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ABSTRACT
This study investigated the design and simulation of traditional and modern mathematics laboratory
infrastructure: A comparative assessment review. It presents a comparative assessment of the design
principles, infrastructure requirements, and simulation potentials of traditional and modern mathematics
laboratories. It also examines pedagogical effectiveness, accessibility, cost implications, and integration
of digital technologies. The review highlights how modern infrastructures supported by mathematical
software, virtual simulations, and interactive devices enhance conceptual understanding, inquiry-based
learning, and learner engagement compared with traditional setups. The comparative assessment reveals
that modern infrastructures are more effective for higher-order thinking, complex problem solving, and
learner engagement, but optimal outcomes are achieved through a blended approach. Materials used are:
laptop, Projector and smart screen, Interactive white board, Mathematical soft wares, Mathematical kits,
Geometrical solids and many more. Based on this findings, it was recommended that institutions and
Educational stakeholders should prioritize sustainable integration strategies that combine the strengths of
both systems to improve mathematics Education outcomes.
Keywords: Mathematics Laboratory, Simulation, Educational Technology, Infrastructure Design,
Comparative assessment, Digital learning.

INTRODUCTION

Mathematics is vital to the development of any nation. It is the bedrock of all sciences and science related
disciplines. It is the science of structure, order, relation that has evolved from elementary practices of
counting, measuring, and describing the shapes of objects. Mathematics is taught at all levels of
Educations in Nigeria .According to the Federal Government of Nigeria (2025), mathematics is a
compulsory subject for all senior secondary students (O-level) in Nigeria. It is the field of study that deals
with pattern, structures, quantity, space, and change, utilizing rigorous logical reasoning and abstraction.
According to Marcus du Sautoy (2010), mathematics, is the queen of science and a primary driver of
discovery. Catalin Barboinanu (2021), noted that mathematics is a simultaneous discipline, a method, and
a language for organizing and communicating knowledge .Roger Penrose (2000), viewed mathematics as
language for communicating abstract concepts with precision.  All this emphasis the relevance of
mathematics to humanity and mathematics cannot be taught without a well-equipped learning
environment called mathematics laboratory.
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A mathematics laboratory is a structured learning environment designed to facilitate experimental
learning, discovery, and experimentation in mathematics. Its infrastructure includes physical space,
instructional materials, technological tools, and pedagogical frameworks that promote active engagement.
Itis described as a unique room or place with relevant and up-to-date equipment known as instructional
materials designed for teaching ,learning ,and research, where trained personnel facilitate interaction with
learners( Adenegan(2014: Uwaezuoke & Charles-Ogan, 2016) . Odili (2013), noted that mathematics
laboratory is a specially equipped room or a corner of a classroom containing a collection of teaching aids
designed for students’ manipulation to make learning concrete. According to Maschietto and
Trouche(2010), mathematics laboratory is viewed as a space for teacher training where both students and
prospective teachers can explore and engage in production and reflection on the tasks to deepen their
understanding . Based on this definitions, mathematics laboratory is an active learning environment or
space were abstract concepts or ideas turns to concrete learning by the facilitators to the students. It
houses learning by doing, manipulatives, technology and above all transform abstract concepts into
tangible experiences. The issues relating to poor performance of students in mathematics both internal
and external Examinations has become so much concern to both the teachers, students and society and
this could be likened to the non- innovative of the mathematics teachers with the current technological
trends such as design and simulation .

Simulation refers to the use of computational tools to replicate mathematical processes and phenomena. It
focuses on the imitation of systems through computational models, highlighting its role in decision
making, experimentation, and the digital representation of reality. It is an orchestrated series of
operations used to model the behavior of a system (Brighton, Powell & Glaveanu,(2023). This implies
that simulation is model —based, dynamic, computational and experimental. ~ According to Spring Nature
of (2022/2023), simulation is a useful approach to develop health professionals’ knowledge, skills, and
attitude while protecting patients in a virtual setting. Simulation is a way of intellectually inquiring and
exploring opportunities and future possibilities. It is a modality of human creativity deployed to a specific
end (Patrick W. Meechan (2016). Moreover, design is a creative activity whose guidelines establish the
multiple facets and qualities of objects, processes, services and systems throughout all their life cycles. It
is a primary factor of the human innovations of technologies and a crucial factor of cultural exchange and
economic. According to Don Normal (2016), design is the deliberate shaping of environment in ways
that satisfy individual and societal needs. Amaresh Chakrabarti (2015/2025) , viewed design as a plan for
intervention which when implemented is intended to change an undesirable situations into a less or
desirable one. Therefore, introduction of Mathematics laboratories aimed to bridge this gap by providing
hands-on experiences through manipulatives, models, and exploratory activities. Traditional mathematics
laboratories relied primarily on physical teaching aids such as geometric solids, measuring instruments,
charts, and number boards.

With rapid advancements in Educational technology, modern mathematics laboratories now incorporate
digital tools, simulation software, and virtual environments. These innovations support visualization,
experimentation, and real-time feedback, enabling learners to interact dynamically with mathematical
concepts. Consequently, need for comparative assessment arises from increasing investments in digital
infrastructure and the necessity to determine their effectiveness relative to traditional approaches.
Statement of Problem

Despite the importance of mathematics in science and technology development, students’ performance in
mathematics in schools remains unsatisfactory in many regions. Several factors contribute to this
challenge, include: overreliance on abstract teaching methods without concrete learning experiences,
limited availability of instructional resources such as mathematics laboratories, poor student engagement
and negative attitude toward mathematics, teachers’ inadequate training in innovative instructional
strategies, lack of integration of digital simulation tools into classroom instruction. Consequently,
students often develop misconceptions and weak conceptual understanding, leading to poor academic
achievement. Therefore, there is a need to explore alternative teaching strategies such as mathematics
laboratories and simulation — based learning to improve students’ performance.
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Aims and Objectives
The aim of this study is to investigate the impact of mathematics laboratory and simulation —based
learning on students’ conceptual understanding and academics achievement in colleges of Education. The
study specifically aims to:
1. Determine the effect of mathematics laboratory instruction on students’ understanding of
mathematical concepts
Examine the impact of simulation experiments on students’ academic achievement
Investigate students ‘attitude toward mathematics after exposure to laboratory — based instruction.
Compare the effectiveness of laboratory — based teaching with conventional teaching methods.
5. Explore teachers’ perception of mathematics laboratory integration.
Research Questions
The following research questions were formulated to guide the study:
1. What effect does mathematics laboratory instructions have on students ‘conceptual
understanding?
2. How do simulation experiments influence students ‘academics achievement in mathematics.
3. What is the attitude of students toward mathematics after exposure to laboratory — based
learning?
4. s there a difference between students taught using laboratory methods and those taught
using conventional methods
Area of the Study
The study was conducted in the department of mathematics, federal colleges of Education (technical),
Ekiadolor, Benin city, Edo State. The school was chosen based on the availability of basic instructional
facilities and willingness to participate in the research.

roN

LITERATURE REVIEW
Recent studies emphasize the importance of technology-enhanced learning environments in mathematics
Education. The integration of dynamic geometry software, computer algebra systems, and simulations has
been shown to improve conceptual understanding and problem-solving skills. Digital technologies also
support collaborative learning and personalized instruction, which contribute to improved learning
outcomes.
Several studies indicates that simulation-based learning enhances students’ engagement and motivation
while reducing mathematics anxiety. Technology-supported instruction enables learners to experiment
with mathematical ideas in ways that are not possible using traditional methods.
Furthermore, inquiry-based and experimental learning approaches encourage students to develop higher-
order thinking skills such as reasoning, analysis, and critical thinking. Mathematics laboratories therefore
serve as effective environments for fostering meaningful learning experiences
Concept of Mathematics Laboratory Infrastructure
A mathematics laboratory is a structured learning environment designed to facilitate experimental
learning, discovery, and experimentation in mathematics. Its infrastructure includes physical space,
instructional materials, technological tools, and pedagogical frameworks that promote active engagement.
Two major categories exist:
Traditional Mathematics Laboratory Infrastructure

o Physical manipulatives (abacus, algebra tiles, geometric models)

e Measurement instruments (rulers, protractors, compasses)

o Charts, puzzles, and activity boards

e Teacher-centered demonstration areas
Modern Mathematics Laboratory Infrastructure

o Computers, tablets, and interactive whiteboards

e Mathematical visualization and simulation software
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o Virtual and augmented reality tools

e Internet connectivity and cloud-based resources

o Data analysis and modeling platforms
Design Principles of Traditional Mathematics Laboratories
Traditional laboratories are designed based on tactile and visual learning principles. Key considerations
include:

e Accessibility of Materials: Students should easily manipulate objects.

e Concrete-to-Abstract Progression: Physical models help learners transition to symbolic

reasoning.

e Collaborative Learning Spaces: Group tables encourage peer interaction.

e Durability and Cost Efficiency: Materials are reusable and relatively affordable.
Despite these strengths, limitations include restricted scalability, lack of dynamic visualization, and
minimal adaptability for advanced mathematical concepts such as calculus or statistics modeling.
Design Principles of Modern Mathematics Laboratories
Modern laboratories emphasize technological integration and learner autonomy. Key features include:
Digital Visualization: Graphing tools and 3D modeling environments allow exploration of complex
mathematical relationships.
Simulation Capability: Learners can manipulate variables and observe real-time changes.
Personalized Learning: Adaptive software adjusts difficulty levels to student needs.
Remote Accessibility: Cloud platforms support distance learning and collaboration.
Examples of widely used platforms include GeoGebra for dynamic geometry and algebra visualization,
MATLAB for advanced modeling and computation, and PhET Interactive Simulations for interactive
conceptual simulations.
Simulation in Mathematics Laboratory Design
Simulation refers to the use of computational tools to replicate mathematical processes and phenomena.
In traditional laboratories, simulation is mostly manual, involving step-by-step demonstrations using
physical materials. Modern laboratories, however, employ:

» Dynamic geometry environments

» Statistical modeling software

» Algorithmic programming tools

» Interactive data visualization dashboards
Embedded systems such as Arduino for mathematical applications in robotics and measurement
Simulation enhances experimentation, allowing repeated trials without material constraints.
Comparative Assessment: Traditional vs Modern Infrastructure

Criteria Traditional Laboratory Modern Laboratory

Learning Approach Hands-on manipulation Interactive and simulation-based
Cost Lower initial cost Higher initial investment
Visualization Static models Dynamic visualization
Accessibility Physical presence required Supports remote learning
Flexibility Limited Highly Adaptable

Engagement Moderate High

The comparison indicates that modern laboratories provide greater conceptual depth and learner
engagement, though traditional laboratories remain valuable for foundational learning.
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Traditional Mathematics Laboratory Modern Mathematics Laboratory

Figure 1 Figure 2

Educational Implication
For developing Educational systems, particularly in resource-constrained environments, a hybrid
approach combining traditional manipulatives with modern simulation tools is most effective. Teacher
training becomes critical, as pedagogical competence determines the success of both infrastructures.
Institutions should consider:

» Incremental technology integration

» Capacity building for Educators

» Infrastructure sustainability planning

» Curriculum alignment with laboratory activities
Challenges in Implementation
Several barriers affect modern mathematics laboratory adoption:

» High procurement and maintenance costs

» Limited electricity and internet connectivity in some regions

» Teacher resistance or lack of digital competence

» Inadequate technical support personnel
Addressing these challenges requires policy support, funding, and professional development programs.

RESULTS AND DISCUSSIONS

1. Mathematics laboratory instructions improves conceptual understanding by allowing students to
visualize abstract concepts, manipulate materials, and engage in discovery learning.

2. Simulation experiments enhances academic achievement by promoting active participation,
immediate feedback, and experimental learning opportunities.

3. Students exposed to laboratory — based learning demonstrate more positive attitudes, increased
interest, and improved confidence in mathematics.

Yes, students taught using laboratory methods perform significantly better than those taught using

traditional lecture methods

104



Igwe & Aderele ...... Int Inno. Maths, Statistics & Energy Policies 14(1):100-105, 2026

CONCLUSION

Both traditional and modern mathematics laboratory infrastructures play significant roles in enhancing
mathematics learning. Traditional laboratories provide essential tactile experiences that support
conceptual foundations, while modern laboratories offer advanced visualization, simulation, and
personalized learning opportunities. The comparative assessment reveals that modern infrastructures are
more effective for higher-order thinking, complex problem solving, and learner engagement, but optimal
outcomes are achieved through a blended approach. Educational stakeholders should prioritize sustainable
integration strategies that combine the strengths of both systems to improve mathematics education
outcomes.

RECOMMENDATION

Schools should adopt hybrid mathematics laboratory models.

Governments and institutions should invest in teacher digital competency training.
Low-cost open-source software solutions should be prioritized in developing regions.
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