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PREFACE

The electronic book (e-book) acknowledges that traditional methods in VVocational,
Science, Technology and Mathematics Education: Classroom Practices may not be
sufficient to equip students with the necessary skills for a rapidly evolving
technological landscape.

Therefore, it advocates for the adoption of Innovative teaching approaches that
promote a more dynamic and effective learning experience.

Prof. Josephine N. Okoli

Faculty of Education,

Science Education Department,

Nnamdi Azikiwe University Awka, Anambra State, Nigeria.
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FOREWORD

This book entitled “Innovative Strategies for Teaching Vocational, Science, Technology and
Mathematics Education: Classroom Practices”, is a book of readings on various innovative
classroom pedagogies. It is a welcome literature for Education System and a very important
resource book for teachers who are functioning in the disciplines of Vocational Education, Science,
Mathematics and Technology education and training. It is a compendium of most of the active
learning strategies aimed at producing graduates who have been prepared for adaptation to the
conditions of the 21% century world of fluidity. The 21% century world accommodates soft skills
which the individual can edit from time to time as the conditions of socio-cultural, economic and
technological environments change constantly and uncontrollably. A century in which cross-
border job openings are important means of employment, a century where attitude is more
important than subject-based excellence, a century where collaboration, innovation and creativity
are irreducible demands by employers of labour, a century where adaptive skills are critical for
entrepreneurship, creation of jobs and wealth.

All categories of teachers at all levels of education would find this resource book interesting and
professionally helpful for their teaching practice. Because conditions of the modern world are in
perpetual flux, teachers have to re-skill in order to produce adaptive graduates and the era of lecture
method is literally over. It is these modern innovative instructional strategies that would enable
teachers to produce such graduates who would survive and then succeed in the 21 century global
economy.

This book would also be very useful to researchers and innovators in the envisioned pedagogic
paradigm shift of this era. | therefore, proudly recommend this book, a compendium on innovative
pedagogies to all classes of teachers and researchers on pedagogies and curriculum reforms in the
modern era.

Prof. Zephrinus C. Njoku

Faculty of Education,

Science Education Department,
University of Nigeria, Nsukka, Nigeria.
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CHAPTER 7

INQUIRY-BASED LEARNING IN MATHEMATICS CLASSROOM: A
GUIDE FOR TEACHERS

Ogoke Chinemeze James
Tina Uchenna Otumegwu
Achugamonu Pius C

Abstract

Inquiry-based learning (IBL) is a pedagogical approach that emphasizes student-centered, active,
and experiential learning. By encouraging students to explore real-world questions and problems,
IBL fosters critical thinking, creativity, and problem-solving skills. This chapter provides an
overview of the theoretical foundations of IBL, its key principles and practices, and its applications
in various educational settings. We discuss the benefits of IBL, including improved student
engagement, motivation, and learning outcomes, as well as its potential to promote deeper
understanding, transfer of learning, and development of essential skills for the 21st century. We
also address the challenges and limitations of implementing IBL, and provide practical strategies
and examples for educators to integrate IBL into their teaching practices. By adopting an IBL
approach, educators can create learning environments that are more collaborative, inclusive, and
responsive to the needs of diverse learners, and that better prepare students for success in an
increasingly complex and rapidly changing world.

Keywords: Inquiry-based learning, Student-centered learning, Critical thinking, Creativity,
Problem-solving

Introduction

Inquiry-based learning (IBL) is an educational approach that emphasizes student-centered, active
learning, and critical thinking. It involves students exploring real-world problems and questions,
gathering and analyzing data, and constructing their own understanding of concepts and principles
(Kuhlthau, 2015; Tan, 2017). IBL is grounded in the idea that students learn best when they are
actively engaged in the learning process, and that learning is a constructive, iterative process
(Hmelo-Silver, 2004).

The term ‘inquiry’ generally signifies the process of acquiring or obtaining information by
investigation, often personally and voluntarily carried out by the person who is eager to know the
phenomenon in question. Hiang’s (2005) elaboration of inquiry includes investigation of a
problem; finding truth or knowledge that requires thinking critically, making observations, asking
questions, doing experiments and stating conclusions; and thinking creatively and using intuition.
Inquiry is a process of understanding the characteristics of science through scientific experiments.
It is through try outs, testing and further information search those individuals begun to see patterns
or connections, often leading to discoveries. Discovery purposes to obtain knowledge, concepts
and generalization. Meanwhile, experiences serve as the core in which both inquiry and discovery
processes occur whilst simultaneously allowing the development of science process skills and fact
gathering to take place. Aksela et al. (2010) elaborates the importance of competencies enhanced
through IBSE (Inquiry Based Science Education) which are decision making, critical thinking,
adaptability, tolerance and autonomy.

Inquiry teaching approach complements traditional instruction by providing a vehicle extending
and applying the learning of students in a way that connects with their interests within a broad
thematic framework. It is a method used in Science and Mathematics teaching that includes the
way of questioning, seeking knowledge, information or finding out about phenomena; it involves
investigating data and arriving at a conclusion (Sola & Ojo, 2007). In inquiry situation, students
learn not only concept but also self-direction, responsibility and social communication. It also
permits students to assimilate and accommodate information. Thus, inquiry method is expected to
improve the achievement of students in mathematics.
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Statement of the Problem

The traditional teaching methods in mathematics classrooms often focus on rote memorization and
procedural fluency, which can lead to a superficial understanding of mathematical concepts. Many
students struggle to apply mathematical knowledge to real-world problems, their critical thinking
and problem-solving skills are not adequately developed. Furthermore, mathematics teachers face
challenges in implementing effective teaching strategies that cater to diverse learning needs and
promote deep understanding of mathematical concepts. Despite the recognized benefits of inquiry-
based learning (IBL) in enhancing students' critical thinking, problem-solving skills, and deep
understanding of mathematical concepts, many mathematics teachers in secondary schools
struggle to effectively implement IBL approaches in their classrooms. This challenge is often due
to limited knowledge of IBL strategies, inadequate resources and the pressure to meet curriculum
requirements.

Objectives of the Study
The objectives of this study on Inquiry-Based Learning (IBL) in Mathematics Classroom: A Guide
for Teachers are;
1. To investigate the effectiveness of IBL in enhancing students' understanding and
achievement in mathematics.
2. To develop a comprehensive guide for teachers on implementing IBL in mathematics
classrooms.
3. To enhance teacher professional development by providing them with the necessary skills
and knowledge to design and implement IBL activities in mathematics.
4. To promote critical thinking and problem-solving skills in mathematics students through
IBL.
5. To foster a student-centered learning environment in mathematics classrooms.

Forms of Inquiry based learning: In mathematics, IBL can take many forms, including:
e Problem-based learning: Students are presented with a real-world problem, and they work
to develop a mathematical solution (Savery, 2015).
e Inquiry-based mathematics: Students explore mathematical concepts and principles
through open-ended investigations and explorations (Artigue, 2017).
e Mathematical modeling: Students use mathematical models to describe and analyze real-
world phenomena (Blum, 2015).

History of Inquiry Based Learning

Inquiry-based learning (IBL) has its roots in various educational philosophies and movements that
emphasize student-centered, active, and experiential learning. The concept of inquiry has its roots
in ancient Greece and Rome, where philosophers like Socrates, Plato, and Aristotle used the term
to describe the process of questioning and seeking knowledge (Bruner, 1960). This idea of inquiry
as a means of seeking truth and understanding was central to the development of Western
philosophy. During the Middle Ages, the term "inquiry" took on a more formal sense, referring to
a formal investigation or examination, often conducted by a court or a royal authority (Kaye, 1998).
This sense of inquiry as a formal process of investigation and examination continued through the
Renaissance and into the modern era (Hacking, 1975). With the rise of modern science in the 16th
and 17th centuries, the term "inquiry" began to take on a more scientific connotation, referring to
the systematic investigation of natural phenomena (Bacon, 1620). Scientists like Francis Bacon
and Rene Descartes used the term to describe their methodical approaches to understanding the
natural world (Kuhn, 1962). This sense of inquiry as a systematic and methodical process of
investigation has had a profound impact on the development of modern science (Lakatos, 1970).
In the 20th century, the term "inquiry" began to be used in educational contexts, particularly in the
1960s and 1970s, as educators like Jerome Bruner and John Dewey emphasized the importance of
student-centered, active learning approaches (Bruner, 1960). This sense of inquiry as a student-
centered and active process of learning has become increasingly popular in modern education, as
educators seek to encourage critical thinking, creativity, and problem-solving skills in their
students (Wiggins & McTighe, 2005). Today, the term "inquiry™ is widely used in a variety of
contexts, from science and education to business and philosophy (Paul & Elder, 2006). It refers to
a process of questioning, investigation, and critical thinking, and is seen as an essential skill for
success in a rapidly changing and increasingly complex world (Barnett, 2004).

2025 Electronic Book(e-book) of Association of Science Educators Anambra (ASEA) 50



Benefits of Inquiry based learning
Inquiry-based learning (IBL) is an educational approach that offers numerous benefits for students,
particularly in mathematics education. Some of the key benefits of IBL include;

Promoting Critical Thinking: IBL encourages students to think critically and analytically, as
they are presented with open-ended problems and questions that require them to evaluate
evidence, analyze data, and draw conclusions (Kuhlthau, 2015).

Developing Problem-Solving Skills: IBL helps students develop problem-solving skills,
including the ability to identify problems, analyze data, and develop mathematical models to
solve real-world problems (Smith, 2020).

Deepening Understanding of Mathematical Concepts*: IBL allows students to explore
mathematical concepts in a more meaningful and contextualized way, leading to a deeper
understanding of mathematical principles and concepts (Larkin, 2018).

Encouraging Collaboration and Communication: IBL promotes collaboration and
communication among students, as they work together to solve problems and present their
findings (Savery, 2015).

Fostering Creativity and Curiosity: IBL encourages students to think creatively and explore
mathematical concepts in a more innovative and curious way (Tan, 2017).

Preparing Students for Real-World Applications: IBL helps students develop skills that are
essential for real-world applications, such as problem-solving, critical thinking, and
communication (Blum, 2015).

Developing Mathematical Literacy: IBL helps students develop mathematical literacy,
including the ability to read, write, and communicate mathematical ideas (NCTM, 2014).
Enhancing Student Engagement and Motivation: BL can enhance student engagement and
motivation, as students are more likely to be interested in learning when they are presented
with real-world problems and challenges (Artigue, 2017).

Key Characteristics of Inquiry-Based Learning

Student-Centered: IBL is student-centered, meaning that students take an active role in the
learning process, and the teacher acts as a facilitator or guide (Savery, 2015).

Open-Ended Questions: IBL involves open-ended questions that encourage students to
explore, investigate, and think critically about real-world problems and phenomena (Tan,
2017).

Investigation and Research: Students engage in investigation and research to gather data,
information, and evidence to support their learning (Artigue, 2017).

Critical Thinking and Analysis: IBL promotes critical thinking and analysis, as students
evaluate evidence, analyze data, and draw conclusions (Larkin, 2018).

Collaboration and Communication: IBL encourages collaboration and communication
among students, as they work together to solve problems, share ideas, and present their
findings (Smith, 2020).

Real-World Applications: IBL involves real-world applications, as students explore
problems and phenomena that are relevant to their lives and the world around them (Blum,
2015).

Flexibility and Autonomy: IBL provides students with flexibility and autonomy, as they take
ownership of their learning, make choices, and work at their own pace (Kuhlthau, 2015).
Reflection and Self-Assessment: IBL promotes reflection and self-assessment, as students
reflect on their learning, identify areas for improvement, and set goals for future learning
(Savery, 2015).

Types of Inquiry-Based Learning

Inquiry-Based Learning (IBL) can be categorized into three main types: Open-Ended Inquiry,
Guided Inquiry, and Structured Inquiry. Each type of inquiry has its own unique characteristics,
advantages, and disadvantages.
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Open-Ended Inquiry: Open-Ended Inquiry is the most student-centered approach to IBL.
Students are presented with a broad, open-ended question or problem, and they are expected to
explore, investigate, and find solutions on their own with minimal guidance from the teacher
(Kuhlthau, 2015). This type of inquiry encourages students to think critically, be creative, and take
ownership of their learning.

Advantages
1. Encourages critical thinking and creativity
2. Develops problem-solving skills
3. Fosters independence and self-directed learning

Disadvantages
e Can be challenging for students who lack prior knowledge or experience
e May lead to frustration or confusion if students are not properly supported

Guided Inquiry: Guided Inquiry is a more teacher-directed approach to IBL. Students are still
presented with an open-ended question or problem, but the teacher provides more guidance and
support throughout the inquiry process (Savery, 2015). This type of inquiry helps students to
develop their critical thinking and problem-solving skills while still receiving support and feedback
from the teacher.
Advantages

i. Provides students with more structure and support

ii. Helps students to develop their critical thinking and problem-solving skills

iii. Encourages collaboration and communication among students
Disadvantages

i. May not be as effective in developing independence and self-directed learning

ii. Can be more time-consuming for teachers to provide guidance and support

Structured Inquiry: Structured Inquiry is the most teacher-directed approach to IBL. Students are
presented with a specific, well-defined problem or question, and they are expected to follow a
predetermined procedure or protocol to find the solution (Blum, 2015). This type of inquiry is often
used in science and mathematics education, where students need to follow a specific methodology
to collect and analyze data.
Advantages

1. Provides students with a clear and well-defined problem or question

2. Helps students to develop their critical thinking and problem-solving skills in a more

structured environment.

Disadvantages

1. May not be as effective in developing creativity and independence

2. Can be too rigid and limiting for students who prefer more open-ended inquiry

In conclusion, each type of inquiry has its own strengths and weaknesses, and teachers should
consider their students' needs, prior knowledge, and learning styles when choosing the most
appropriate type of inquiry. By incorporating IBL into their teaching practices, teachers can help
students to develop critical thinking, problem-solving, and collaboration skills, which are essential
for success in the 21st century.

Here are some examples of inquiry-based learning in mathematics education. These examples
illustrate how inquiry-based learning can be applied to various mathematical concepts and topics,
and how it can help students develop critical thinking, problem-solving, and collaboration skills.

Example 1: Open-Ended Inquiry

Problem: How many different ways can you make change for $1 using coins?

Student Task: Students work in groups to explore and find different combinations of coins that
add up to $1.

Teacher Role: Provides guidance and support as needed, but allows students to take ownership of
the problem-solving process.
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Mathematical Concepts: Addition, subtraction, multiplication, and division of decimals and
fractions.

Example 2: Guided Inquiry

Problem: What is the relationship between the number of sides of a polygon and its internal
angles?

Student Task: Students work in pairs to investigate and collect data on the internal angles of
different polygons.

Teacher Role: Provides a guiding question and some initial support, but allows students to design
and conduct their own investigation.

Mathematical Concepts: Geometry, measurement, and data analysis.

Example 3: Structured Inquiry

Problem: How does the height of a ramp affect the distance a marble roll?

Student Task: Students work in groups to design and conduct an experiment to investigate the
relationship between ramp height and marble distance.

Teacher Role: Provides a clear procedure and guidelines for the experiment, but allows students
to collect and analyze their own data.

Mathematical Concepts: Measurement, data analysis, and graphing.

Example 4: Real-World Application

Problem: A local bakery is having a sale on bread. If a loaf of bread normally costs $2.50, but is

on sale for 15% off, how much will you pay for 2 loaves of bread?

Student Task: Students work individually to calculate the sale price of 2 loaves of bread.

Teacher Role: Provides the problem and some initial guidance, but allows students to apply

mathematical concepts to a real-world scenario.

Mathematical Concepts: Percentages, decimals, and multiplication.

Example 5: Mathematical Modeling

Problem: A population of rabbits is growing at a rate of 20% per year. If there are currently 100

rabbits, how many will there be in 5 years?

Student Task: Students work in groups to develop a mathematical model to predict the population

of rabbits after 5 years.

Teacher Role: Provides some initial guidance and support, but allows students to design and

develop their own mathematical model.

Mathematical Concepts: Exponential growth, percentages, and algebra.

Implementing Inquiry based learning in the classroom

Implementing inquiry-based learning (IBL) in a mathematics classroom requires careful planning,

execution, and assessment. Here are some strategies and tips to help you implement IBL in your

mathematics classroom:

a. Start with a clear goal: Identify the mathematical concept or topic you want to teach using IBL.
Ensure that the goal is specific, measurable, achievable, relevant, and time-bound (SMART).

b. Develop an inquiry question: Create an open-ended question that encourages students to
explore and investigate the mathematical concept. The question should be thought-provoking,
relevant, and challenging.

c. Create a supportive learning environment: Establish a classroom culture that encourages
curiosity, creativity, and critical thinking. Ensure that students feel comfortable sharing their
thoughts, ideas, and questions.

d. Use real-world contexts: Use real-world examples, case studies, or scenarios to contextualize
the mathematical concept. This helps students see the relevance and application of the concept.

e. Encourage student autonomy: Allow students to take ownership of their learning. Provide them
with choices, and encourage them to explore and investigate the mathematical concept at their
own pace.

f. Provide scaffolding: Offer guidance and support as needed, but avoid giving away answers or
solutions. Use scaffolding techniques, such as think-alouds, peer discussions, and formative
assessments, to help students stay on track.
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g. Foster collaboration: Encourage students to work in pairs or small groups to explore and
investigate the mathematical concept. This promotes peer-to-peer learning, communication,
and problem-solving.

h. Use technology: Leverage technology to support IBL in mathematics. Utilize digital tools, such
as graphing calculators, geometry software, and online resources, to facilitate exploration and
investigation.

I. Assess student learning: Use formative and summative assessments to evaluate student
learning. Ensure that assessments are aligned with the learning goals and objectives.

J. Reflect and refine: Reflect on the IBL process, and refine it as needed. Gather feedback from
students, peers, and mentors to improve the implementation of IBL in your mathematics
classroom.

Inquiry based learning: Lesson Plan Template

To help you plan and implement IBL in your mathematics classroom, consider using the following

lesson plan template. By using this template and following the strategies and tips outlined above,

you can create an effective IBL lesson plan that promotes student engagement, critical thinking,
and deep understanding of mathematical concepts:

Inquiry Question: What is the open-ended question that will guide student inquiry? How does the

question relate to the mathematical concept or topic?

i. Learning Goals: What are the specific learning goals and objectives for the lesson? How will
students demonstrate their understanding of the mathematical concept?

ii. Introduction: How will you introduce the inquiry question and mathematical concept? What
real-world context or scenario will you use to contextualize the concept?

iii. Exploration: What activities, tasks, or experiments will students complete to explore and
investigate the mathematical concept? How will you provide scaffolding and support during
the exploration phase?

iv. Collaboration: How will students work together to explore and investigate the mathematical
concept? What opportunities will you provide for peer-to-peer learning and communication?

v. Assessment: What formative and summative assessments will you use to evaluate student
learning? How will you provide feedback to students during the lesson?

vi. Conclusion: How will you summarize the key findings and takeaways from the lesson? What
opportunities will you provide for students to reflect on their learning and identify areas for
improvement?

Case Studies and examples of Inquiry based learning

Case Study 1: Inquiry-Based Learning in a High School Mathematics Classroom

Context: A high school mathematics classroom in the United States

Inquiry Question: How can we use mathematical modeling to optimize the design of a roller
coaster?

Methodology: Students worked in groups to design and build a model of a roller coaster, using
mathematical concepts such as quadratic equations and optimization techniques.

Results: Students demonstrated a deep understanding of mathematical concepts and were able to
apply them to a real-world problem. (Larkin, 2018)

Case Study 2: Inquiry-Based Learning in an Elementary School Mathematics Classroom
Context: An elementary school mathematics classroom in Australia

Inquiry Question: How can we use measurement and geometry to design a dream bedroom?
Methodology: Students worked in pairs to design and create a model of their dream bedroom,
using mathematical concepts such as measurement and geometry.

Results: Students demonstrated an improved understanding of mathematical concepts and were
able to apply them to a real-world problem. (Smith, 2020).

In Nigeria, inquiry-based learning (IBL) is also being implemented in mathematics education,
although it may face some unique challenges due to the country's educational context. Here are a
few examples:

Example 3: Inquiry-Based Learning in a Nigerian Secondary School.
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Context: A secondary school in Lagos, Nigeria

Inquiry Question: How can we use mathematical modeling to optimize the design of a water
filtration system for a rural community?

Methodology: Students worked in groups to design and build a model of a water filtration system,
using mathematical concepts such as algebra and geometry.

Results: Students demonstrated a deep understanding of mathematical concepts and were able to
apply them to a real-world problem (Ogunniyi, 2017)

Example 4: Inquiry-Based Learning in a Nigerian Universities

Context: A university in Abuja, Nigeria

Inquiry Question: How can we use mathematical modeling to understand the spread of malaria
in Nigeria?

Methodology: Students worked in groups to develop a mathematical model of the spread of
malaria, using concepts such as differential equations and epidemiology.

Results: Students demonstrated a deep understanding of mathematical concepts and were able to
apply them to a real-world problem. (Adebayo, 2019)

Challenges facing IBL in Nigeria include

Limited resources: Many schools in Nigeria lack the necessary resources, such as textbooks,
technology, and infrastructure, to support IBL.

Large class sizes: Class sizes in Nigeria can be very large, making it difficult for teachers to
implement IBL effectively.

Cultural and societal factors: In some cases, cultural and societal factors may hinder the
adoption of IBL, as it may be seen as unconventional or Western.

Ways to promote IBL in Nigeria

1. Teacher training programs: Some organizations, such as the Nigerian Mathematical Society,
offer teacher training programs to promote IBL in mathematics education.

2. Curriculum reform: The Nigerian government has implemented curriculum reforms aimed at
promoting IBL and problem-solving skills in mathematics education.

3. Technology integration: Some schools in Nigeria are incorporating technology, such as
mobile devices and online resources, to support IBL in mathematics education.

Conclusion

Inquiry-based learning (IBL) is a powerful approach to mathematics education that can help
students develop a deeper understanding of mathematical concepts and their applications to real-
world problems. By using IBL, students can develop critical thinking, problem-solving, and
communication skills, which are essential for success in mathematics and other areas of life. In
this discussion, we explored the concept of IBL, its benefits, and its implementation in mathematics
education. We also examined case studies and examples of IBL in different educational settings,
including secondary schools in Nigeria.

Suggestion for Improvement
To further promote the adoption and effective implementation of IBL in mathematics education,
the following future directions are recommended;

1. Teacher Training and Support: Provide teachers with training and support to develop their
skills and confidence in implementing IBL in their classrooms.

2. Curriculum Reform: Reform mathematics curricula to incorporate more IBL-based
activities and projects that promote critical thinking, problem-solving, and communication
skills.

3. Technology Integration: Leverage technology to support IBL in mathematics education,
including the use of online resources, simulations, and educational software.

4. Assessment and Evaluation: Develop and use assessments and evaluations that align with
the goals and objectives of IBL, including the use of performance tasks and project-based
assessments.
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5. Research and Development: Conduct research and development to improve our
understanding of IBL in mathematics education, including its impact on student learning
outcomes and its implementation in different educational settings.

6. Collaboration and Partnerships: Foster collaboration and partnerships between educators,
researchers, and industry partners to promote the adoption and effective implementation of
IBL in mathematics education.

By pursuing these future directions, we can promote the adoption and effective implementation
of IBL in mathematics education, ultimately improving student learning outcomes and preparing
students for success in an increasingly complex and rapidly changing world.
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