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ABSTRACT
This research investigate the Secondary School Students Awareness and Utilization of Augmented Reality For Learning Biology Concept In Wamakko Metropolis, Sokoto State.  Specifically, the study seeks to:  Examine the extent of students’ awareness of Augmented Reality for learning Biology in Secondary schools, Wamakko LGA, Sokoto state, and explore the extent of students’ utilisation of Augmented Reality for learning Biology in Secondary schools, Wamakko LGA, Sokoto state. The population of the study consists of all students in senior secondary schools offering Biology in Wamakko Local Government Area of Sokoto State. According to records from the Inspectorate Department, Ministry of Basic and Secondary Education (MOBSE) Sokoto State (2024), Wamakko LGA has several public and private secondary schools. For the purpose of this research, ten (10) senior secondary schools were purposively selected to represent the study area. The results indicated the analysis of the extent at which Secondary schools students are aware of Augmented Reality for learning Biology in Secondary schools, Wamakko L.G.A, Sokoto state. The criterion mean of >/= 2.5 was set to be aware while <2.5 was set to be unaware. As shown in the table 2, the respondents are aware of the existence of Google expeditions (2.50) for learning Biology concepts in Secondary schools, Wamakko L.G.A, Sokoto state. However, the respondents indicated “Not aware” for the other items in the constructs such as Anatomy 4D (2.30). The study  concluded that students demonstrate awareness and utilization of Google Expeditions, their limited knowledge of other Augmented Reality tools presents a notable gap in their exposure to diverse educational resources.
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CHAPTER ONE
INTRODUCTION
1.0 Background to the Study
Education can be described as a collective technique which a society employs to instruct its youths in the values and accomplishment for the civilization within which it exists. Education is achieved through teaching and learning. Globally, there is a growing demand that educational process should be driven through technology just as it is applicable in other areas of human endeavours. Also, Education is a systematic process of acquiring knowledge, skills, values, and attitudes that enable individuals to develop their intellectual, social, and emotional capacities. It involves formal instruction, informal learning experiences, and the cultivation of critical thinking, creativity, and problem-solving abilities" (Biesta, 2012). The concept encompasses the processes and practices by which individuals gain knowledge, develop skills, and acquire competencies that contribute to their personal growth and well-being. It involves the facilitation of learning, the nurturing of curiosity and critical thinking, and the promotion of ethical values and social responsibility." (OECD, 2021)                                                                                                            
In Nigeria, the levels of education are typically categorized into three main tiers, as viewed by scholars and educational experts. The first level is primary education, which provides foundational knowledge and skills to children aged 6 to 11 years. Primary education aims to develop basic literacy, numeracy, and critical thinking abilities. The next level is secondary education, which spans from ages 12 to 17 years and is divided into junior secondary and senior secondary stages. Secondary education builds on the foundations laid in primary school and offers more specialized subjects, preparing students for higher education or vocational training.
The final tier is tertiary education, encompassing universities, polytechnics, and colleges of education. Tertiary education offers undergraduate and postgraduate programs, focusing on specialized fields of study and advanced research. Scholars emphasize the importance of strengthening each level of education to improve access, quality, and relevance, with a focus on producing skilled and knowledgeable graduates to contribute to the nation's socioeconomic development. It is worth noting to affirm that the strengthening processes can be advanced with the integration of ICT for teaching and learning across the various the levels of education. 
	Information Communication Technology (ICT) refers to the use of digital tools, devices, and networks to transmit, process, and store information. Scholars like Puentedura (2006) have proposed the "SAMR" model, which classifies ICT integration into four levels: Substitution, Augmentation, Modification, and Redefinition. At the substitution level, ICT is used as a direct replacement for traditional tools, while augmentation enhances tasks with slight improvements. At the modification level, ICT allows for significant task redesign, and at the redefinition level, it enables the creation of new learning experiences not previously possible. 
Zhao (2021) emphasizes the importance of integrating ICT effectively to foster 21st-century skills, such as collaboration, critical thinking, and creativity. Scholars emphasize that when ICT is thoughtfully incorporated into teaching and learning, it can enhance engagement, promote personalized learning, provide access to a wealth of resources, and prepare students for the digital world they will encounter beyond the classroom. By embracing ICT, educators can create dynamic and interactive learning environments that empower students to become active and proficient users of technology while acquiring essential skills for success in a technologically advanced society. One of the modern forms of ICT integration into the field of education is Augmented Reality.
Augmented Reality (AR) is a technology that overlays digital content onto the real-world environment, blending virtual elements with the physical world. It allows users to interact with digital objects, information, or experiences in real-time through devices like smartphones, tablets, or AR glasses. Scholars have recognized the relevance of Augmented Reality for teaching and learning, emphasizing its potential to enhance educational experiences. For instance, Chen et al. (2018) highlight that AR can provides immersive and interactive learning environments, enabling students to visualize complex concepts and engage in hands-on learning. 
By augmenting educational content with digital visuals, animations, or simulations, AR can make abstract concepts more tangible and accessible, fostering deeper understanding and knowledge retention. Moreover, Dede (2019) emphasizes that AR can personalize learning experiences, allowing students to learn at their own pace and according to their individual preferences. Through gamified elements and interactive activities, AR can promote active learning, motivation, and student engagement, making the learning process more enjoyable and effective. In the context of education, AR also offers opportunities for collaborative learning and social interaction. Bell et al. (2018) emphasize that AR can facilitate group projects and teamwork, where students can collaboratively explore, create, and solve problems in shared virtual spaces. This collaborative aspect of AR fosters communication and cooperation among students, promoting the development of teamwork and interpersonal skills. Additionally, AR can extend learning beyond the traditional classroom setting, enabling students to access educational content anytime and anywhere. Scholars like Johnson et al. (2016) note that AR applications can be used for field trips, museum visits, or outdoor learning, enriching educational experiences by providing real-world context and relevance. In summary, the incorporation of Augmented Reality in education has the potential to transform teaching and learning, making it more interactive, personalized, and engaging for students while promoting deeper comprehension and knowledge acquisition.
In line with the pre-occupations of the relevance of Augmented Reality for teaching and learning, there is every tendency to investigate the extent of Secondary schools students’ awareness and utilization of the innovation for learning in Schools. Students' awareness of Augmented Reality for learning in schools refers to the extent to which students have knowledge and understanding of the existence, potential, and benefits of using Augmented Reality technology as a tool for enhancing their educational experiences. It involves students' familiarity with the concept of Augmented Reality and their awareness of how this technology can be integrated into the classroom to support and supplement traditional learning methods. Students' awareness may encompass recognizing Augmented Reality applications, understanding its functionalities, and being informed about how it can be applied to various subjects and topics for improved learning outcomes.
Some scholars have explored this topic and highlighted certain aspects regarding students' awareness of AR for learning. For instance, Huang et al. (2018) conducted a study and found that many students were generally aware of Augmented Reality technology but had limited awareness of its specific applications in education. While students were familiar with AR in gaming and entertainment contexts, they lacked exposure to AR-enhanced learning experiences. This suggests that there is a gap in students' understanding of the full potential of AR for educational purposes. Similarly, Akçayır and Akçayır (2017) noted that while some students were aware of AR as a concept, their knowledge was often limited to basic understanding without a clear grasp of how it could be effectively integrated into their learning experiences. This indicates the need for increased awareness and education about AR's capabilities and benefits in the educational context to maximize its impact on learning outcomes.
Put together, while students may have a general awareness of Augmented Reality as a technology, their specific understanding of its potential for enhancing learning experiences is still relatively limited. Scholars such as Bell et al. (2018) have emphasized the importance of providing educational institutions with resources and strategies to introduce AR in the classroom and expose students to its various applications for learning. As AR technology continues to advance and become more prevalent in education, it is essential to bridge the awareness gap and empower students with the knowledge to fully leverage its benefits in their academic journeys. Further research is needed to gauge students' evolving awareness of AR for learning as the technology and its integration in education progress and this is one of the reasons why the present study is conducted. Another variable of interest in this study is the assessment of Students’ utilization of Augmented Reality for learning in Schools. Students' utilization of Augmented Reality for learning refers to the extent to which students actively engage with Augmented Reality technology as a means of enhancing their educational experiences and academic achievements. It involves students' practical application of Augmented Reality tools and resources in the learning process, such as using Augmented Reality apps, simulations, or interactive content to explore and understand educational concepts. Students' utilization of Augmented Reality goes beyond mere awareness and involves hands-on experiences, interactions, and active participation with the technology to deepen their understanding and retention of subject matter. This utilization can take place both inside and outside the classroom, enabling students to access dynamic and immersive learning experiences that augment traditional educational methods.
According to a study conducted by Wang and Shen (2020), the extent of students' utilization of Augmented Reality for learning depends on several factors. These scholars found that students' prior experience and exposure to Augmented Reality technology play a significant role in their utilization of it for learning purposes. Students who had previous familiarity with Augmented Reality tended to be more adept at incorporating it into their educational practices. Additionally, the study highlighted the importance of educators' roles in facilitating and encouraging students' utilization of Augmented Reality. When teachers actively integrated Augmented Reality into their lesson plans and provided guidance and support, students were more likely to utilize the technology for learning. Conversely, when Augmented Reality was not readily available or not adequately integrated into the curriculum, students' utilization of it remained limited. Therefore, the extent of students' utilization of Augmented Reality for learning is influenced by their prior exposure, the availability of Augmented Reality resources, and the support and guidance provided by educators 
1.2 Statement of the Problem
This study seeks to address the lack of comprehensive understanding regarding the extent of students' awareness and utilization of Augmented Reality (AR) in the context of learning Biology concepts within the educational setting of Wamakko Metropolis. The integration of AR technology in education has shown promise in enhancing students' learning experiences, particularly in complex subjects like Biology. However, there is limited research specific to Wamakko Metropolis, Nigeria, exploring how secondary school students in this region perceive and utilize AR for Biology learning. This research gap poses a significant concern as it hinders the optimization of AR's potential in Biology education.
The study seeks to investigate the level of students' awareness of AR technology and its implementation for learning Biology concepts. It also aims to understand the factors influencing students' utilization of AR in their Biology learning processes, such as access to technology, teacher support, and perceived effectiveness of AR-based learning. Identifying these factors will contribute valuable insights into the challenges and opportunities associated with implementing AR in Biology education in Wamakko Metropolis, facilitating the development of effective strategies to enhance students' engagement and academic achievement in the subject. By addressing this research gap, the study aims to provide valuable guidance for educators and policymakers in Wamakko Metropolis to harness the potential of AR technology to improve Biology learning outcomes for secondary school students. However, this study is not the first of its kind and effort would be made to succinctly prior studies at this juncture.
Abdulrahman and Okonkwo (2017) conducted a study on the "Perceptions of Augmented Reality in Biology Education: A Survey of Secondary School Students in Wamakko Metropolis". The study found that a significant number of secondary school students had positive perceptions of using Augmented Reality for learning biology concepts. They perceived the technology as engaging and effective in making complex topics more accessible, leading to increased interest and motivation in biology. However, concerns were raised regarding the availability of suitable devices and technical support for optimal implementation.
Adamu and Okafor (2015) explored "Augmented Reality as a Tool for Enhancing Biology Instruction: Perspectives from Biology Teachers in Secondary Schools, Wamakko Metropolis". The research focused on the perspectives of biology teachers regarding the integration of Augmented Reality into their instruction. The study highlighted that teachers recognized the potential benefits of Augmented Reality in biology education, including increased student engagement and improved concept retention. However, they also emphasized the need for adequate training and technical support to effectively integrate the technology into their teaching practices.
Ibrahim and Onuoha (2014) conducted "A Comparative Analysis of Augmented Reality and Traditional Biology Instruction: A Study of Secondary School Students in Wamakko Metropolis". The study compared the effectiveness of Augmented Reality-based biology instruction to traditional teaching methods. Results indicated that students exposed to Augmented Reality showed better performance in biology assessments and higher levels of interest and participation in class activities. The study underscored the potential of Augmented Reality as a valuable tool for improving biology education in secondary schools. Despite the efforts made by previous researchers to present the relevance of Augmented Reality for learning across schools, it is glaring that not much have been conducted on the Secondary schools students’ awareness and utilization of Augmented Reality for learning Basic Biology concepts in Wamakko LGA, Sokoto state which hereby creates a gap in literature, part of which the present study intends to cover.
1.3 Objectives of the Study
The main purpose of this study is to assess Secondary schools students’ awareness and utilization of Augmented Reality for learning basic Biology concept in Wamakko LGA, Sokoto state. Specifically, the study seeks to: 
i. Examine the extent of students’ awareness of Augmented Reality for learning Biology in Secondary schools, Wamakko LGA, Sokoto state.
ii. Explore the extent of students’ utilisation of Augmented Reality for learning Biology in Secondary schools, Wamakko LGA, Sokoto state.


1.4 Research Questions
The following research questions would be answered in this study: 
i. To what extent are Secondary schools students’ aware of Augmented Reality for learning Biology in Secondary schools, Wamakko LGA, Sokoto state?
ii. To what extent do Secondary schools students’ utilise Augmented Reality for learning Biology in Secondary schools, Wamakko LGA, Sokoto state?
2.1 Teaching and learning of Biology in Secondary schools
Biology deals with the study of a diverse array of living organisms and is considered a natural science (Magna, 2012). It encompasses the investigation of living organisms' structure, function, growth, distribution, and taxonomy. This discipline includes micro-organisms, fungi, plants, and animals, covering the entirety of the living world. Despite its extensive scope, biology is unified by several fundamental concepts that underpin all its studies and research, forming a coherent field. Among these concepts are the cell, recognized as the basic unit of life, genes as the fundamental unit of heredity, and evolution as the driving force behind the creation of new species. Additionally, it is understood that all organisms sustain themselves by consuming and transforming energy while regulating their internal environment to maintain stability and vitality.
Biology is divided into various sub-disciplines based on the scale of organisms studied, the types of organisms studied, and the methodologies employed. Biochemistry examines the fundamental chemistry of life, while molecular biology delves into the intricate interactions among biological molecules. Botany focuses on the biology of plants, while cellular biology investigates the basic building blocks of all life, cells. Physiology explores the physical and chemical functions of tissues, organs, and organ systems in organisms. Evolutionary biology studies the processes that have led to the diversity of life, while ecology explores how organisms interact within their environments. Other sub-disciplines include zoology, which studies animals; pathology, examining diseases in plants and animals and their control; entomology, the study of insects; algaelogy, the study of algae; parasitology, the study of parasites; and microbiology, the study of microorganisms.
Biology education involves the teaching and training of individuals to understand their bodies, the functions of its parts, and the broader principles of biology. It is the application of educational principles in the context of teaching and learning biology. The primary goal of biology education is to transfer knowledge and instill an understanding of biological concepts in students. It aims to equip learners with an awareness of themselves and their environment, fostering an appreciation for the intricacies of life and the natural world. Biology educators play a crucial role in facilitating students' comprehension of complex biological processes and nurturing their curiosity in the fascinating realm of living organisms.
Biology education in Nigeria serves multiple objectives, encompassing intellectual, ethical, and practical aims. One of the primary goals is to equip individuals with a comprehensive understanding of the principles and techniques of biology. Through this education, knowledgeable and motivated biology teachers can nurture students' appreciation and comprehension of biological processes and principles. It also aims to foster confidence in teachers, enabling them to adapt to the evolving scientific and technological landscape.
Furthermore, biology education encourages students to view biology as a process of inquiry into the living world and analyze the activities of living organisms in their environment. Practical skills in handling scientific apparatus are also demonstrated, enhancing the professional competence of biology teachers. The education instills a positive scientific attitude and values within society, promoting a favorable disposition towards biology, science, and scientific endeavors. Moreover, the concepts and methods acquired in biology education are applicable in various fields of study and everyday life situations.
The importance of biology education lies in its ability to enhance individuals' understanding of the relationship between humans and the environment, as well as the interrelationships between living and non-living entities. It equips learners with essential skills, such as observation, communication, problem identification, hypothesis formulation, data analysis, and inference making. Additionally, biology education prepares individuals for career paths in areas such as Pharmacy, Medicine, Teaching, Agriculture, and more. Studying biology fosters an increased interest and aesthetic appreciation of nature, encouraging individuals to engage in biologically-based hobbies. It imparts factual knowledge and stimulates scientific reflective thinking, leading to a better-informed populace. The education also instills scientific skills and attitudes, guiding individuals in their approach to personal and social issues.
The significance of studying plants in botany lies in understanding their critical role in human survival, providing basic needs such as food, clothing, shelter, and medicine. Similarly, the study of animals highlights their usefulness to humans, such as providing food, clothing materials, and valuable medicinal resources. Understanding the role of animals in the environment contributes to the maintenance and balance of ecological systems. However, to achieve the listed objectives and importance of biology education, Nigeria faces challenges and prospects. It is essential to address these challenges to ensure a robust and effective biology education system that empowers students with vital knowledge and skills, allowing them to contribute meaningfully to society's development.
1.5 Research Hypotheses
The following research hypotheses would be tested in this study:
H01: There is no significant difference in students’ awareness and utilisation of Augmented Reality for learning Biology in Secondary schools, Wamakko LGA, Sokoto state based on Gender
H01: There is no significant difference in students’ awareness and utilisation of Augmented Reality for learning Biology in Secondary schools, Wamakko LGA, Sokoto state based on School type.
1.6 Scope of the Study
This study seeks to investigate the extent of Secondary schools students’ awareness and utilization of Augmented Reality for learning basic Biology concepts in Wamakko LGA, Sokoto state. The target population comprises Secondary schools students who offer Biology in 10 Public and Private secondary schools in the study area. A self-constructed questionnaire would be used to elicit information from the respondents. The questionnaire would contain three sections namely A, B, and C respectively. Section A covers details on the demographic information of the respondents, Section B covers items that focuses on the extent of Secondary school students’ awareness of Augmented Reality for learning basic Biology concept while Section C covers items on the extent of Secondary schools students’ utilization of Augmented Reality for learning basic Biology concepts in Wamakko LGA, Sokoto state. The data gathered would be calculated with Percentage (demographic data), simple frequency mean and standard deviation (research questions) while the hypotheses would be tested with t-test inferential statistics all at 0.05 level of significance.
1.7 Significance of the Study
The study titled "Secondary School Students' Awareness and Utilisation of Augmented Reality for Learning Biology Concepts in Wamakko Metropolis" holds significant relevance for various stakeholders involved in the education system, including the government, curriculum planners, school administrators, parents, teachers, students, and future researchers in the following ways:
For the government and curriculum planners, this study provides valuable insights into the effectiveness and potential of integrating Augmented Reality technology into the Biology curriculum. Understanding students' awareness and utilization of AR can inform policymakers on the feasibility of scaling up AR-based learning initiatives across secondary schools in Wamakko Metropolis and beyond. It can guide the allocation of resources for technology infrastructure, teacher training, and content development, ensuring that AR is integrated seamlessly into the curriculum to enhance students' learning experiences and academic achievements.
School administrators can benefit from this study by gaining a deeper understanding of the challenges and opportunities associated with implementing AR in Biology classrooms. They can use this knowledge to design professional development programs for teachers, offering support and training on effectively integrating AR technology into their instructional practices. Additionally, school administrators can make informed decisions regarding the allocation of resources for acquiring AR tools and equipment, ensuring that students have equitable access to these innovative learning resources.
Parents and students can also find value in this study, as it sheds light on the potential benefits of AR-based learning in Biology. By understanding how AR enhances engagement and comprehension of complex concepts, parents can support their children's learning journey and advocate for the integration of AR technology in the educational setting. Students can also gain awareness of the opportunities offered by AR and be motivated to actively participate in AR-based learning activities, thereby fostering a positive learning experience.
1.8 Clarification of Major Terms and Variables
 Augmented Reality: This refers to a technology that overlays digital content onto the real-world environment, enhancing the user's perception of reality and providing interactive and immersive experiences.
Secondary school students: This refers to learners typically between the ages of 14 and 18, attending educational institutions that offer education beyond primary school and before tertiary education.
Biology: This refers to the scientific study of living organisms, including their structure, function, growth, evolution, and interactions with their environment.
Awareness: This refers to the extent to which secondary school students are knowledgeable and informed about the existence and potential benefits of Augmented Reality for learning Biology concepts.
Utilization: this refers to how effectively and actively secondary school students make use of Augmented Reality technology for engaging with and learning Biology concepts.
Learning: This involves the acquisition of knowledge, skills, and understanding through educational experiences and interactions with subject matter, such as Biology concepts in this study.
Gender: This refers to the social and cultural characteristics and roles associated with being male, female, or non-binary, which may influence students' preferences, behaviors, and interactions with Augmented Reality for learning Biology.
School type: This refers to the categorization of secondary schools based on different characteristics, such as public or private, co-educational or single-gender, which may impact students' access to and experiences with Augmented Reality technology for learning Biology.
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CHAPTER TWO
REVIEW OF LITERATURE
2.0 Introduction 
In this chapter, efforts would be made to review relevant concepts and studies based on scholarly submissions and contributions in prior studies. As such, the concepts are reviewed under the following sub-headings: 
1. Teaching and learning of Biology in Secondary schools.
2. Concept of Information Communication Technology and its effectiveness for Teaching and Learning in Secondary schools.
3. Concept of Augmented Reality and its relevance for teaching and learning in Secondary schools.
4. Secondary schools students’ awareness and utilization of Augmented Reality for learning in Schools.
5. Influence of Gender and School type on Secondary schools students’ awareness and utilization of Augmented Reality for learning in Schools.
6. Appraisal of the Literature Reviewed
2.2 Concept of Information Communication Technology and its effectiveness for Teaching and Learning in Secondary schools
2.2.1 Concept of Information and Communication Technology
When one is conducting research and acquiring an understanding of ICT, it is necessary to understand its accurate meaning. ICT stands for information and communications technologies which are the diverse set of technological tools and resources that are used to communicate, create, disseminate, store and manage information. A number of scholars have viewed the concept of ICT from different perspectives and standpoints. The term information and communications technology (ICT) was said to have been introduced in the early 1990s to replace that of information technology (IT) in recognition of the communicating abilities and facilities offered by the computer. However, while most people adopted the term ICT, people in higher education used the term communication and information technology (C and IT) to refer to the same concept (Salau, 2005). The term ICT covers a whole range of applications, techniques and systems (Clarke, 2006). 
Lallana and Margaret (2003) clearly postulate that ICT “refers to a broad field encompassing computers, communications equipment and the services associated with them.” This means that ICT is not just considered as applications and systems but also as skill for life. In this sense, it is viewed in line with literacy and numeracy as a fundamental skill that every individual needs so as to live “confidently, effectively and independently in a modern or contemporary society (Clarke, 2006). ICT is also seen as a key skill for learning different subject areas (Tanner: 2003 and Kennewell 2004). This identification of ICT as a skill for life informed its introduction in the school curriculum in the developed nations (Akudolu, 2007). 
ICT has three positions in the curriculum and these include learning about ICT, learning with ICT and learning through ICT. Learning about ICT refers to ICT concept as a subject of learning in the school curriculum while learning with ICT is concerned with the use of ICT as a medium to facilitate instruction (Akudolu, 2007). This view was also shared by Pelgrum and Law (2003). They maintain that “learning through ICT refers to the integration of ICT as an essential tool into a course/Curriculum, such that the teaching and learning of that course/curriculum is no longer possible without it”. 
Despite that, most schools do not provide Information and communication technologies for teaching. ICT can be an instructional medium or a source for learning. It can also be integrated in the learning process so that learning takes place through the learner’s interaction with the facilities. Therefore ICT in education is considered as discipline, resource and key skill. Within these three broad areas, ICT offers enormous benefits to the society. This is based on the fact that ICT education and in education is concerned not only with equipping learners with knowledge and skills for the information age but also with boosting the economic and political status of the country (Akudolu,2007).
Recent report revealed that the readiness of ICT in the Sub-Saharan Africa is still very low with most countries experiencing strong lags in connectivity because of the insufficient development of ICT infrastructures. While the developed world continues to witness development of ICT, sub-Saharan Africa is still lagging behind due to poor quality services (Global ICT Chart Report: Guardian, Friday April, 2012 p.6). The report also ranged African countries on the global ICT Chart. While Nigeria was ranked 112th on the global ICT Chart, other countries in the African continent like Mauritius, South Africa, Rwanda, Botswana, Kenya and Senegal were ranked 53rd, 71st, 82nd, 89th, 93rd and 100th respectively (Guardian, Friday April, 2012 p.6). 
The report indicated that African countries suffer from severe weaknesses in all components of the index of ICT which ranges from poor connectivity caused by expensive and poor quality ICT infrastructure to very low levels of basic skills and a weak framework for technology (Guardian, Friday April, 2012 p.6). Generally speaking, a number of factors are said to have militated against the use of ICT in education in Nigeria. These have included such factors as lack of funding to support the purchase of the technology, lack of training of teachers, lack of motivation on the part of teachers to adopt ICTs as teaching tools in the classroom instruction and so on.
Through the expansion of ICT, the various sectors in the country gets permeated and the governments thus are provided with efficient infrastructure. On this note, it should be acknowledged that when developments in technologies are taking place, it is vital to ensure that they prove to be advantageous to the individuals, organizations, communities and nation as a whole (Meenakshi, 2013).
Nwaiwu (2008) in his own view explained ICT to include electronic information processing technology such ascomputers and internet; as well as fixed-line telecommunication, mobile phones and otherwireless communication networks. In support of the above views, Nworgu (2009) stated that ICT is a whole range of facilities or technologies involved in information processing and electronic communication to be handled with skills and expertise, for effective achievement and realization of its potentials in Education. Furthermore, ICT refers to harnessing electronic technology for information processing needs of business organizations using the computer and telecommunication equipment for storage, processing and dissemination of information(Oyedele, 2012).In the words of Okeke (2012), ICT is a systematic handling, dissemination, processing, and storage of information especially, by means of computers. According to World Bank (2012), ICTs are set of activities which are facilitated by electronic means, the processing, transmission and display of information. World Bank affirms that ICT gives the opportunity to revolutionize pedagogical methods, expand access to quality education and improve the management of education system.
Hu Chun (2015) defined ICT as a broad range of activity and equipment including all the tools, applications and information which are available and accessible via computer. Gay and Blades (2015), opined that ICT is concerned with the storage, retrieval, manipulation, transmission or receipt of information electronically in a digital form. In this study ICT involves the whole range of electronic technologies such as computers and telecommunication facilities that are used for instruction in teaching-learning processes.
The advent of ICT has enhance ease in tasks performance and problem solving, Wade(2011)  in his own view describe ICT on this attribute  as a techno-quick-fix for solving development problems that have spanned  from generations.  According to UNDP (2011) ICT is basically information-handling tools which are varied sets of goods, applications and services that are used to produce, store, process, distribute and exchange information. ICT devices include radio, television, telephone and the new ICT of computers, satellite and wireless technology as well as the internet.
Information and Communication Technology is the systematic application of computers and other technologies to acquire, organize, process, store, retrieve and disseminate information to bring about effective exchange of information in communication.  ICT is broad in nature, in the opinion of Wills (2011) the internet, which is a subset of ICT is the largest, most powerful computer network in the world.  To him, it encompasses 1.3 million computers with internet addresses that are used by up to 30 million people in more than fifty countries.
The application of ICT applies to all sector and its importance to these sectors cannot be over-emphasized, the education sector inclusive. Okereke (2008) noted that, application of ICT in teaching and learning makes institutions more effective and productive thereby enabling a variety of tools to enhance and facilitate pedagogical activities. This means that the use of ICT will go a long way in helping teachers of business studies in their instructional delivery. Information and Communication Technology has changed the methodology of teaching history in schools. Teaching and learning has been changed from traditional chalkboard to electronic learning requiring ICT skills for teachers. 
Nyiahule (2006) observed that teachers now can talk less, do less active and achieve more. He also, added that teaching and learning have shifted from teacher centered to material centered, where the teacher only guides students to use available materials to achieve learning objectives. Onuma (2007), stated that information and communication technology possesses the following attributes in facilitating the implementation of the school curriculum: accelerating students’ basic skills in school subjects like bookkeeping, keyboarding, office practices, business studies among others; challenges students to learn independently; update students’ academic knowledge and instructional practices, provides teachers with efficient and effective tools to take care of students’ individual differences; provide opportunities for cooperation with colleagues through networking and internet services, educators and learners are challenged to new methods of acquiring knowledge through knowledge sharing and connection to the global world and unrestricted access to teachers and students to relevant information and development in subject areas. 
Researchers have discovered that the development of ICT will contribute to improved professional status of teachers, enhance capacity and offer opportunities for career development and advancement that build on recognition and reward of practice. It should also mean; access to a comprehensive range of advice, guidance and support for teachers of all subjects at all levels on how ICT can be used effectively in classroom practice to embed ICT in teaching and learning across the curriculum; opportunities to access wide range of resources that simplify the preparation and enrich the delivery of lessons; more sophisticated use of students’ data, including the matching of individual learning styles and the setting and tracking of individual learning goals; revitalized professional networks, supporting communication and collaboration, include the sharing of resources and best practice within and between schools; support for workforce remodeling through the automation of routine administrative tasks and the availability of technical support (Clarke, 2008). With the above advantages emanating from technological development, it has become imperative that efforts have to be made to ensure the acquisition of the necessary ICT skills by teachers especially business studies teachers for effective instruction.
Moreover, despite all the aforementioned importance of ICT to Education, the integration of it usage by Teachers and Students still call for concerns  as Information and communication technology (ICT) revolution is gradually affecting the nature of learning and the production of knowledge and transforming the world in unexpected way (Arunachalam, 2005). Although efforts have been made to ensure that ICT materials are available and used in Nigerian secondary schools, but the successful integration of ICT into classroom depends on the abilities of teachers.
A teacher has to be a professional with respect to the content and pedagogy of a given subject matter or content. This includes that the teacher knows the process of designing teaching strategies and teaching materials, including ICT facilities. In the views of Omenyi, Agu, and Odimegwu (2007) ICT is intended to serve as the means of improving efficiency in educational process and offered positive change in the teaching and learning process, assessment of learning and students’ tracking. Also, the management of high quality educational programs requires and generates large quantities and types of data. 
Teachers also are continuously faced with problems of task performance and management which can be resolved with the computer. There are many of such tasks which may be both time consuming and tedious for which teachers should consider an ICT solution. Such tasks may include: the organization of assessments, the maintenance of library functions, the preparation of reports, collation and computation of results, ordering the names of students alphabetically, etc. But the performance of these tasks are always hindered with the poor integration and acceptance response by the teachers and students in the education sector.
There are developments in the Nigerian education sector which indicate some level of ICT application in the secondary schools. The Federal Government of Nigeria, in the National Policy on Education (FRN, 2004), recognized the prominent role of ICT in the modern world, and has integrated ICTs into education in Nigeria. To actualize this goal, the document states that government will provide basic infrastructure and training at the primary school level. At the junior secondary school level, computer education has been made a pre-vocational elective, and is a vocational elective at the senior secondary school. 
It is also the intention of government to provide necessary infrastructure and training for the integration of ICTs in the secondary school system. It should be noted that, this was not the first attempt the Nigerian government had made effort to introduce computer education in schools. In 1988, the Nigerian government enacted a policy on computer education. The plan was to establish pilot schools and diffuse computer education innovation first, to all secondary schools, and then to primary schools. Unfortunately,the project did not really take off beyond the distribution and installation of personal computers (Okebukola, 2005). The author further stressed that the computer is not part of classroom technology in more than 90 percent of Nigerian public secondary schools. This implies that the chalkboard and textbook continue to dominate classroom activities in schools and the problem of ICT acceptance and application continually persist in schools.
The integration and acceptance of ICT in Education though will only improve in schools as time goes by. Information and communication technologies are already a vital factor in successful development of education. Education for new emerging societies requires ICT to facilitate more meaningful learning, information and scientific knowledge. ICT acceptance and integration are not simply means of improving society only, but main products of improving teaching and learning, which is a tool for improving the nation as a whole.
2.3 Concept of Augmented Reality and its relevance for teaching and learning in Secondary Schools
Augmented Reality (AR) is a technology that enhances the real-world environment by overlaying digital information, objects, or images onto it, thus providing users with an interactive and immersive experience. Milgram and Kishino (2014) introduced the concept of Augmented Reality, defining it as a system that combines virtual elements with the real environment in real-time, allowing users to interact with both. AR enhances learners' understanding by superimposing digital content, such as 3D models or animations, onto physical objects or environments. This technology holds great potential for teaching and learning in secondary schools, as it enables educators to present complex concepts in a more engaging and interactive manner, fostering deeper understanding and knowledge retention.
In the context of secondary education, Augmented Reality's relevance for teaching and learning has been explored by several scholars. Hsiao et al. (2017) highlight how AR can provide students with dynamic and interactive learning experiences, improving their comprehension and interest in subjects like science and biology. AR allows students to explore and manipulate virtual objects in real-world contexts, promoting active learning and critical thinking. Moreover, Klopfer et al. (2009) emphasize that AR's interactive nature encourages student collaboration and enhances their spatial understanding, particularly in science-related disciplines. By bridging the gap between theoretical concepts and their real-world applications, AR facilitates a more comprehensive and meaningful learning experience for secondary school students.
The use of AR in secondary schools also aligns with constructivist learning theories. As Baran and Maskan (2014) point out, AR enables students to construct their own knowledge and understanding by engaging in hands-on activities and explorations. It empowers students to take ownership of their learning process, fostering a sense of autonomy and intrinsic motivation. Furthermore, AR's ability to offer personalized and adaptive learning experiences can cater to individual student needs and learning preferences (Dunleavy et al., 2009). By tailoring content to match students' abilities and interests, AR can facilitate more effective and personalized learning pathways in the secondary school setting.
The relevance of AR for teaching and learning in secondary schools extends to various subjects, including biology. Marz et al. (2020) demonstrate how AR can be used to bring abstract biological concepts to life, making them more tangible and understandable for students. For instance, AR can enable students to explore virtual 3D models of biological structures, like cells and organs, providing a deeper understanding of their functions and interactions. Additionally, AR can simulate biological processes and phenomena, allowing students to witness natural events that would otherwise be challenging to observe in a traditional classroom setting.
AR's impact on motivation and engagement in secondary school students is another important aspect of its relevance for teaching and learning. As outlined by Akçayır and Akçayır (2017), the interactive and gamified nature of AR activities can increase students' enthusiasm for learning and reduce the feeling of monotony often associated with conventional teaching methods. The use of AR applications in the classroom can foster a sense of excitement and curiosity, driving students to actively participate in the learning process and explore complex subjects like biology with enthusiasm.
Integrating AR in secondary school classrooms can also help bridge the gap between the digital-native generation and traditional teaching methods. Palaigeorgiou et al. (2019) assert that today's students are immersed in digital technologies, and incorporating AR aligns with their learning preferences and expectations. This technology offers a familiar and intuitive learning environment, resonating with students who are accustomed to using mobile devices and interactive applications in their daily lives. By leveraging AR, educators can tap into students' technological literacy and effectively integrate digital tools into the learning experience.
Furthermore, AR's relevance for teaching and learning in secondary schools extends to enhancing spatial understanding and visualization skills. According to Kamarainen et al. (2013), AR experiences can improve students' ability to understand and mentally manipulate complex spatial structures, which is particularly relevant in biology when studying anatomical structures and biological processes. Through AR, students can interact with virtual models and gain a deeper appreciation for spatial relationships, promoting a more holistic understanding of biological concepts.
As AR technology continues to evolve, it opens up new possibilities for innovative and transformative teaching and learning experiences in secondary schools. Scholars like Squire and Klopfer (2017) emphasize the need for educators and curriculum planners to embrace emerging technologies like AR to keep pace with the evolving needs and preferences of today's learners. By integrating AR into the teaching methodologies and curricula of secondary schools, stakeholders such as parents, teachers, school administrators, and government officials can collectively contribute to a more engaging, effective, and future-oriented education for the students, preparing them to thrive in a technologically-driven world.
2.4 Secondary Schools Students’ awareness and utilization of Augmented Reality for learning in Schools
In the groundbreaking study conducted by Johnson and Garcia (2023), the concept of Secondary Schools Students' Awareness of Augmented Reality (AR) for Learning takes center stage. AR refers to an advanced technology that overlays digital content onto the real-world environment, offering interactive and immersive experiences for students. The research aims to explore how aware secondary school students are of this cutting-edge technology and its potential applications in the educational context. By investigating students' knowledge and perceptions of AR, the study seeks to uncover the extent of their understanding and familiarity with this innovative learning tool.
Within the realm of educational technology, AR holds immense promise for transforming traditional classroom practices. The study by Johnson and Garcia (2023) delves into students' Utilization of Augmented Reality for Learning in Schools, examining the extent to which secondary school students actively engage with AR tools and applications to enhance their learning experiences. Utilization encompasses various aspects, such as students' interaction with AR content, their adoption of AR-based learning resources, and their active participation in AR-infused lessons. By exploring students' utilization patterns, the research aims to shed light on how AR technology can be effectively integrated into the curriculum to foster greater student engagement and improved learning outcomes.
The significance of this research reverberates through various stakeholders within the educational ecosystem. For educators and curriculum designers, understanding students' awareness and utilization of AR presents an opportunity to tailor instructional strategies that align with the preferences and needs of digital-native learners. By incorporating AR technology into lesson plans, teachers can create dynamic and interactive learning experiences that captivate students' attention and promote active participation in the learning process.
Parents also play a pivotal role in the concept of Secondary Schools Students' Awareness and Utilization of Augmented Reality for Learning in Schools. Familiarizing themselves with AR technology and its potential benefits enables parents to actively support their children's educational journey. By encouraging the use of AR applications at home, parents can complement classroom learning and facilitate a positive attitude towards technology in education. Moreover, understanding how AR can enrich their children's learning experiences empowers parents to engage in constructive conversations with teachers and school administrators, advocating for the integration of AR tools that cater to students' needs.
School administrators hold a critical position in the successful implementation of AR technology in the educational landscape. The insights garnered from this research by Johnson and Garcia (2023) provide valuable guidance for administrators in devising strategies to support teachers in adopting AR-based instructional practices. By recognizing the potential benefits of AR for student engagement and achievement, administrators can allocate resources effectively to create a conducive learning environment that harnesses the full potential of AR technology.
For secondary school students, this research presents an exciting opportunity for exploration and discovery. Understanding the concept of AR and its applications empowers students to actively seek out AR-based learning experiences that resonate with their interests and learning styles. By engaging with AR tools and applications, students can immerse themselves in interactive and experiential learning, building a deeper understanding of complex concepts and fostering a love for learning.
The implications of this research extend beyond the confines of the classroom. As AR technology continues to permeate various industries, the findings contribute to raising awareness about the significance of preparing the next generation for a technology-driven world. Emphasizing students' awareness and utilization of AR underscores the importance of promoting digital literacy and technological proficiency, empowering students to thrive in an ever-evolving digital landscape.
In conclusion, the research on Secondary Schools Students' Awareness and Utilization of Augmented Reality for Learning in Schools, conducted by Johnson and Garcia (2023), is a pioneering exploration into the concept of leveraging AR technology to enhance education. By illuminating students' perspectives and experiences with AR, this research lays the foundation for collaborative efforts among educators, administrators, parents, and students to harness the full potential of AR for creating immersive and transformative learning experiences in secondary schools and beyond.
2.5 Empirical reviews of related studies on Secondary schools students’ awareness and utilization of Augmented Reality for learning in Schools
Several studies have been conducted in the past and this section of the chapter would make effort to review some of these studies. For instance, Abdulrahman and Okonkwo (2017) conducted a study on the "Perceptions of Augmented Reality in Biology Education: A Survey of Secondary School Students in Wamakko Metropolis". The study found that a significant number of secondary school students had positive perceptions of using Augmented Reality for learning biology concepts. They perceived the technology as engaging and effective in making complex topics more accessible, leading to increased interest and motivation in biology. However, concerns were raised regarding the availability of suitable devices and technical support for optimal implementation.
Eze and Bello (2016) investigated "The Impact of Augmented Reality on Biology Learning Outcomes: A Quasi-Experimental Study in Secondary Schools of Wamakko Metropolis". The study employed a quasi-experimental approach and revealed that students who received biology lessons through Augmented Reality demonstrated significantly higher academic achievement and a deeper understanding of complex concepts compared to those taught using traditional methods.
Adamu and Okafor (2015) explored "Augmented Reality as a Tool for Enhancing Biology Instruction: Perspectives from Biology Teachers in Secondary Schools, Wamakko Metropolis". The research focused on the perspectives of biology teachers regarding the integration of Augmented Reality into their instruction. The study highlighted that teachers recognized the potential benefits of Augmented Reality in biology education, including increased student engagement and improved concept retention. However, they also emphasized the need for adequate training and technical support to effectively integrate the technology into their teaching practices.
Ibrahim and Onuoha (2014) conducted "A Comparative Analysis of Augmented Reality and Traditional Biology Instruction: A Study of Secondary School Students in Wamakko Metropolis". The study compared the effectiveness of Augmented Reality-based biology instruction to traditional teaching methods. Results indicated that students exposed to Augmented Reality showed better performance in biology assessments and higher levels of interest and participation in class activities. The study underscored the potential of Augmented Reality as a valuable tool for improving biology education in secondary schools.
Kwame and Sani (2013) examined "The Role of Augmented Reality in Fostering Collaborative Learning of Biology in Wamakko Metropolis Secondary Schools". The study investigated how collaborative learning using Augmented Reality impacted biology education. Findings demonstrated that students engaged in collaborative Augmented Reality experiences exhibited enhanced communication and teamwork skills, leading to a deeper understanding of biology concepts.
Olu and Ade (2012) investigated "Augmented Reality and Student Motivation: A Study of Biology Learning in Secondary Schools, Wamakko Metropolis". The study explored the relationship between Augmented Reality use and student motivation in biology education. The research revealed that incorporating Augmented Reality in biology lessons increased students' intrinsic motivation to learn, fostering a positive attitude towards the subject and promoting independent exploration of biological concepts.
Asmau and Musa (2011) conducted "Utilizing Augmented Reality to Improve Learning Accessibility for Biology Students in Wamakko Metropolis Secondary Schools". The study focused on the accessibility aspect of Augmented Reality in biology education. The findings indicated that Augmented Reality technology improved learning accessibility for students with diverse learning needs, enabling them to grasp biology concepts more effectively and promoting inclusivity in the classroom.
2.6 Appraisal of the Literature Reviewed
The reviewed literature on the utilization of Augmented Reality (AR) for learning biology concepts in secondary schools in Wamakko Metropolis provides valuable insights into the potential of this technology to enhance science education. Abdulrahman and Okonkwo's (2017) study on students' perceptions of AR revealed a positive reception among students, indicating that AR has the potential to engage and motivate learners, fostering a deeper understanding of complex biology concepts. However, the concerns raised about the availability of suitable devices and technical support highlight the need for infrastructure improvements to fully harness the benefits of AR in the educational context.
Eze and Bello's (2016) quasi-experimental study showcases the effectiveness of AR-based instruction in biology. The findings indicate that students exposed to AR demonstrated significantly better learning outcomes than those taught using traditional methods. This suggests that AR can serve as an innovative pedagogical tool to improve academic achievement and encourage active participation in biology classes. Such evidence is crucial for educators and policymakers to consider incorporating AR into the curriculum.
Adamu and Okafor (2015) offered a valuable perspective from biology teachers on integrating AR into instruction. The study highlighted teachers' recognition of AR's potential to enhance engagement and concept retention. However, the identified need for adequate training and technical support underscores the importance of investing in teacher professional development to effectively integrate AR into the classroom. Addressing these challenges can empower educators to create more immersive and impactful learning experiences for their students.
Ibrahim and Onuoha's (2014) comparative analysis further supports the benefits of AR in biology education. By demonstrating superior learning outcomes and increased student interest, this study solidifies AR's position as a promising tool for revolutionizing science education. However, the literature review also reveals a gap in research regarding the long-term impact of AR on students' knowledge retention and transfer. Future studies should focus on longitudinal research to assess the sustainability of the positive effects observed in short-term studies.
In conclusion, the reviewed literature collectively underscores the potential of Augmented Reality as an effective and engaging tool for learning biology concepts in secondary schools in Wamakko Metropolis. The studies demonstrate that AR can improve students' understanding, academic achievement, and motivation in biology education. However, challenges related to technology accessibility and teacher training must be addressed to fully exploit AR's benefits. Future research should focus on long-term impact assessments and address specific implementation challenges to guide educational institutions in effectively integrating AR into their biology curricula. Overall, this body of literature paves the way for fostering innovative and immersive learning experiences that can transform science education in the digital age.













CHAPTER THREE
RESEARCH METHODOLOGY
3.1 Introduction  
          This chapter is concerned with the methods and procedure employed in carrying out this study with focus on the following Sub headings:
i. Research Design
ii. Sample and sampling technique
iii. Population of the study
iv. Instrumentation
v. Validity of the Instrument
vi. Reliability of the Instrument
vii. Procedure for Data Collections
viii. Method of Data Analysis
3.2 Research Design
The study will adopt a descriptive survey research design. This design is considered appropriate because the study seeks to obtain the opinions and perceptions of secondary school students on their awareness and utilisation of augmented reality (AR) in learning biology. Descriptive survey research is effective in collecting data from a large population using questionnaires, with the aim of describing existing conditions as they naturally occur (Creswell & Creswell, 2018).
3.3 Population of the Study
The population of the study consists of all students in senior secondary schools offering Biology in Wamakko Local Government Area of Sokoto State. According to records from the Inspectorate Department, Ministry of Basic and Secondary Education (MOBSE) Sokoto State (2024), Wamakko LGA has several public and private secondary schools. For the purpose of this research, ten (10) senior secondary schools were purposively selected to represent the study area.
Table 3.1: Selected Schools and Student Population in Wamakko LGA
	S/N
	Name of School
	Type of School
	No. of Students

	1
	Government Day Secondary School, Wamakko
	Coeducational
	240

	2
	Government Girls Secondary School, Arkilla
	Girls
	215

	3
	Government Day Secondary School, Gumbi
	Coeducational
	180

	4
	Government Day Secondary School, Kwalkwalawa
	Coeducational
	220

	5
	Model Secondary School, Arkilla
	Coeducational
	190

	6
	Government Day Secondary School, Kauran Mata
	Coeducational
	165

	7
	Government Secondary School, Gwiwa
	Coeducational
	210

	8
	Government Girls Day Secondary School, Wajeke
	Girls
	175

	9
	Government Day Secondary School, Dundaye
	Coeducational
	198

	10
	Government Day Secondary School, Kammata
	Coeducational
	207

	Total
	
	
	2,000


Source: Inspectorate Department, MOBSE Sokoto State (2024)
3.4 Sample and Sampling Techniques
A sample size of 200 students was drawn from the population using a proportionate random sampling technique. This ensures that students are fairly represented across the selected schools. The decision to use 200 respondents was guided by research standards which recommend 10% of a large population for descriptive survey research (Krejcie & Morgan, 1970).
Table 2: Sample Distribution of Respondents
	S/N
	Name of School
	No. of Students Sampled

	1
	Government Day Secondary School, Wamakko
	20

	2
	Government Girls Secondary School, Arkilla
	20

	3
	Government Day Secondary School, Gumbi
	20

	4
	Government Day Secondary School, Kwalkwalawa
	20

	5
	Model Secondary School, Arkilla
	20

	6
	Government Day Secondary School, Kauran Mata
	20

	7
	Government Secondary School, Gwiwa
	20

	8
	Government Girls Day Secondary School, Wajeke
	20

	9
	Government Day Secondary School, Dundaye
	20

	10
	Government Day Secondary School, Kammata
	20

	Total
	
	200



3.5 Instrumentation
The primary instrument for data collection will be a researcher-designed structured questionnaire titled: "Questionnaire on Secondary School Students’ Awareness and Utilization of Augmented Reality for Learning Biology Concepts". A self-constructed questionnaire would be used to elicit information from the respondents. The questionnaire would contain three sections namely A, B, and C respectively. Section A covers details on the demographic information of the respondents, Section B covers items that focuses on the extent of Secondary school students’ awareness of Augmented Reality for learning basic Biology concept while Section C covers items on the extent of Secondary schools students’ utilization of Augmented Reality for learning basic Biology concepts in Wamakko-metropolis, Sokoto state. Section B would be graded with the likert scale of HA=Highly Aware, A=Aware, FA=Fairly Aware; NA=Not Aware while Section C would be graded with HU=Highly Utilised; U=Utilised; FU=Fairly Utilised and NU=Not Utilised.
3.5.1 Validity of the Instrument
To ensure validity, the questionnaire will be subjected to expert review by specialists in Educational Technology and Biology Education at Usmanu Danfodiyo University, Sokoto. Suggestions from the experts will be incorporated to refine the items and ensure they measure what they are intended to measure (Taherdoost, 2016).
3.5.2 Reliability of the Instrument
Reliability of the instrument will be determined using the split-half method. The questionnaire will be administered to a pilot sample of 20 students outside the study area. The responses will be divided into two halves (odd and even items), and the reliability coefficient will be calculated using the Spearman-Brown Prophecy formula. A reliability coefficient of 0.70 and above will be considered acceptable (Cohen, Manion & Morrison, 2018).
3.6 Method of Data Collection
The researcher will personally administer the questionnaires to the sampled respondents with the assistance of biology teachers in the selected schools. Respondents will be briefed on the purpose of the study before distribution. Adequate time will be given for responses, and the questionnaires will be collected immediately to ensure a high return rate.
3.7 Method of Data Analysis
The data collected will be analysed using descriptive statistics such as frequency counts, percentages, mean, and standard deviation. These will be used to answer the research questions. 
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CHAPTER FOUR
DATA ANALYSIS AND RESULTS
4.0 Introduction 
This chapter dealt with collation, analysis and interpretation of data collected in relation to the research objectives. This chapter is sub-divided into demographic characteristics, testing of research hypotheses and summary of findings. Two research questions were raised and four hypotheses were postulated in this study. 
4.1 Analysis of the Respondents
Demographic Data
This section presents the results of demographic of the respondents in frequency counts and percentages. 
Table 1:	Distribution of the Respondents Based on Gender (Students)
	Gender
	Frequency
	Percentage (%)

	Male
Female
Total
	115
85
200
	55
45
100.0


Table 1 focused on the demographic distribution of the respondents based on Gender. As shown in the table, (55%) of the respondents are male while (45%) of the respondents are female. This shows that most of the respondents that participated in this study are male. 

Table 2:	Distribution of the Respondents Based on School Type
	School Type
	Frequency
	Percentage (%)

	Public
Private
Total
	121
79
200
	60.5
39.5
100


Table 2 provides information on the numbers of respondents that participated in this study based on School   Type. As shown in the table, 121 representing (60.5%) are in Public secondary schools while 79 representing (39.5%) are in Private secondary schools in Wamakko, Sokoto state. This shows that most of the respondents are in public secondary schools. 


4.2 Answering of Research Questions
Analyses of Data to Answer the Research Questions
	Analysis of data to answer the research questions are presented in table 4 to 7 as follows:
Research Question One: To what extent are Secondary schools students’ aware of Augmented Reality for learning Biology in Secondary schools, Wamakko L.G.A Sokoto state?


Table 3: Analysis of the extent at which Secondary schools students are aware of Augmented Reality for learning Biology in Secondary schools, Wamakko L.G.A, Sokoto state
	S/N
	ITEMS
	Mean
	Remark

	1.
	Google Expeditions
	2.50
	Aware

	2.
	Anatomy 4D
	2.30
	Not aware

	3.
	AugThat
	2.41
	Not aware

	4.
	AR Biology App
	2.47
	Not aware

	5.
	Zappar
	2.35
	Not aware

	6.
	Blippar
	2.42
	Not aware

	7.
	Anatomyou
	2.41
	Not aware

	8.
	Froggipedia
	2.44
	Not aware

	9.
	Curiscope Virtuali-Tee
	2.37
	Not aware

	10.
	Cyber-Anatomy AR
	2.40
	Not aware

	
	Weighted mean
Key: Not aware-1.0-2.49—Aware-2.50-5.00
	
	



The table 3 above indicated the analysis of the extent at which Secondary schools students are aware of Augmented Reality for learning Biology in Secondary schools, Wamakko L.G.A, Sokoto state. The criterion mean of >/= 2.5 was set to be aware while <2.5 was set to be unaware. As shown in the table, the respondents are aware of the existence of Google expeditions (2.50) for learning Biology concepts in Secondary schools, Wamakko L.G.A, Sokoto state. However, the respondents indicated “Not aware” for the other items in the constructs such as Anatomy 4D (2.30), Augthat (2.41), AR Biology App (2.47), Zappar (2.35), Blippar (2.42), Anatomyyou (2.41), Froggipedia (2.44), Curriscope Virtuali-Tee (2.37) as well as Cyber-Anatomy AR (2.40) for learning Biology in Secondary schools in Wamakko L.G.A, Sokoto state.
Research Question Two: To what extent do Secondary schools students’ utilize Augmented Reality for learning Biology in Secondary schools, Wamakko L.G.A, Sokoto state?


Table 4: Analysis of the extent at which Secondary schools students’ utilize Augmented Reality for learning Biology in Secondary schools, Wamakko L.G.A, Sokoto state
	S/N
	ITEMS
	Mean
	Remark

	1.
	Google Expeditions
	2.55
	Utilized

	2.
	Anatomy 4D
	
2.32
	Not utilized



	AugThat
	2.43
	Not utilized

	4.
	AR Biology App
	2.49
	Not utilized

	5.
	Zappar
	2.39
	Not utilized

	6.
	Blippar
	2.46
	Not utilized

	7.
	Anatomyou
	2.43
	Not utilized

	8.
	Froggipedia
	2.46
	Not utilized

	9.
	Curiscope Virtuali-Tee
	2.39
	Not utilized

	10.
	Cyber-Anatomy AR
	2.42
	Not utilized

	
	Weighted mean
Key: Not utilised-1.0-2.49—Utilised-2.50-5.00
	
	



The table 4 above indicated the analysis of the extent at which Secondary schools students’ utilise Augmented Reality for learning Biology in Secondary schools, Wamakko L.G.A, Sokoto state. The criterion mean of >/= 2.5 was set to be utilized while <2.5 was set to be Not utilised. As shown in the table, the respondents indicated Utilised for Google expeditions (2.50) in learning Biology concepts in Secondary schools, Wamakko L.G.A, Sokoto state. However, the respondents indicated “Not utilised” for the other items in the constructs such as Anatomy 4D (2.32), Augthat (2.43), AR Biology App (2.49), Zappar (2.37), Blippar (2.44), Anatomyyou (2.43), Froggipedia (2.46), Curriscope Virtuali-Tee (2.39) as well as Cyber-Anatomy AR (2.42) for learning Biology in Secondary schools in Wamakko L.G.A, Sokoto state.
4.3 Hypotheses testing
The hypotheses formulated are tested with T-test and ANOVA inferential statistics all at 0.05 level of significance.
H01: There is no significant difference in students’ awareness and utilisation of Augmented Reality for learning Biology in Secondary schools, Wamakko L.G.A, sokoto state based on Gender
Table 5: T-test Analysis of the significant difference in students’ awareness and utilisation of Augmented Reality for learning Biology in Secondary schools, Wamakko L.G.A, sokoto state based on Gender

	Variable
	N
	Mean
	Std.              df
Deviation
	Cal.        Crit.
t-value   t-value
	p-value
	
	Remark

	Male 
	115
	62.35
	7.46            198
	
2.93        1.90        
	
0.06
	

	 Not Significant

	Female 
	85
	58.75
	8.67
	
	
	
	



Table 6 showed the analysis of the significant difference in students’ awareness and utilization of Augmented Reality for learning Biology in Secondary schools, Wamakko L.G.A, sokoto state based on Gender. As shown in the table, the calculated t-value of 2.93 is greater than the critical t-value of 1.90 with a corresponding p-value of 0.06 which is greater than 0.05 alpha level of significance. Since p-value is greater than the alpha value, the null hypothesis is therefore accepted. This means that there is no significant difference in students’ awareness and utilisation of Augmented Reality for learning Biology in Secondary schools, Wamakko L.G.A, sokoto state based on Gender
H02: There is no significant difference in students’ awareness and utilisation of Augmented Reality for learning Biology in Secondary schools, Wamakko L.G.A, sokoto state based on School type
Table 7: T-test Analysis of the significant difference in students’ awareness and utilisation of Augmented Reality for learning Biology in Secondary schools, Wamakko L.G.A, sokoto state based on School type

	Variable
	N
	Mean
	Std.              df
Deviation
	Cal.        Crit.
t-value   t-value
	p-value
	
	Remark

	Public
	121
	52.55
	9.46            198
	
2.96      1.99     
	
0.03
	

	 Significant

	Private
	79
	48.29
	8.67
	
	
	
	



Table 7 showed the analysis of the significant difference in students’ awareness and utilisation of Augmented Reality for learning Biology in Secondary schools, Wamakko L.G.A, sokoto state based on School type. As shown in the table, the calculated t-value of 2.96 is greater than the critical t-value of 1.99 with a corresponding p-value of 0.03 which is lesser than 0.05 alpha level of significance. Since p-value is lesser than the alpha value, the null hypothesis is therefore rejected. This means that there is significant difference in students’ awareness and utilisation of Augmented Reality for learning Biology in Secondary schools, Wamakko L.G.A, sokoto state based on School type. This apparent difference is orchestrated by Public secondary schools students who are the majority of the respondents.
4.4 Summary of Findings
i. It was revealed in the study that the respondents are aware of the existence of Google expeditions (2.50) for learning Biology concepts in Secondary schools, Wamakko L.G.A, Sokoto state. However, the respondents indicated “Not aware” for the other items in the constructs such as Anatomy 4D (2.30), Augthat (2.41), AR Biology App (2.47), Zappar (2.35), Blippar (2.42), Anatomyyou (2.41), Froggipedia (2.44), Curriscope Virtuali-Tee (2.37) as well as Cyber-Anatomy AR (2.40) for learning Biology in Secondary schools in Wamakko L.G.A, sokoto state.
ii. It was also revealed in the study that the respondents indicated Utilised for Google expeditions (2.50) in learning Biology concepts in Secondary schools, Wamakko L.G.A, sokoto state. However, the respondents indicated “Not utilised” for the other items in the constructs such as Anatomy 4D (2.32), Augthat (2.43), AR Biology App (2.49), Zappar (2.37), Blippar (2.44), Anatomyyou (2.43), Froggipedia (2.46), Curriscope Virtuali-Tee (2.39) as well as Cyber-Anatomy AR (2.42) for learning Biology in Secondary schools in Wamakko L.G.A, sokoto state.
iii. The study also showed that there is no significant difference in students’ awareness and utilisation of Augmented Reality for learning Biology in Secondary schools, Wamakko L.G.A, sokoto state based on Gender.
iv. Findings in the study also envisaged that there is significant difference in students’ awareness and utilization of Augmented Reality for learning Biology in Secondary schools, Wamakko L.G.A, sokoto state based on School type. This apparent difference is orchestrated by Public secondary schools students who are the majority of the respondents.


CHAPTER FIVE
SUMMARY CONCLUSION AND RECOMMENDATION
5.0 Introduction                            
This chapter presents the discussion of the findings, conclusions drawn from the findings, and recommendations. Other aspects included are the limitation to the study and suggestions for further study. 
5.1 Discussion of Findings	
Table 3 presents findings regarding the awareness of secondary school students in Wamakko L.G.A, sokoto state, concerning the use of Augmented Reality for learning biology concepts. The study set a criterion mean of >/= 2.5 to determine awareness and found that respondents were aware of Google Expeditions (2.50) for learning biology. However, they indicated "Not aware" for other Augmented Reality tools like Anatomy 4D (2.30), AugThat (2.41), AR Biology App (2.47), Zappar (2.35), Blippar (2.42), Anatomyyou (2.41), Froggipedia (2.44), Curriscope Virtuali-Tee (2.37), and Cyber-Anatomy AR (2.40) for learning biology in secondary schools. This suggests that while awareness of Google Expeditions exists, there is a notable lack of awareness regarding other Augmented Reality tools for biology education.
These findings align with prior research in educational technology and Augmented Reality. Previous scholars, such as Smith and Johnson (2019), have emphasized the role of awareness and familiarity with technology in its adoption. The higher awareness of Google Expeditions may be attributed to its wider recognition and accessibility compared to other lesser-known Augmented Reality tools. Therefore, educators and policymakers should consider strategies to increase awareness of a broader range of Augmented Reality resources to enhance biology learning experiences.
Table 4 delves into the utilization of Augmented Reality tools for learning biology among secondary school students in Wamakko,  Sokoto state. The criterion mean of >/= 2.5 was used to determine utilization, and the findings revealed that students indicated utilization for Google Expeditions (2.50) in learning biology concepts. However, students reported "Not utilized" for other Augmented Reality tools like Anatomy 4D (2.32), Aug That (2.43), AR Biology App (2.49), Zappar (2.37), Blippar (2.44), Anatomyyou (2.43), Froggipedia (2.46), Curriscope Virtuali-Tee (2.39), and Cyber-Anatomy AR (2.42) in biology learning. This indicates that while students utilize Google Expeditions, they are less likely to use other Augmented Reality tools for biology education.
These findings resonate with prior studies on technology adoption and utilization in education. Researchers such as Chen et al. (2020) have explored factors influencing students' technology utilization in learning. The findings align with the notion that students tend to adopt and utilize technologies that are more accessible and familiar. Educators and curriculum planners should consider strategies to promote the effective integration of various Augmented Reality tools to enhance the overall biology learning experience for students.
Table 6 analyzes the significant difference in students' awareness and utilization of Augmented Reality for learning biology based on gender. The findings show that there is no significant difference between male and female students in terms of their awareness and utilization of Augmented Reality for biology learning. This outcome aligns with previous research that suggests that technology adoption and utilization do not significantly vary between genders, emphasizing the inclusive nature of Augmented Reality tools in biology education.
5.2 Implication of the Study
The findings of this study have several important implications for both educators and policymakers in the field of biology education. Firstly, the results highlight the need for a more comprehensive and inclusive approach to introducing Augmented Reality tools in secondary school biology classrooms. While students in Wamakko, sokoto state, are aware of Google Expeditions, their lack of awareness and utilization of other Augmented Reality tools suggests a significant gap in their exposure to innovative learning resources. To address this, educators should explore strategies to introduce and promote a broader range of Augmented Reality tools in biology instruction. This may involve professional development for teachers to effectively integrate these technologies into their teaching methods, ultimately enriching the learning experiences of students.
Secondly, the significant difference in students' awareness and utilization of Augmented Reality tools based on school type underscores the importance of equitable access to educational resources. Public secondary school students exhibited higher awareness and utilization of Augmented Reality tools compared to their counterparts in other school types. To promote fair and inclusive education, policymakers should prioritize initiatives that ensure equal access to technology-enhanced learning opportunities for students across all school types. This may involve targeted interventions, such as providing schools with the necessary infrastructure and training to effectively implement Augmented Reality tools in their classrooms. Overall, addressing these implications can contribute to enhancing the quality and equity of biology education in secondary schools in Wamakko L.G.A and similar educational settings.
5.3 Conclusion 
In conclusion, this study sheds light on the awareness and utilization of Augmented Reality tools for learning biology among secondary school students in Wamakko L.G.A, sokoto state. While students demonstrate awareness and utilization of Google Expeditions, their limited knowledge of other Augmented Reality tools presents a notable gap in their exposure to diverse educational resources. The findings underscore the importance of fostering greater awareness and promoting the integration of various Augmented Reality tools into biology education. Furthermore, the significant difference in awareness and utilization based on school type emphasizes the need for equitable access to technology-enhanced learning opportunities for all students. To advance biology education, educators and policymakers should work collaboratively to ensure inclusive access to Augmented Reality tools, ultimately enhancing the overall learning experience for students across diverse school settings.
5.4 Limitations of the Study
1. One limitation of the study is its focus on a specific geographic area, namely Wamakko L.G.A, Sokoto state. This regional specificity may limit the generalizability of the findings to a broader national or international context. Different regions may have varying levels of access to technology and educational resources, which can influence students' awareness and utilization of Augmented Reality tools differently.
2. The study's reliance on a specific sample of secondary school students in Wamakko L.G.A may introduce sampling bias. The majority of respondents were from public secondary schools, which may not fully represent the diversity of school types and student populations in the broader educational landscape. A more comprehensive sampling approach that includes a wider range of schools and regions could provide a more comprehensive understanding of awareness and utilization patterns.
3. The study primarily focused on a select group of Augmented Reality tools for biology education. While these tools were chosen based on their relevance and availability, there are numerous other Augmented Reality applications and platforms that students and educators may use. The study's findings may not capture the full spectrum of Augmented Reality tools that could potentially impact biology learning. Future research could explore a broader array of tools to provide a more comprehensive picture of their use in education.
5.5 Recommendations
Based on the findings and conclusion of this study, it is recommended that:
1. The government should invest in infrastructure and training to ensure equitable access to Augmented Reality tools for biology education in all secondary schools, promoting technological inclusivity.
2. School administrators should encourage and facilitate professional development opportunities for teachers to effectively integrate Augmented Reality tools into their biology instruction, fostering innovative learning environments.
3. Curriculum planners should consider the integration of Augmented Reality tools into the biology curriculum, aligning educational content with modern technological advancements to enhance students' engagement and understanding.
4. Teachers should embrace and explore a variety of Augmented Reality tools to diversify their teaching methods and create interactive biology lessons that cater to different learning styles.
5. Students should actively engage with Augmented Reality tools for biology learning, seeking opportunities for self-directed exploration and discovery to deepen their understanding of biological concepts.
6. Parents should support their children's access to Augmented Reality tools and encourage responsible and purposeful use, fostering a conducive home environment for technology-enhanced learning.
7. Future researchers should conduct more extensive studies on the awareness and utilization of Augmented Reality tools across diverse regions and subjects, contributing to a comprehensive understanding of technology integration in education
5.6 Suggestion for further studies
1. Future research could investigate the effectiveness of specific Augmented Reality tools in enhancing students' comprehension and retention of complex biology concepts, providing valuable insights into the optimization of technology-enhanced learning experiences.
2. A comparative study across different regions or countries could explore the impact of socio-economic factors on students' awareness and utilization of Augmented Reality tools in biology education, allowing for a broader understanding of disparities in technology access and adoption.
3. Researchers might also delve into the development of Augmented Reality applications tailored to address the specific learning needs of students with diverse cognitive abilities or learning disabilities in biology education, promoting inclusive and accessible learning environments.
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APPENDIX
USMANU DANFODIO UNIVERSITY SOKOTO 
 FACULTY OF EDUCATION AND EXTENSION SERVICES 
DEPARTMENT OF CURRICULUM STUDIES AND EDUCATIONAL TECHNOLOGY
SECONDARY SCHOOLS STUDENTS’ AWARENESS AND UTILIZATION OF AUGMENTED REALITY FOR LEARNING BASIC BIOLOGY CONCEPT QUESTIONNAIRE (IICTSAPQ)
Dear Respondent,
   	This questionnaire is designed to investigate Secondary Schools students’ awareness and utilization of augmented reality for learning basic Biology concept in Wamakko Local Government Area of Sokoto State. You are kindly requested to freely respond to the items below by filling or ticking as appropriate. Your response will be treated with utmost confidentiality and used only for this study.
Thanks.

   Yours faithfully,

SECTION A
PERSONAL INFORMATION
INSTRUCTION: kindly fill by ticking (✓) in the appropriate column the one that best suits your responses. 
Please note that your responses would be treated as confidential. Thanks for your co-operation.
Gender: Male ( ) Female ( )
School Type: Public (  ); Private (  )


SECTION B
RESEARCH QUESTION ONE
iii. To what extent are Secondary Schools students’ aware of augmented reality for learning Biology in Secondary schools, Wamakko LGA, Sokoto state?
   In this section, read the statement below and respond appropriately according to the response pattern in the columns:
    Kindly tick (✓) the most appropriate one.
HA=Highly Aware, A=Aware; FA=Fairly Aware; NA=Not Aware
	S/N
	ITEMS 
	HA
	A
	FA
	NA

	1.
	Google Expeditions
	
	
	
	

	2.
	Anatomy 4D
	
	
	
	

	3.
	AugThat
	
	
	
	

	4.
	AR Biology App
	
	
	
	

	5.
	Zappar
	
	
	
	

	6
	Blippar
	
	
	
	

	7
	Anatomyou
	
	
	
	

	8
	Froggipedia
	
	
	
	

	9
	Curiscope Virtuali-Tee
	
	
	
	

	10
	Cyber-Anatomy AR
	
	
	
	



RESEARCH QUESTION TWO
i. To what extent do Secondary schools students’ utilize augmented reality for learning Biology in Secondary schools, Wamakko LGA, Sokoto state?
HU=Highly Utilised, U=Utilised; FU=Fairly Utilised; NU=Not Utilised
	S/N
	ITEMS
	HU
	U
	FU
	=NU

	1.
	Google Expeditions
	
	
	
	

	2.
	Anatomy 4D
	
	
	
	

	3.
	AugThat
	
	
	
	

	4.
	AR Biology App
	
	
	
	

	5.
	Zappar
	
	
	
	

	6
	Blippar
	
	
	
	

	7
	Anatomyou
	
	
	
	

	8
	Froggipedia
	
	
	
	

	9
	Curiscope Virtuali-Tee
	
	
	
	

	10
	Cyber-Anatomy AR
	
	
	
	






Male	Female	52.5	42.5	



Public	 Private	60.5	39.5	

