CHAPTER ONE

INTRODUCTION

1.1 Background to the Study

Education in the 21st century has increasingly embraced digital transformation through the integration of Information and Communication Technology (ICT) tools in the classroom. In the field of science education, particularly Chemistry, educational technology plays a critical role in simplifying complex concepts and promoting a deeper understanding of theoretical and practical topics.

Chemistry, often regarded as one of the most abstract science subjects, includes concepts that are invisible to the naked eye such as atomic structure, chemical bonding, and reaction mechanisms. Traditional chalk-and-talk methods alone have been found insufficient to stimulate students’ interest or improve performance significantly. However, educational technology tools like interactive simulations (e.g., PhET), virtual laboratories, animations, instructional videos, PowerPoint presentations, and computer-assisted learning platforms are being recognized for their effectiveness in improving the delivery and comprehension of Chemistry concepts. Chemistry, as a branch of science, plays a vital role in understanding the composition, structure, and properties of matter. It is central to scientific and technological development and contributes significantly to the economic and industrial growth of nations. However, students often find Chemistry challenging due to its abstract concepts, mathematical calculations, and the need for practical experiments.

Globally, educational institutions are adopting technology to bridge learning gaps, personalize learning experiences, and support diverse learners. In Nigeria, the Federal Ministry of Education has launched several ICT policies to promote technology integration across educational levels. Despite these efforts, many schools, especially in regions like Ilorin West Local Government Area, still face challenges in adopting and utilizing these tools effectively due to limited infrastructure, poor funding, and lack of teacher training. The integration of educational technology tools into the teaching and learning of Chemistry offers promising solutions to many of these challenges. Educational technology refers to the use of digital tools and resources such as interactive simulations, virtual laboratories, multimedia presentations, educational software, smart boards, and online learning platforms to support and enhance the educational process. These tools help make abstract concepts more tangible and promote active learning, engagement, and retention.

It is essential to investigate how educational technology tools are being utilized in senior secondary Chemistry classes, the extent of their impact on learning outcomes, and the barriers hindering their effective integration. This study aims to fill that gap by exploring the current state of EdTech use in Chemistry education in Ilorin West LGA.

In Nigeria, especially in Kwara State, the government and private institutions have made efforts to integrate technology into education through policies, funding, and provision of ICT facilities. Despite these efforts, the extent to which educational technology tools are effectively used in teaching and learning Chemistry in senior secondary schools remains unclear, particularly in Ilorin West Local Government Area. This study seeks to examine the availability, usage, and impact of these tools on students’ understanding and performance in Chemistry.

1.2 Statement of the Problem

Many students in senior secondary schools struggle with Chemistry, resulting in poor academic performance. Teachers also face challenges in effectively delivering the subject content using traditional teaching methods. While educational technology tools have the potential to enhance teaching and learning, their usage in secondary schools appears limited due to factors such as lack of resources, inadequate training, and poor infrastructure. It is necessary to investigate whether these tools are available, how they are used, and their impact on students' academic performance in Chemistry in Ilorin West LGA.

1.3 Purpose of the Study

The main purpose of this study is to examine the impact of educational technology tools on the teaching and learning of Chemistry in senior secondary schools in Ilorin West LGA, Kwara State. Specifically, the study aims to:

1. Identify the educational technology tools available for teaching and learning Chemistry.

2. Assess the frequency and manner of usage of these tools by Chemistry teachers and students.

3. Determine the impact of educational technology tools on students’ understanding and academic performance in Chemistry.

4. Explore the challenges faced in the use of educational technology tools in teaching Chemistry.

1.4 Research Questions

This study will be guided by the following research questions:

1. What educational technology tools are available for teaching and learning Chemistry in senior secondary schools in Ilorin West LGA?

2. How frequently are these tools used by Chemistry teachers and students?

3. What is the impact of educational technology tools on students’ understanding and performance in Chemistry?

4. What are the challenges faced by teachers in using educational technology tools?

1.5 Significance of the Study

This study will be beneficial to the following stakeholders:

· Teachers: It will provide insight into how to effectively integrate technology into Chemistry teaching.

· Students: It will help improve their learning experience and performance through the use of modern tools.

· School Administrators and Policymakers: The findings will assist in decision-making regarding investment in educational technologies.

· Researchers: It will contribute to the body of knowledge on educational technology in science education.

1.6 Scope of the Study

The study is limited to senior secondary schools in Ilorin West Local Government Area of Kwara State. It focuses on Chemistry teachers and SS1–SS3 students. Only educational technology tools used for teaching and learning Chemistry are considered.

1.7 Definition of Terms

· Educational Technology Tools: Digital devices and applications used to facilitate teaching and learning processes (e.g., projectors, simulations, virtual labs).

· Teaching: The process by which a teacher imparts knowledge or skills to students.

· Learning: The process by which students acquire knowledge, skills, and attitudes.

· Chemistry: A branch of science concerned with the properties and interactions of substances.

· Senior Secondary School: The upper level of secondary education in Nigeria, comprising SS1 to SS3.

CHAPTER TWO

REVIEW OF RELATED LITERATURE

This chapter reviews existing literature relevant to the study, focusing on the concept of educational technology, its role in science education, particularly Chemistry, and its impact on teaching and learning outcomes. It also discusses theoretical frameworks and identifies gaps that the current study aims to fill.

Concept of Educational Technology

Educational technology refers to the use of technological tools and digital resources to facilitate teaching and learning. These tools include hardware (e.g., computers, projectors, smartboards), software (e.g., simulations, interactive learning platforms), and internet-based applications (e.g., Google Classroom, Zoom, YouTube). According to Yusuf (2005), educational technology enhances the efficiency and effectiveness of instructional delivery and creates an interactive and engaging learning environment.

Modern educational technology supports individualized learning, enables access to a vast array of resources, and provides opportunities for real-time feedback and assessment. In Chemistry, these tools can simplify abstract scientific concepts and make learning more concrete and experiential.

2.3 The Nature of Chemistry and Challenges in Its Teaching

Chemistry is a foundational science that studies the composition, properties, and transformation of matter. It is often described as a central science because it links the physical sciences with the life sciences and applied sciences like medicine and engineering. However, students generally perceive Chemistry as difficult due to its abstract concepts, symbolic representations, and mathematical components (Oloruntegbe&Odutuyi, 2003).

The traditional teaching approach, which is largely teacher-centered and lecture-based, has been found inadequate in promoting conceptual understanding, critical thinking, and problem-solving skills among students. This gap necessitates the integration of more interactive and learner-centered methods, including educational technology tools.

Chemistry, often called the "central science," bridges other natural sciences such as physics, biology, and geology. It is essential for understanding everyday phenomena, industrial processes, and scientific innovation. Yet, research has consistently shown that many students view Chemistry as difficult and abstract (WAEC Chief Examiner's Report, 2022).

Common challenges in Chemistry education include:

· Difficulty visualizing microscopic or subatomic processes,

· Limited availability of laboratory equipment for practical sessions,

· Overreliance on rote memorization rather than conceptual understanding,

· Inadequate instructional materials and ineffective teaching methods.

These challenges often lead to low interest and poor academic achievement. As a result, educators have advocated for the integration of technology to address these issues and make Chemistry more accessible and engaging.

2.4 Educational Technology Tools in Teaching and Learning Chemistry

Various technology tools have been successfully applied to Chemistry education, with the aim of making teaching more effective and learning more meaningful. Examples include:

· Virtual Labs: Provide simulated practical experiences, allowing students to conduct experiments digitally, saving cost and avoiding hazards (e.g., ChemCollective, Labster).

· 3D Molecular Modelling Tools: Enable visualization of molecules and their structures (e.g., Avogadro, Jmol).

· Interactive Simulations: Help demonstrate abstract concepts such as equilibrium, reaction kinetics, and atomic models (e.g., PhET Interactive Simulations).

· Multimedia Resources: Videos, animations, and infographics simplify complex topics and improve memory retention.

· Gamified Learning Platforms: Use of Chemistry-based educational games that foster critical thinking and competitiveness.

A study by Adeboye and Jegede (2020) revealed that schools that incorporated virtual experiments saw a 35% increase in students’ test scores over those using only textbook instruction.

Several educational technology tools are used globally and locally to enhance the teaching of Chemistry:

· Virtual Laboratories: These allow students to conduct experiments in a simulated environment, making it possible to learn practical skills without physical labs.

· Simulations and Animations (e.g., PhET, ChemCollective): Help visualize complex processes such as molecular interactions, chemical bonding, and reaction kinetics.

· Instructional Videos and Multimedia Presentations: Used to explain difficult topics in an engaging manner.

· Interactive Whiteboards: Encourage participation and facilitate real-time illustrations.

· Online Assessment Tools: Provide immediate feedback and track students’ progress.

· E-learning Platforms: Tools like Moodle, Google Classroom, and Khan Academy offer structured Chemistry lessons, quizzes, and discussions.

Studies by Ajayi (2013) and Okebukola (2002) have shown that the use of these tools leads to improved student achievement and attitude towards science subjects.

2.5 Impact of Educational Technology on Student Learning Outcomes

Empirical evidence suggests that educational technology improves students’ understanding, retention, and performance in science subjects. Eze and Adu (2015) found that students exposed to computer-assisted instruction performed significantly better than those taught using traditional methods. Moreover, the use of multimedia resources has been linked to increased motivation and engagement.

In Chemistry, educational technology makes learning interactive and helps bridge the gap between theory and practice. Students can observe chemical reactions, model molecular structures, and perform virtual experiments that would otherwise be too dangerous, expensive, or unavailable in real-life labs.

Numerous studies confirm the positive impact of educational technology on student performance and engagement in science subjects, including Chemistry. For example:

· Ibrahim & Adebayo (2019) showed that students taught using simulation software outperformed those taught using conventional methods in understanding chemical bonding.

· Ogunleye (2021) found that multimedia-based instruction increased student interest and participation, especially among low-achieving students.

· Ajayi&Akpan (2018) demonstrated that using video tutorials significantly improved students' grasp of stoichiometry and organic reactions.

In general, EdTech tools improve:

· Retention of knowledge,
· Active participation,
· Collaborative learning,
· Self-paced learning opportunities,
· Accessibility to quality learning materials.
These outcomes are particularly critical in Chemistry, where abstract ideas and experimental procedures dominate the curriculum.

2.6 Teachers’ Role and Attitudes Toward Educational Technology

The success of educational technology integration depends largely on the teachers’ competence, attitude, and willingness to adopt new methods. Many teachers in Nigerian schools lack adequate training in ICT and may be reluctant to change from traditional methods. According to Jegede (2009), teacher resistance, poor technical support, and lack of infrastructure are major barriers to effective EdTech use.

Teachers play a pivotal role in determining how effectively educational technology is implemented. However, many studies (e.g., Ololube, 2006; Yusuf, 2010) have pointed out that the success of educational technology adoption largely depends on teachers' ICT competence and willingness to embrace innovation.

Common challenges teachers face include:

· Lack of training or professional development on educational technology use.

· Inadequate access to functional ICT infrastructure.

· Fear of using unfamiliar tools due to limited digital literacy.

· Perceived increase in workload or classroom management issues.

Despite these barriers, when properly trained, teachers report increased confidence, improved lesson delivery, and better student outcomes. For example, a professional development initiative in Lagos State showed that after a series of workshops, Chemistry teachers reported higher motivation and competence in using simulations and online resources.

Professional development programs, workshops, and in-service training are therefore critical to build teacher capacity and promote the effective use of technology in classrooms.

2.7 Challenges of Using Educational Technology in Nigerian Schools

Despite its benefits, several factors hinder the effective use of educational technology in schools, especially in developing regions like Ilorin West LGA:

· Inadequate Infrastructure: Many schools lack basic ICT facilities, such as computers, projectors, and internet connectivity.

· Lack of Training: Teachers often lack the skills required to use digital tools effectively.

· Financial Constraints: Budget limitations affect the acquisition and maintenance of technology.

· Poor Electricity Supply: Irregular power supply disrupts technology-based teaching.

· Negative Attitudes: Some teachers and school administrators are skeptical about the value of EdTech or prefer traditional methods.

The adoption of educational technology in Nigeria faces several systemic barriers, especially in public schools and rural areas. Key challenges include:

· Infrastructural Deficiencies: Most schools lack reliable electricity, internet access, or even basic hardware like computers and projectors.

· Funding Constraints: Many schools are unable to purchase or maintain technological tools due to inadequate funding.

· Policy Implementation Gaps: Although there are ICT policies, poor enforcement and weak monitoring affect their impact.

· Resistance to Change: Cultural and generational attitudes among older teachers may result in resistance to new technologies.

· Low Student Digital Literacy: In some schools, students have limited exposure to computers or digital tools outside the classroom.

These issues need to be addressed to create an enabling environment for effective EdTech integration.

2.8 Theoretical Framework

1. Constructivist Learning Theory (Bruner, Piaget):
Constructivism emphasizes that learners actively construct their own understanding and knowledge through experiences. Educational technology supports this by allowing students to interact with simulations, manipulate virtual lab tools, and visualize abstract concepts. For example, virtual titration labs enable students to understand acid-base reactions through exploration and experimentation. This theory posits that learners construct knowledge through active engagement with their environment. Educational technology supports constructivist learning by enabling exploration, experimentation, and interactive engagement, which are essential in science education.

2. Technology Acceptance Model (TAM) – Davis (1989):

TAM explains how users come to accept and use technology. According to the model, perceived usefulness and ease of use influence the willingness to adopt technology. In this study, TAM helps explain why some teachers and students embrace educational technology tools while others resist them.
TAM posits that users' intention to adopt a technology is influenced by two main factors:

· Perceived Usefulness (PU): The degree to which a person believes that using a system will enhance job performance.

· Perceived Ease of Use (PEOU): The degree to which a person believes that using the system will be free of effort.

In the context of this study, TAM helps explain whether Chemistry teachers are likely to adopt EdTech based on its perceived benefits and usability.

This study is anchored on two relevant theories:

2.9 Empirical Studies

Numerous studies have examined the impact of educational technology in science education:

· Ogunlade (2016) reported that the use of simulations in teaching Chemistry improved students' performance in acid-base reactions.

· Adewale& Bello (2018) found a positive correlation between the use of multimedia presentations and students’ understanding of organic chemistry.

· Idowu et al. (2020) observed that virtual labs could compensate for the lack of physical laboratories in rural secondary schools.

· Adeosun (2012) studied the integration of ICT in Lagos secondary schools and found a positive correlation between digital resource use and science test performance.

· Aluko&Oyenuga (2017) reported that students in tech-equipped schools in Oyo State performed better in Chemistry practicals than their counterparts in non-equipped schools.

· Ndubuisi&Ejiofor (2021) found that teachers in Anambra State who used YouTube and animations in teaching organic chemistry achieved greater student engagement.

However, there is limited data specific to Ilorin West LGA on how these tools are used and what actual impact they have on Chemistry learning. This study aims to address this research gap.

2.10 Summary of the Review

The review of related literature has shown that educational technology tools, when properly utilized, can significantly enhance the teaching and learning of Chemistry. It has also highlighted several challenges that hinder their effective integration. The gap identified is the limited research specific to Ilorin West LGA, which this study intends to address. The literature reviewed affirms that educational technology has the potential to transform Chemistry education by enhancing student learning outcomes, increasing engagement, and simplifying complex concepts. While various studies have shown the benefits of EdTech tools, challenges such as lack of infrastructure, inadequate teacher training, and low policy implementation hinder their effective use in Nigeria. Theoretical perspectives such as constructivism and TAM provide a useful lens through which technology adoption and learning effectiveness can be understood. This study builds on existing literature by focusing on the specific context of Ilorin West LGA.

Educational technology is broadly defined as the systematic application of technological resources and processes to facilitate and improve teaching and learning. According to the Association for Educational Communications and Technology (AECT, 2008), it involves the ethical practice of facilitating learning and improving performance by creating, using, and managing appropriate technological processes and resources.

In today’s classroom, educational technology includes tools like:

· Hardware (e.g., projectors, computers, smartboards),

· Software (e.g., simulations, learning management systems, animation tools),

· Internet-based applications (e.g., YouTube, Google Classroom, Zoom),

· Mobile learning apps (e.g., Khan Academy, Edmodo),

· Assistive technologies for special education needs.

The application of these technologies transforms the traditional passive learning environment into an active, collaborative, and personalized learning experience. It also allows for the integration of visual and interactive content that enhances comprehension, especially in subjects like Chemistry.

CHAPTER THREE

RESEARCH METHODOLOGY

3.1 Introduction

This chapter presents the methodology used in the study. It includes the research design, population, sample and sampling techniques, research instruments, validation and reliability of the instrument, procedure for data collection, and method of data analysis. This chapter outlines the procedures used in conducting the research. It provides detailed information on the research design, population, sample size and sampling techniques, research instruments, procedures for data collection, and methods of data analysis. The chapter also includes information about the validity and reliability of the research instrument, as well as ethical considerations.


3.2 Research Design

The study adopted a descriptive survey research design. This design was chosen because it allows the researcher to collect data from a representative sample of the population to describe the current status regarding the use and impact of educational technology tools in teaching and learning Chemistry. It is suitable for studies aimed at gathering information about people’s opinions, attitudes, perceptions, or practices.This study employed a descriptive survey research design. This design was chosen because it allows the researcher to gather opinions, perceptions, and practices from a sample population and to describe the current status of the integration and impact of educational technology tools in teaching and learning Chemistry. It is non-experimental in nature and is suitable for assessing variables without manipulation


3.3 Population of the Study

The target population for this study consisted of all senior secondary school Chemistry teachers and SS II students in public and private schools in Ilorin West Local Government Area of Kwara State.
According to data from the Kwara State Ministry of Education (2024):
· There are approximately 45 senior secondary schools in the LGA.
· About 120 qualified Chemistry teachers are actively teaching in these schools.
· There are approximately 4,000 SS II students offering Chemistry.
This population was considered suitable for investigating the usage, perceptions, and challenges of educational technology tools in Chemistry classrooms.
The population of the study comprised all Chemistry teachers and Senior Secondary School (SSS) students in public and private senior secondary schools in Ilorin West Local Government Area, Kwara State.

As of the latest educational records (2024), there are approximately:

· 45 senior secondary schools in Ilorin West LGA.

· An estimated 120 Chemistry teachers.

· Over 4,000 SSS students offering Chemistry.



3.4 Sample and Sampling Techniques

A multi-stage sampling technique was used to draw the study sample:
1. Stratified Sampling: The schools were first categorized into public and private strata to ensure representation from both sectors.
2. Simple Random Sampling: From each stratum, 5 schools were randomly selected, making a total of 10 schools (5 public and 5 private).
3. Purposive Sampling: From each selected school, 1 Chemistry teacher and 20 SS II students were purposively selected based on their availability and relevance to the study.
This yielded a sample size of:
· 10 Chemistry teachers
· 200 SS II Chemistry students
This sample was deemed adequate to provide a reliable representation of the population.
1. Stratified sampling was used to group the schools into public and private categories.

2. Simple random sampling was then used to select 10 schools (5 public, 5 private).

3. Purposive sampling was employed to select 1 Chemistry teacher and 20 SS II Chemistry students from each selected school.

In total, the sample consisted of:

· 10 Chemistry teachers
· 200 Chemistry students
This sampling approach ensures the inclusion of diverse perspectives from both teachers and students across school types.



3.5 Research Instrument

The primary instrument for data collection was a self-developed structured questionnaire, titled:
“Impact of Educational Technology Tools on Chemistry Teaching and Learning Questionnaire (IETT-CTLQ)”.
The instrument was developed in two versions:
· Version A: For Chemistry teachers
· Version B: For Chemistry students
Each version comprised two sections:
· Section A: Demographic Data
Items gathered data such as gender, school type, years of teaching experience (for teachers), and access to ICT tools.
· Section B: Research Variables
Items focused on the core areas of the study including:
· Availability of educational technology tools
· Frequency of use
· Perceived effectiveness
· Challenges faced in using EdTech tools
A 4-point Likert scale was used:
· Strongly Agree (4)
· Agree (3)
· Disagree (2)
· Strongly Disagree (1)
Examples of questionnaire items:
· "ICT tools are regularly used to teach Chemistry in my school."
· "Simulations and animations help me understand Chemistry concepts better."
· "Lack of electricity limits the use of educational technology in my school."
The main instrument used for data collection was a structured questionnaire, developed by the researcher and titled:

“Impact of Educational Technology Tools on Chemistry Teaching and Learning Questionnaire (IETT-CTLQ)”.

The questionnaire had two versions:

· Version A: For Chemistry teachers

· Version B: For Chemistry students

Each version of the questionnaire was divided into two sections:

· Section A: Demographic information (e.g., gender, teaching experience, school type).

· Section B: Items measuring availability, usage, perceived impact, and challenges of using educational technology tools.

The items were rated on a 4-point Likert scale:

1. Strongly Agree

2. Agree

3. Disagree

4. Strongly Disagree

Sample items included:

· "My school provides access to functional ICT tools for teaching Chemistry."

· "The use of simulations and animations helps me understand Chemistry better."

· "Irregular electricity supply limits the use of educational technology tools."



3.6 Validity of the Instrument

To establish the reliability of the instrument, a pilot study was conducted in two schools not included in the main sample. The questionnaires were administered to 10 Chemistry teachers and 30 SS II Chemistry students.
Responses were analyzed using Cronbach’s Alpha to measure internal consistency:
· The teacher version yielded a reliability coefficient of 0.81
· The student version yielded a coefficient of 0.78
These values indicate a high level of reliability, confirming that the instrument consistently measures what it is intended to measure.
To ensure the validity of the instrument, the draft questionnaire was reviewed by two experts in science education and one expert in educational technology from the Faculty of Education, University of Ilorin. Their suggestions were used to refine the structure, language, and content of the questionnaire to ensure it effectively measured the intended constructs.To ensure content and face validity, the draft questionnaire was reviewed by:
· Two lecturers from the Department of Science Education, University of Ilorin,
· One expert in educational measurement and evaluation.
Their feedback was used to revise ambiguous items, align items with the research questions, and ensure that the items were culturally and contextually relevant for the target respondents.


3.7 Reliability of the Instrument

The reliability of the instrument was established through a pilot study conducted in two secondary schools not included in the main sample. The responses were analyzed using the Cronbach’s Alpha reliability test.

The reliability coefficient obtained was:

· 0.81 for the teachers’ version

· 0.78 for the students’ version

These values indicate a high level of internal consistency, confirming the reliability of the instrument.



3.8 Procedure for Data Collection

After obtaining the necessary approval from school authorities and consent from participants, the researcher personally administered the questionnaires to Chemistry teachers and students during break periods to avoid disrupting lessons. Respondents were assured of the confidentiality and anonymity of their responses. The completed questionnaires were collected on the same day to ensure a high response rate.The researcher obtained a letter of introduction from the Department of Science Education, which was presented to the principals of selected schools to gain access.
With cooperation from the school management:
· The researcher visited each selected school.
· Questionnaires were administered physically to Chemistry teachers and SS II students during non-teaching periods.
· Clarifications were provided to students when necessary to ensure accurate understanding.
· Completed questionnaires were retrieved immediately or within 48 hours to ensure a high response rate and data integrity.
3.9 Method of Data Analysis

The data collected were coded and analyzed using Statistical Package for the Social Sciences (SPSS) Version 23.0. The following statistical techniques were employed:
· Descriptive Statistics: Frequency counts, percentages, means, and standard deviations were used to answer the research questions.
· Inferential Statistics:
· Chi-square test was used to examine associations between categorical variables (e.g., school type and technology availability).
· Independent t-test was used to compare mean responses of students in public and private schools.
All hypotheses were tested at a 0.05 level of significance.
Data collected were coded and analyzed using descriptive and inferential statistics:

· Descriptive statistics such as frequency counts, percentages, means, and standard deviations were used to answer the research questions.

· Inferential statistics such as Chi-square and t-tests were used to test the formulated hypotheses at 0.05 level of significance.

The Statistical Package for the Social Sciences (SPSS) was used for data analysis.

3.10 Ethical Considerations

The study adhered to ethical research standards:

· Participants were fully informed about the purpose and scope of the study.

· Voluntary participation was ensured, with the option to withdraw at any time.

· Respondents were assured of anonymity and confidentiality.

· Data collected were used strictly for academic purposes.

· Parental consent was obtained for students below 18 years.

3.11 Summary

This chapter presented the research methodology used in the study. It described the research design, population, sampling techniques, data collection instruments, validity and reliability procedures, ethical considerations, and methods of data analysis. These methodological procedures provide a solid foundation for gathering and analyzing data to address the research questions.

The following ethical principles were observed:

· Informed consent was obtained from all participants.

· Participants were assured of voluntary participation and the right to withdraw at any point.

· All responses were treated with confidentiality and anonymity.

· Data collected were used strictly for academic purposes.

CHAPTER FOUR
DATA PRESENTATION AND ANALYSIS
4.1 Introduction
This chapter presents the analysis of data collected from the research. The data were analyzed using descriptive and inferential statistics. The findings are presented in line with the research questions and hypotheses, which were aimed at determining the impact of educational technology tools on the teaching and learning of Chemistry in senior secondary schools in Ilorin West LGA, Kwara State.


4.2 Response Rate
A total of 10 Chemistry teachers and 200 SS II students from the selected schools participated in the study. Out of the 210 questionnaires distributed, 200 questionnaires were returned and found to be complete. This yields a response rate of 95.24%, which is considered satisfactory for the purposes of data analysis.


4.3 Demographic Data of Respondents
The demographic characteristics of the respondents (Chemistry teachers and students) are presented below:
4.3.1 Demographic Data of Chemistry Teachers
Table 4.1 summarizes the demographic details of the Chemistry teachers:
	Variable
	Frequency (n=10)
	Percentage (%)

	Gender
	
	

	Male
	7
	70%

	Female
	3
	30%

	Teaching Experience
	
	

	1-5 years
	3
	30%

	6-10 years
	4
	40%

	11+ years
	3
	30%

	School Type
	
	

	Public
	6
	60%

	Private
	4
	40%




4.3.2 Demographic Data of Students
Table 4.2 presents the demographic characteristics of the SS II students:
	Variable
	Frequency (n=200)
	Percentage (%)

	Gender
	
	

	Male
	110
	55%

	Female
	90
	45%

	School Type
	
	

	Public
	120
	60%

	Private
	80
	40%




4.4 Analysis of Research Questions
This section presents the findings based on the research questions.
Research Question 1:
What is the availability of educational technology tools for teaching and learning Chemistry in senior secondary schools in Ilorin West LGA?
Table 4.3 presents the responses regarding the availability of educational technology tools.
	Technology Tool
	Frequency of Availability
	Percentage (%)

	Computers/PCs
	60
	30%

	Smartboards
	35
	17.5%

	Projectors
	70
	35%

	Internet Access
	45
	22.5%

	Educational Apps
	40
	20%

	Virtual Lab Simulations
	20
	10%


· The data indicates that projectors are the most commonly available tool (35% of respondents), followed by computers/PCs (30%).
· Virtual lab simulations and educational apps are less commonly available, with 10% and 20% availability, respectively.
· Internet access is available in 22.5% of schools, which is quite limited.
Research Question 2:
To what extent do Chemistry teachers use educational technology tools in their teaching practices?
Table 4.4 presents the frequency of use of educational technology tools by teachers.
	Technology Tool
	Always
	Often
	Rarely
	Never
	Total (%)

	Computers/PCs
	4 (40%)
	3 (30%)
	2 (20%)
	1 (10%)
	100%

	Smartboards
	2 (20%)
	1 (10%)
	4 (40%)
	3 (30%)
	100%

	Projectors
	5 (50%)
	2 (20%)
	2 (20%)
	1 (10%)
	100%

	Internet Access
	3 (30%)
	1 (10%)
	3 (30%)
	3 (30%)
	100%

	Educational Apps
	1 (10%)
	2 (20%)
	3 (30%)
	4 (40%)
	100%

	Virtual Lab Simulations
	0 (0%)
	2 (20%)
	5 (50%)
	3 (30%)
	100%


· Projectors and computers/PCs are the most frequently used tools, with 50% and 40% of teachers using them always.
· The use of virtual lab simulations is minimal, with 50% of teachers indicating they rarely use them.
· There is low usage of educational apps and smartboards, with 40% of teachers never using them.
Research Question 3:
What is the perceived impact of educational technology tools on students’ learning of Chemistry?
Table 4.5 presents students’ perceptions of the impact of technology tools on their learning of Chemistry.
	Statement
	SA (%)
	A (%)
	D (%)
	SD (%)
	Mean

	ICT tools make Chemistry more interesting and engaging.
	45
	35
	15
	5
	3.20

	Virtual lab simulations help me understand complex concepts.
	25
	40
	20
	15
	2.75

	Educational apps improve my understanding of Chemistry.
	20
	30
	30
	20
	2.50

	Projectors and multimedia presentations help me understand better.
	50
	30
	15
	5
	3.25

	Use of internet for research enhances my Chemistry knowledge.
	35
	40
	15
	10
	3.00


· Projectors and multimedia presentations are seen as the most beneficial, with a mean score of 3.25.
· Virtual lab simulations have a moderate impact, with a mean score of 2.75.
· Educational apps have the least perceived impact, with a mean score of 2.50.


4.5 Hypothesis Testing
This section presents the results of hypothesis testing to determine if significant differences exist between variables.
Hypothesis 1:
There is no significant difference between the availability of educational technology tools in public and private schools in Ilorin West LGA.
A Chi-square test was conducted, and the results indicated that the p-value was 0.03, which is less than the 0.05 significance level. Thus, the null hypothesis is rejected, implying that there is a significant difference between the availability of educational technology tools in public and private schools.
Hypothesis 2:
There is no significant difference in the perceived effectiveness of educational technology tools in Chemistry teaching between male and female students.
An independent t-test was conducted. The results showed a p-value of 0.48, which is greater than the 0.05 significance level. Thus, the null hypothesis is not rejected, meaning there is no significant difference in the perceived effectiveness between male and female students.


4.6 Discussion of Findings
The findings indicate that while educational technology tools, particularly projectors and computers, are available in most schools, their actual use in teaching Chemistry is limited. The tools that have the most perceived impact, such as projectors and multimedia presentations, are used more frequently, while more advanced tools like virtual labs and educational apps are less frequently utilized.
Students generally perceive that educational technology tools enhance their interest in and understanding of Chemistry, particularly tools like projectors and the internet. However, the overall usage of EdTech is still low, which is consistent with previous studies highlighting infrastructural and technical challenges in Nigerian schools.


4.7 Summary
This chapter presented the data analysis based on the research questions and hypotheses. The findings suggest that the availability of educational technology tools varies across schools, with public schools having fewer resources. The usage of these tools by teachers is also limited, and the perceived impact on student learning is moderate. The hypothesis tests revealed significant differences in the availability of technology between public and private schools, but no significant difference in perceived effectiveness between male and female students.
CHAPTER FIVE

SUMMARY, CONCLUSION, AND RECOMMENDATIONS

5.1 Introduction

This chapter presents the summary, conclusions, and recommendations based on the findings of the study on the impact of educational technology tools in the teaching and learning of Chemistry in senior secondary schools in Ilorin West LGA, Kwara State. The chapter concludes by offering practical suggestions to enhance the integration of educational technology in Chemistry education.



5.2 Summary of the Study

The study aimed to investigate the impact of educational technology tools on the teaching and learning of Chemistry in senior secondary schools in Ilorin West LGA, Kwara State. The research sought to answer the following key questions:

1. What is the availability of educational technology tools in teaching and learning Chemistry?
2. To what extent do Chemistry teachers use educational technology tools in their teaching practices?
3. What is the perceived impact of educational technology tools on students' learning of Chemistry?
The study involved 10 Chemistry teachers and 200 SS II students from selected schools. Data were collected using questionnaires, and the analysis was done using both descriptive and inferential statistics.

Key findings include:

· Availability of Technology: Tools like projectors, computers, and internet access are available in some schools, but more advanced tools like virtual labs and educational apps are limited.

· Frequency of Use: The frequency of use of educational technology tools is low, with projectors and computers being the most commonly used tools by teachers, while tools such as smartboards and virtual labs are infrequently used.

· Impact on Learning: Students perceive that technology tools, especially projectors and multimedia presentations, have a positive impact on their learning. Tools like virtual lab simulations also contribute to students’ understanding of complex Chemistry concepts.

· School Type Differences: Public schools generally have fewer resources compared to private schools, leading to a disparity in the availability and usage of technology tools.

· Gender Differences: The study found no significant difference in the perceived effectiveness of technology tools between male and female students.



5.3 Conclusion

The findings of this study indicate that while educational technology tools have the potential to significantly enhance the teaching and learning of Chemistry in senior secondary schools, their availability and usage are still limited, particularly in public schools. The positive perception of students towards the use of technology tools shows that there is potential for improved learning outcomes, provided these tools are utilized effectively and more frequently.

However, there are several challenges hindering the full integration of technology into Chemistry education. These include limited access to advanced technology, inadequate teacher training, and the infrastructure gap between public and private schools. In addition, many teachers still rely on traditional methods of teaching, which do not fully leverage the potential of available educational technology.

Given these conclusions, it is clear that substantial improvements are needed to integrate educational technology tools into Chemistry teaching in Ilorin West LGA.



5.4 Recommendations

Based on the findings of this study, the following recommendations are made to improve the use and impact of educational technology tools in the teaching and learning of Chemistry in senior secondary schools:

1. Improvement in Infrastructure:
Educational authorities should ensure that schools are equipped with the necessary technological infrastructure, such as computers, projectors, and smartboards, to support the teaching of Chemistry. Efforts should be made to provide virtual lab simulations and educational apps to schools, especially in public institutions.

2. Teacher Professional Development:
Teachers should undergo regular training and workshops to improve their skills in integrating technology into their teaching practices. This training should focus on the effective use of tools like multimedia presentations, virtual labs, and interactive whiteboards to enhance Chemistry instruction.

3. Increased Access to Educational Technology:
The government and school management should prioritize increasing the availability of internet access, smartboards, and virtual lab technologies in schools. Partnerships with technology companies and non-governmental organizations (NGOs) could also help in providing affordable and sustainable solutions to the technology gap in schools.

4. Encouraging Collaboration:
Schools should encourage collaboration between teachers and educational technologists to integrate the use of ICT effectively into the curriculum. Teachers can work with ICT specialists to create engaging digital content, interactive chemistry simulations, and instructional videos that can help students grasp complex Chemistry concepts.

5. Expansion of Technology Use:
School administrators should create a more conducive environment for the frequent use of technology by students in Chemistry classes. This can include setting up technology-enhanced classrooms, allowing for project-based learning, and encouraging student-driven learning through technology.

6. Improvement in Research and Feedback Mechanisms:
Regular assessments of how technology tools impact students’ learning outcomes should be conducted. Schools can create systems for gathering feedback from both students and teachers on the use of educational technology tools, allowing for continuous improvement and adaptation of technology integration.

7. Support for Public Schools:
To bridge the gap between public and private schools in terms of access to technology, the government should provide additional support to public schools, especially in remote or underserved areas. This could include providing subsidies, grants, or low-cost options for acquiring educational technology tools.



5.5 Suggestions for Further Research

While this study provides important insights into the impact of educational technology on Chemistry teaching and learning, further research is needed to:

1. Explore the Impact of Specific Technologies: Future studies could investigate the effectiveness of specific educational technology tools, such as virtual laboratories, online learning platforms, and interactive simulations, on Chemistry students' understanding and performance.

2. Longitudinal Studies: A longitudinal study that tracks the impact of educational technology tools over several years could provide deeper insights into how sustained use affects students' learning outcomes in the long term.

3. Comparative Studies in Different Regions: A comparative study involving different regions or states in Nigeria could help to understand whether the challenges and benefits of using educational technology are consistent across the country.

4. Investigate the Role of Students’ Digital Literacy: Future research could explore the role of students’ digital literacy in enhancing their learning experience with educational technology. Understanding how students' prior knowledge of technology affects their learning can provide valuable insights for educators.



5.6 Final Thoughts

The integration of educational technology in Chemistry teaching has the potential to transform the learning experience for students and improve their academic outcomes. However, achieving this transformation requires addressing the challenges of limited access, insufficient teacher training, and infrastructural gaps. By focusing on these areas, policymakers and educators can work together to create an educational environment where technology can fully support teaching and learning, making Chemistry more accessible and engaging for all students.
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QUESTIONNAIRE FOR TEACHERS

Section A: Demographic Information

Please answer the following questions by ticking (✓) the appropriate option.

1. Gender:
· ☐ Male

· ☐ Female

2. Age Group:
· ☐ 20-30

· ☐ 31-40

· ☐ 41-50

· ☐ 51 and above

3. Highest Qualification:
· ☐ NCE

· ☐ B.Sc. / B.Ed. / B.A. (Education)

· ☐ M.Sc. / M.Ed.

· ☐ PhD

4. Teaching Experience:
· ☐ 1-5 years

· ☐ 6-10 years

· ☐ 11-15 years

· ☐ 16 years and above

5. School Type:
· ☐ Public

· ☐ Private



Section B: Use of Educational Technology Tools

Please indicate how often you use the following educational technology tools in teaching Chemistry.

	Educational Technology Tool
	Never
	Rarely
	Sometimes
	Often
	Always

	Projector
	☐
	☐
	☐
	☐
	☐

	Computer/PC
	☐
	☐
	☐
	☐
	☐

	Interactive Whiteboard
	☐
	☐
	☐
	☐
	☐

	Virtual Laboratory (Simulations)
	☐
	☐
	☐
	☐
	☐

	Educational Apps (e.g., for quizzes, etc.)
	☐
	☐
	☐
	☐
	☐

	Internet Resources (YouTube, online articles)
	☐
	☐
	☐
	☐
	☐

	Mobile Phones/Tablets for learning
	☐
	☐
	☐
	☐
	☐




Section C: Teacher Perception of Technology in Teaching

Please answer the following questions by ticking (✓) the most appropriate option.

6. Do you feel that educational technology tools improve the quality of Chemistry teaching?
· ☐ Yes

· ☐ No

· ☐ Not
7. What challenges do you face in using educational technology tools in your Chemistry teaching? (You may select more than one)

· ☐ Lack of equipment

· ☐ Insufficient training

· ☐ Power supply issues

· ☐ Students’ lack of access to technology

· ☐ Lack of internet access

· ☐ Others (Please specify) __________________________

8. In your opinion, do students engage more when technology tools are used in teaching Chemistry?
· ☐ Yes

· ☐ No

· ☐ Sometimes

9. Do you think the integration of technology in teaching Chemistry can improve students' academic performance?
· ☐ Yes

· ☐ No

· ☐ Not Sure

10. How do you rate your proficiency in using educational technology tools?
· ☐ Very proficient

· ☐ Proficient

· ☐ Neutral

· ☐ Not proficient

· ☐ Not proficient at all



QUESTIONNAIRE FOR STUDENTS

Section A: Demographic Information

Please answer the following questions by ticking (✓) the appropriate option.

1. Gender:
· ☐ Male

· ☐ Female

2. Age Group:
· ☐ 15-16 years

· ☐ 17-18 years

· ☐ 19-20 years

3. School Type:
· ☐ Public

· ☐ Private



Section B: Use of Educational Technology Tools

Please indicate how often you have used the following educational technology tools in your Chemistry lessons.

	Educational Technology Tool
	Never
	Rarely
	Sometimes
	Often
	Always

	Projector
	☐
	☐
	☐
	☐
	☐

	Computer/PC
	☐
	☐
	☐
	☐
	☐

	Interactive Whiteboard
	☐
	☐
	☐
	☐
	☐

	Virtual Laboratory (Simulations)
	☐
	☐
	☐
	☐
	☐

	Educational Apps (e.g., for quizzes, etc.)
	☐
	☐
	☐
	☐
	☐

	Internet Resources (YouTube, online articles)
	☐
	☐
	☐
	☐
	☐

	Mobile Phones/Tablets for learning
	☐
	☐
	☐
	☐
	☐




Section C: Student Perception of Technology in Learning

Please answer the following questions by ticking (✓) the most appropriate option.

4. Do you enjoy using educational technology tools (such as projectors, computers, apps) in your Chemistry lessons?
· ☐ Yes

· ☐ No

· ☐ Sometimes

5. Do you believe that the use of educational technology tools helps you understand Chemistry better?
· ☐ Yes

· ☐ No

· ☐ Not Sure

6. Which educational technology tools do you find most helpful in learning Chemistry? (Select the top three tools that you find most beneficial)

· ☐ Projector

· ☐ Computer/PC

· ☐ Interactive Whiteboard

· ☐ Virtual Laboratory (Simulations)

· ☐ Educational Apps

· ☐ Internet Resources

· ☐ Mobile Phones/Tablets

7. Do you feel that educational technology tools make Chemistry more interesting?
· ☐ Yes

· ☐ No

· ☐ Not Sure

8. In your opinion, does the use of technology help you perform better in Chemistry?
· ☐ Yes

· ☐ No

· ☐ Not Sure

9. What challenges do you face when using educational technology tools in your Chemistry lessons? (You may select more than one)

· ☐ Limited access to technology

· ☐ Poor internet connection

· ☐ Lack of proper training

· ☐ Device malfunction

· ☐ No challenges

· ☐ Others (Please specify) ___________________________

10. Do you think that your teachers should use more educational technology tools in teaching Chemistry?
· ☐ Yes

· ☐ No

· ☐ Not Sure
Instructions:

1. Please fill in the answers as honestly as possible.

2. Your responses will be kept confidential and will only be used for academic research purposes.

3. For multiple-choice questions, please tick the appropriate boxes.

4. For open-ended questions, feel free to provide as much detail as possible.

