANOVA?
Model Sum of Squares df Mean Square F Sig.
Regression 31.705 5 7.926 26.341 .000P
1 Residual 103.214 343 301
Total 134.920 348

a. Dependent Variable: Self-reported measures
b. Predictors: (Constant), Frequency of lab use, Types of lab activities, Quality of lab resources, Teacher training and support

From ANOVA Table 7, the F-test is 26.341 has a p-value 0.000. This implies that all Mathematics laboratory usage
components variables jointly have positive and significant effect on self-reported measures.

The results match with studies by Charles-Ogan et al. (2016) and Jeong (2020) that highlight that integrating various
elements such as frequent lab use, quality resources and diverse activities enhances students' engagement and understanding in
Mathematics. Additionally, Slavin (2018) points out that structured, well-supported lab programs promote active learning and foster
positive student attitudes. This significant joint effect thus reflects literature findings on the importance of a holistic, resource-rich
laboratory environment in improving students’ Mathematics learning experiences.

Table 8. Coefficients on self-reported measures

Coefficients®
Model Unstandardized Standardized t Sig.
Coefficients Coefficients
B Std. Error Beta
(Constant) 1.631 398 4.098 .000
Frequency of Lab use .097 .063 .078 1.532 126
1 Types of lab activities 198 .034 293 5.862 .000
Quality of lab resources -.016 .044 -.017 -.352 7125
Teacher training and support | .376 .068 282 5.551 .000

a. Dependent Variable: Self-reported measures

From coefficients of table 8, findings indicate that Mathematics laboratory usage has significant effect on self-reported
measures (B1= 0.78, t=1.532, sig. =0.126). This shows that 1-unit increase in frequency lab use leads 0.78-unit change in self-
reported measures. Types of lab activities have significant effect on self-reported measures (2= 0.293, t=5.862, sig. =0.000). This
indicates that 1-unit increase in types of lab activities leads to 0.293-unit change in self-reported measures.

The results from table 8 align with existing literature, which underscores the importance of both frequent lab use and
diverse activities in enhancing Mathematics learning outcomes. For instance, Charles-Ogan et al. (2016) and Slavin (2018) note that
regular, hands-on lab experiences not only improve students’ engagement but also positively affect self-reported measures of
confidence and understanding. The significant coefficient (31 = 0.78) for lab usage frequency reflects this, suggesting that more
frequent lab activities correlate with stronger self-assessed skill gains. Similarly, the strong significance of diverse lab activities (2
= 0.293) aligns with findings by Nungu et al. (2023), who argue that a variety of lab tasks enrich learning by catering to different
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cognitive styles, thereby enhancing comprehension and retention. These results confirm that both consistent use and activity variety

are critical components of effective Mathematics lab practices.

Table 9. Correlation analysis of the Relationship between Mathematics Laboratory Usage and Development of Students’
Mathematics Skills (N=16 Teachers)

Descriptive Self-reported measures

Frequency of lab use Pearson Correlation 405
Sig. (2-tailed) 120
N 16

Types of lab activities Pearson Correlation 234
Sig. (2-tailed) 384
N 16

Quality of lab resources Pearson Correlation -.275
Sig. (2-tailed) 302
N 16

Teacher training and support Pearson Correlation 324
Sig. (2-tailed) 221
N 16

Source: Primary Data (2024)

The correlation analysis reveals that the frequency of mathematics lab use has a moderate positive correlation (r = .405)
with students' skill development, though it is not statistically significant (p =.120). This suggests that more frequent lab use may be
linked to improved skills, but further research would be needed to confirm this relationship. Similarly, the types of lab activities
show a weaker positive correlation (r = .234, p = .384) with skill development, indicating that varied activities could support skill
enhancement but without strong statistical backing in this sample.

In terms of lab resources and teacher training, the quality of lab resources has a slight negative correlation (r = -.275, p =
.302), implying that resource quality might not directly influence skill development as expected. However, teacher training and
support show a modest positive correlation (r = .324, p = .221), suggesting that training may aid skill development, though the
significance is again low. On the whole, while the data indicate possible positive trends, the small sample and lack of statistical
significance mean these results provided by 16 teachers are more indicative than conclusive. These findings match with literature
emphasizing that while frequent use and varied activities in Mathematics labs can positively influence students' skill development,
the impact is often moderated by factors such as resource quality and teacher support (Charles-Ogan et al., 2016; Slavin, 2018).
Studies suggest that labs offer meaningful hands-on experiences, promoting active engagement and critical thinking, yet their
effectiveness depends on the availability of quality resources and teacher preparedness (Nungu et al., 2023; Kunwar, 2020). Teacher
training, specifically, is highlighted as a crucial factor that can enhance lab effectiveness by equipping educators with the skills to
integrate lab activities into the curriculum, which reinforces learning outcomes (Jeong, 2020; Morgan, 2021). Consequently, while
the current study shows positive correlations between lab usage and skill development, it underscores the importance of adequate
resources and teacher training for maximizing lab benefits in Mathematics education.

Table 10. Correlation analysis of the Relationship between Mathematics Laboratory Usage and Development of Students’
Mathematics Skills (N=348 Students)

Descriptive Self-reported measures
Frequency of lab use 369
) Types of lab activities 198
P Correlat .
carson L-ofretation Quality of lab resources .109
Teacher training and support 499
Frequency of lab use .000
. . Types of lab activities .000
Sig. (1-tailed .
ig. (1-tailed) Quality of lab resources .021
Teacher training and support .000

Source: Primary Data (2024)
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The correlation analysis table 10 reveals the relationship between various components of Mathematics laboratory usage
and self-reported measures on student outcomes. Notably, "teacher training and support" has the highest positive correlation with
self-reported measures, reflected by a Pearson correlation coefficient of 0.499 and a highly significant p-value (Sig. = 0.000). This
suggests that increased teacher training and support are strongly associated with improved self-reported outcomes among students,
emphasizing the importance of well-prepared educators in maximizing the benefits of lab resources. Additionally, "frequency of lab
use" also shows a moderate positive correlation (0.369) with self-reported measures, indicating that more frequent lab use may
enhance student learning experiences, with statistical significance at p = 0.000.

While other variables like "types of lab activities" and "quality of lab resources" show weaker correlations with self-
reported measures (0.198 and 0.109, respectively), they still contribute to students' perceptions of their learning experiences. The
significance levels (p = 0.000 for "types of lab activities" and p = 0.021 for "quality of lab resources") suggest these components
also play arole, albeit less prominently, in shaping self-reported outcomes. This indicates that while lab resources and activity types
are valuable, teacher support and lab frequency have more substantial impacts on students’ engagement and confidence in applying
mathematical concepts.

The correlation analysis highlights that teacher training and support (0.499) and frequency of lab use (0.369) significantly
impact student outcomes, aligning with research that emphasizes the role of well-prepared teachers and regular lab activities in
enhancing student engagement and understanding of mathematics (Slavin, 2018; Breuleux, 2015). Although the types of lab
activities and quality of resources showed weaker correlations, studies suggest these factors still play a role in supporting an effective
learning environment by making abstract concepts more accessible and engaging (Akkus, 2016; Morgan, 2021). Overall, consistent
teacher support and frequent lab use appear essential for optimizing Mathematics learning experiences.

4.5 Presentation of Qualitative Results

This section discusses the information collected from interview with teachers and data collected from the classroom
observation. The observed classrooms involved Mathematics subjects to get first-hand information of what goes on during learning.
4.5.1 Information Collected from Interview

This section presents information gathered from interviews with four teachers of Mathematics teachers: three males with
Bachelor's degrees and one female with a Diploma. Two of the teachers have over five years of teaching experience, while the other
two have less than five years. The interview focused on three questions about laboratory activities' contributions to students'
Mathematics skills, their enhancement of mathematical abilities and their role in the overall learning process. Additionally, the
interview explored the role of self-reported measures in evaluating students' Mathematics performance.

For the first question, respondents’ views on how laboratory activities contribute to students' Mathematics skills
development, respondents highlighted “Exercises, home works, quizzes, group works or projects are specific activities that have a
more significant impact on students learning outcomes in Mathematics”. Further, they revealed that “Understanding and
memorization without providing efforts and level of success are consolidated by Mathematics laboratory activities”. One of the
respondents stressed “Critical thinking, problem solving, experiments, demonstrations (remembering), preciseness and connecting
to real life problems are built on use of Mathematics Lab materials”. Another highlighted that “through calculation and manipulation
of Mathematics lab tools, using ICT tools (Apps) contribute to the development of Mathematics skills.”

The second question concerns with how different types of laboratory activities contribute to the enhancement of students'
mathematical abilities; and the role these activities play in the overall Mathematics learning process. Participants focused on
collaboration and active learning and practical as they say, “Collaboration and discussions contribute to the enhancement of
Mathematics abilities by influencing each other”, and “Active learning contributes a lot to the development of Mathematics skills
by evoking their effort”. “Practice makes better than memorization. To mean that Mathematics activities foster the development of
Mathematics abilities” “Mathematical lessons boost or foster students’ abilities and help them to like Mathematics™.

When asked on the role of the standardized test scores while evaluating students' Mathematics performance, teachers said
that the “Level of understanding, confidence, grading, promoting areas to improve and hardworking are all influenced by these
measures.” They further revealed that “to know where is-the problem for improvement is, to facilitate students for betterment, come
from these measures.” One of the respondents stressed that “Scrutinizing students’ abilities, valuing what they are studying,
improving strategies and methods, self-evaluation, grading and career guiding facilitated these measures.” while another posits that
“Understanding and level of knowledge and skills about Mathematics, influence to like Mathematics, adaptability of each student
in using Math lab materials, all help students to be familiar with Mathematics tools.”

All in all, interviews with the four teachers from different schools highlighted the significance of various laboratory
activities in developing students' Mathematics skills. Teachers emphasized that exercises, group work, and IT tools foster critical
thinking, problem-solving, and real-life application of mathematical concepts, with collaboration and active learning proving more
effective than memorization. Self-reported measures play crucial roles in evaluating students' performance, identifying areas for
improvement, boosting confidence and guiding career paths. Therefore, diverse hands-on activities and comprehensive evaluation
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methods in Mathematics education are found important. Conclusively, Mathematics lab use significantly contributes to students'
development of Mathematics skills. All these findings align with literature that emphasizes the role of active, hands-on activities in
Mathematics labs, which enhance students' critical thinking, problem-solving, and real-world application skills (Charles-Ogan et
al., 2016; Slavin, 2018). Additionally, self-reported measures, as observed in the study, are vital for understanding student progress,
motivation, confidence and areas needing improvement, echoing Jeong's (2020) emphasis on the value of self-assessment in
fostering students' confidence and shaping targeted instructional support.

4.5.2 Data Gathered from Classroom Observations

Observations of SSMCE (day scholars) and SSPCM (boarding school) Mathematics classes revealed notable differences in student
engagement and resource availability. SSPCM students exhibited higher motivation, active participation, and stronger problem-
solving skills, facilitated by access to resources like calculators, ICT tools, and exercise materials. In contrast, SSMCE students
were less engaged and lacked essential learning tools. This disparity emphasizes the importance of well-equipped laboratories and
supportive environments in enhancing student motivation, participation, and mathematical skills, highlighting the need for equitable
resource access and effective teaching methods across all schools. These findings support existing literature that highlights the
critical role of well-resourced learning environments in fostering student engagement, motivation and skill development, as well as
the need for equitable resource distribution to ensure consistent educational outcomes (Slavin, 2018).

V. CONCLUSIONS & RECOMMENDATIONS
5.1 Conclusions

The study was conducted in GS Cyabagarura, GS Karwasa, ESSA-Ruhengeri, and GSNDA Rwaza, focusing on the impact
of Mathematics laboratory usage on students' Mathematics skills. Findings highlighted that all factors of lab usage (frequency, types
of activities, quality of resources and teacher training and support) positively affect the development of students' Mathematics skills
in the selected public schools in Musanze District.

The study demonstrates that Mathematics laboratory usage significantly affects students' development of Mathematics
skills in Musanze District, Rwanda. The data reveals that both students and teachers perceive lab activities as essential for enhancing
students' confidence, problem-solving abilities and understanding of mathematical concepts. While various components of the lab
experience, such as frequency of use, types of activities and teacher support, were found to be important, the most substantial impact
came from teacher training and the variety of lab activities.

This finding underscores the critical role of well-prepared educators in maximizing the effectiveness of Mathematics laboratories,
confirming the importance of teacher support in fostering positive student outcomes.

The regression and correlation analyses suggest that while Mathematics laboratory components contribute to skill
development, other factors not included in the study model likely play a role in student performance. The correlation between teacher
training and frequency of lab use with self-reported outcomes highlights the need for consistent lab engagement and professional
development for teachers. The results are consistent with existing literature, which emphasizes the multifaceted nature of effective
lab use, including the need for diverse activities and proper resource allocation. Therefore, the researchers recommend enhancing
teacher training and ensuring frequent, varied lab activities to optimize the benefits of Mathematics laboratories in secondary
schools.

5.2 Recommendations

Based on the study findings, the researcher recommends that educational authorities prioritize the development and
maintenance of well-equipped Mathematics laboratories in secondary schools. This includes investing in resources like calculators,
ICT tools and manipulatives, which are essential for promoting student engagement, problem-solving skills and conceptual
understanding in Mathematics. Furthermore, to maximize the benefits of these resources, a standardized approach should be adopted
to ensure equitable access to lab facilities across both day and boarding schools, addressing the resource disparities observed in
Musanze District.

Additionally, the researchers recommend that teacher training should be strengthened to enhance educators' ability to
integrate laboratory activities effectively into the curriculum. Regular professional development programs focused on experiential
learning and collaborative problem-solving would better equip teachers to facilitate active learning environments. Moreover,
implementing diverse lab activities can cater to different learning styles, promoting critical thinking and real-world applications in
Mathematics. This holistic approach will help improve student outcomes and foster a positive learning experience that encourages
both engagement and academic achievement in Mathematics.
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