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PREFACE

Science, Technology, Engineering and Mathematics (STEM) and Technical and Vocational Education
and Training (TVET) are very relevant in the 21st-century education. 21st-century education is about
giving students the skills they need to succeed in this new world and helping them develop the
confidence to practice those skills. The 21st-century skills focus more on making sense of that
information, sharing and using it in smart ways. A focus on STEM and TVET could help in equipping
students for life and work in the 21st Century.

STEM and TVET are considered critical as they tend to removes boarder between the disciplines by
making the students to comprehend the world as a whole rather than in parts. STEM is interdisciplinary
approach to learning where rigorous academic concepts are coupled with real world lessons while
TVET takes individuals into account by providing all kinds of skills (or jobs).

Hence, the theme of this conference is apt and provides opportunities where experts brainstorm so that
international communities can benefit from one another and also respond to emerging trends in STEM
and TVET in the 21% Century. It is worthnoting that, proper implementation of the 21st-century STEM
and TVET issues would have a greater influence on the quality of manpower injected into the labour
market which may determine the economic growth of any nation.

The theme and sub-themes of this conference, "Re- thinking the Future through STEM and TVET for
achieving Sustainable Development Goals"are based on the prevailing circumstances in education
sectors in developing nations. | am sure this conference has provided an avenue for researchers and
educators to share their ideas on the 21st-century emerging trends in STEM and TVET that can enhance
quality education and self-reliance in underdeveloped and developing nations across the world. I hope
the theme and sub-themes meet the needs of the stakeholders in education.

The sub-themes are:

STEM and TVET for Economic Diversification and poverty Reduction
STEM and TVET for Hunger Reduction

STEM and TVET for Sustainable Clean Water and Sanitation

STEM and TVET for Affordable and Clean Energy

STEM and TVET for Improving Industry, Innovation and Infrastructure
STEM and TVET for Achieving Gender Equality

STEM and TVET for Reducing Inequality within and among Countries
STEM and TVET for Quality Education

STEM and TVET for Sustainable Consumption and Production Patterns
I.C. T.in STEM and TVET for Sustainable Development
Communication in STEM and TVET for Sustainable Development
STEM and TVET for Combating Climate Change and it's Impacts
STEM and TVET for Good Health and Well-Being

STEM and TVET for Conserving Life on Land and Below Water

The Local Organizing Committee is thankful to the participants of 2023 conference for their
contributions.
God bless you all.

Prof. 1. Y. Umar
LOC Chairman
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WELCOME ADDRESS PRESENTED BY THE VICE CHANCELLOR, PROFESSOR
FARUK ADAMU KUTA AT THE OPENING CEREMONY OF THE 9™ INTERNATIONAL
CONFERENCE OF THE SCHOOL OF SCIENCE AND TECHNOLOGY EDUCATION
(SSTE), FEDERAL UNVERSITY OF TECHNOLOGY, MINNA, NIGER STATE, NIGERIA
2" - 6'" OCTOBER, 2023

On behalf of the Governing Council, Management, Staff and Students of Federal University of
Technology, Minna, | am pleased to welcome you to the 9" International Conference of the School of
Science and Technology Education of this University. | would like to extend a warm welcome to all the
distinguish speakers at this conference, in particular, the Keynote Speaker, Prof. Padma M. Sarangapani,
Chairperson of the Center for Excellence in Teacher Education, Tata Institute of Social Sciences,
Mumbai, India, and, the Lead Paper presenters, Prof. Hassan Bello, Dean, Faculty of Technology
Education, Abubakar Tafawa Balewa University, Bauchi, Nigeria; Prof. AsfaM. Yasin, Director
Education, KGN School of Excellence, Bhopal, India; Prof. Nobert Jere, Walter Sisulu University,
Eastern Cape, South Africa, and Prof. Rohaida M. Saat, Department of Mathematics and Science
Education, Faculty of Science Education, University of Malaya, Kuala Lumpur, Malaysia. This is an
impressive lineup of speakers! Also, to all participants who have come from far and near, welcome to
this annual Conference which over the years has served as platform for scholars to come together to
share their researches on matters of vital concern to the progress of human society.

This year is not an exception, especially when we take into consideration the theme of the Conference
which is “Re-thinking the Future through STEM and TVET for Achieving Sustainable Development
Goals”. As enunciated by UNESCO, Sustainable Development is expected to “meet the needs of the
present, without compromising the ability of future generations to meet their own needs. Consequently,
this theme is of particular relevance as the world continues to grapple with a variety of challenges that
have to do with economics, social development and the environment.

Sustainable Development Goals (SDGs) encompass 17 concerns which include Economic
diversification and poverty reduction (SDG 1), Zero hunger (SDG 2), Good health and well-being (SDG
3), Quality education (SDG 4), Gender equality (SDG 5), Clean water and sanitation (SDG 6),
Affordable and clean energy (SDG7), Industry, innovation and infrastructure (SDG 9) among others.
You will agree that our collective ability to achieve these laudable goals would make a tremendous
difference to the quality of life for all people around the world, and indeed, even more so in the
developing countries of Africa and Asia that are beset with a myriad of competing challenges.The
urgency to address these matters was highlighted by Antonio Guterres, the Secretary-General of the
United Nations when in 2019, he issued a global call for a Decade of Action to deliver the Sustainable
Development Goals by 2030. This decade commenced in 2020 to end in 2030, and already, we are
rapidly moving into 2024 which means that much has to be delivered in the next six years.

Setting these Sustainable Development Goals (SDGs) is meant to mobilize networks across countries
in order to galvanize knowledge and practice into concrete results that will impact on lives and
livelihoods. Therefore, if we seek the most appropriate education that is aimed at developing
knowledge, awareness, and action for the SDGs, then both STEM (Science, Technology, Engineering
and mathematics) and Technical and TVET (Vocational Education and Training) are best positioned
to provide solutions that will solve daily life problems, discover new technologies and create career
opportunities. This because STEM and TVET education foster critical thinking, problem-solving,
creativity, innovation, collaboration, communication and ethical awareness that are essential for the
achievement of sustainable development.

The focal drive of this Conference is to exchange ideas and by participating in this exchange on a
wide range of related topics, it is hoped that all participants will benefit from the conference
experience and would go on to apply the knowledge gained in meaningful ways. So, ladies and
gentlemen, scholars, researchers, thank you for being here and for lending your expertise to this
important Conference. Thank you also to the Dean of the School of Science and Technology
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Education, Professor Amosa Isiaka Gambari and the Conference organizing Committee led by Prof.
Ibrahim Yakubu Umar for maintaining the momentum of this important annual Conference.

Again, | welcome you all to Federal University of Technology, Minna and wish you an interesting
and very productive Conference.

Thank you.
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A WELCOME ADDRESS DELIVERED
BY PROFESSOR AMOSA ISIAKA GAMBARI,
DEAN, SCHOOL OF SCIENCE ANDTECHNOLOGY EDUCATION,
FEDERAL UNIVERSITY OF TECHNOLOGY, MINNA, NIGERIA,
AT THE OPENNING CEREMONY OF THE 9™ INTERNATIONAL
CONFERENCE OF THE SCHOOL
2NP-6™ OCTOBER, 2023.

I, on behalf of the staff and students of School of Science and Technology Education (SSTE) welcome
you all to the 9th international conference of the school. | sincerely appreciate the Chairman, the chief
host, and our hardworking Vice- Chancellor for providing the favourable environment that facilitates
the hosting of this conference at its usual time of the year.

I seek the indulgence of the Chairman, the distinguished guests, staff of the school and students to join
me in appreciating the Keynote Speaker, Professor Padma M. Sarangapani of Tata Institute of Social
Sciences, Mumba, India and the Lead paper presenters, Prof. Hassan Bello of Abubakar Tafawa Balewa
University, Bauchi, Prof. Asfa M. Yasin of PSS Central Institute of Vocational Education NCERT
Bopal, India, Prof. Nobert R. Jere of Walter Sisulu University, South Africa and Prof. Rohaida M. Saat
of University of Malaya Kuala Lumpur, Malaya. We appreciate your presence and valuable
contributions to this conference. These speakers were carefully selected due to their academic and
professional contributions to the field of Science and Technology Education across the globe. | also
appreciate all the participants who are physically or virtually connected to the conference to make it a
success. | wish you very fruitful deliberations.

Education is a veritable tool for national and human development as it promotes peace, unity, economic,
technological, and social development, among others. Undoubtedly, no human, physical and
technological development can take place anywhere in the world without education. This is because
knowledge, skills, health, wealth, good government and healthy relationship are all products of
education.

Science and Technology Education is an important factor to the technological growth and stability of
every nation's economy, irrespective of its size or status. It is therefore worthwhile to expose our
generation to the benefits and developments of the 21st century. Thus, the 9th International Conference
is apt as it will bring together experts, all over the world, to deliberate on emerging trends in STEM and
TVET in the 21st century world of Science and Technology considered to be the driving factors of
economic growth and development.

The Theme of the conference "Re- thinking the Future through STEM and TVET for achieving
Sustainable Development goals” and the several relevant sub- themes of this conference were carefully
selected to address the challenges of the present Nigeria and by extension, the entire world as well as
the anticipated future challenges. A thorough research, innovations and deliberations into these areas
will, in no doubt, provide the desired solutions and the way forward for addressing these challenges for
a better 21st century and beyond.

This conference has great interest in capacity building and innovation as modern trends emerge in
STEM and TVET. The conference covers current and fundamental issues that relate to research and
innovations in science and technology in line with the realities of the contemporary society.

The urgent needs of education in the present day are the necessary skills designed to develop the learners
to the top of the ladder of scientific breakthrough in education and technology. Nigeria needs a
curriculum where new things in science and technology will be enshrined, where provisions for
laboratory or technology study materials are adequately provided, where students have trending
materials for reading and writing, and where technological development will be ensured. The various
sub- themes of this conference cover such interests, from both local and international perspectives to
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equip teachers, learners, education stakeholders and policy makers to revolutionize the curriculum and
renew initiatives.

Ladies and gentlemen, you are once again welcome to the conference. | express my heartfelt gratitude
to the Vice- Chancellor of this great and dynamic university and his management team for their
contributions to our conferences. | am very grateful to my colleagues in the School of Science and
Technology Education and to our dear students for their support at every stage of the preparation of this
conference. To all the participants, both physical and virtual, I wish you a very successful deliberations
and a fruitful outcome.

Thank you very much for your attention.
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Introduction

I am extremely happy to welcome you all. | feel greatly honoured and elated to stand before you as the
Lead Paper Presenter for this HYBRID International Conference organized by the SSTE. As you are
all aware, the theme of the conference is: "Re-Thinking the Future through STEM and TVET for
Achieving Sustainable Development Goals (SDGS).

My esteemed colleagues in the academia, you will all agree with me that it is only through education
individuals become civilized, refined, and cultured. For a civilized and socialized society, education is
the only means. The goal of education is to make an individual perfect. Education is indeed a systematic
process through which a child or an adult acquires knowledge, experience, skills and sound attitude
(Ajibola & Jumoke, 2012). Tertiary education in Nigeria consists of universities, polytechnics and
colleges of education which offers variety of courses for students to choose from. STEM and TVET
courses are no exception. The teacher also, is an important personality in a nation when we talk of
economic development, as no nation can rise without the right caliber of teachers (FGN, 2013).
Whatever policy Government intends to achieve, that policy can be more meaningfully achieved
through effective and well-coordinated system of education as the instrument for change. Especially,
countries that are furthest behind have now adopted what is known as the ‘Global Goals’ with the view
to end poverty, hunger, AIDS ...etc., United Nations (2020). Nigeria is one of these Nations.

The major concern of Nigeria since independence has been the quest for national development. Various
policy measures such as: Operation Feed the Nation launched by the military government in 1976 to
achieve self-sufficiency in food production; establishment of the Directorate of Food Road and Rural
Infrastructure (DFRRI) in 1986 to execute rural development programmes; National Directorate of
Employment (NDE) in 1986 to promote employment programmes all over the country; National
Poverty Eradication Programme (NAPEP) in 2001 to address poverty and related issues in Nigeria;
National Economic Empowerment Strategy (NEEDS) 1n 2003; National Environmental Standards and
Regulations Enforcement Agency (NESREA) formed in 2007 to ensure cleaner and healthier
environment for Nigerians; and recapitalization of banking industry have been evolved to ensure steady
economic growth and development. There are also, similar efforts in other sectors recently like
education, business enterprises, power, transport and health. All these efforts have been constrained by
lack of holistic approach to their implementation. The development landscape is presenting Nigeria’s
policy makers with new challenges such as: food security, water scarcity, population growth,
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unemployment, inflation, insecurity, debt burden, and environmental degradation. It is in the contest of
these issues; the sustainable development agenda was evolved by the United Nations.

In this paper, attempt would be made to explore Sustainable Development; some of the Nigeria’s
transformative actions to achieve Sustainable Development, and challenges at stake. An attempt would
also be made to understand what STEM and TVET are all about, and whether sustainable economic
growth can be achieved through STEM and TVET in Nigeria and the world over.

Role of the United Nations and the 2030 Agenda

The United Nations (UN) is an intergovernmental organization with193 member states and two
observer states, established 25" April, 1945 after the World War Il with the aim of preventing future
world wars. UN succeeded the League of Nations whose stated purposes are to: maintain international
peace and security, develop friendly relations among nations, achieve international cooperation, and
serve as a centre for harmonising the action of nations (United Nations Charter, 2023). In 2015 the
United Nations adopted the collection of 17 interlinked objectives known as the Sustainable
Development Goals (SDGs) or the ‘Global Goals’ as a universal call to action to ending poverty, protect
the planet, and ensure that by 2030 all people enjoy peace and prosperity.

These goals are: no poverty; zero hunger; good health and wellbeing; quality education; gender
equality; clean water and sanitation; affordable and clean energy; decent work and economic growth;
industry, innovation and infrastructure; reduced inequalities; sustainable cities and communities;
responsible consumption and production; climate action; life below water; life on land; peace, justice,
and strong institutions; and partnerships for the goals (UNDP, 2022). Although some have no end date,
most targets are to be achieved by 2030.

SDGs (a brain-child of the UN) is a global and a nonprofit organization formed by the United Nations
General Assembly (UNGA) as part of the Post-2015 Development Agenda (creating a future global
development framework) to succeed Millennium Development Goals (MDGs) which ended that year.
On the 6™ July, 2017 the UNGA identifies specific targets for each goal and provides indicators to
measure progress. In June 2018, High-Level Political Forum on Sustainable Development (HLPF), an
organ of the UN, launched an ‘online SDGs tracker’ to help present available data on progress of the
SDGs implementation across all member nations. The International Monetary Fund (IMF) is one of the
strongest bodies that offers support to low-income developing countries towards achieving the SDGs
(SDGs Index, 2020).

Criticisms About The 17 Goals

Since inception, critics and observers have identified trade-offs (balance between two desirable but
incompatible features) between some of the goals. Such as between ending hunger and promoting
environmental sustainability. Other concerns include being too many goals to achieve within a specified
period of time. There are cross-cutting issues and synergies between the different goals couples with
some Implementation constrains in many of the developing countries.

Sustainable Development

Sustainable Development involves two seemingly incompatible terms: Sustainability and Development.
Sustainability, in the dictionary of English means ‘ability to be maintained or improved to certain level
without degradation’. While, development on the other hand, refers to ‘a ceaseless or constant process
of transformation’. Sustainability can be implemented environmentally, economically and socially.
According to Goulet (1971), development has three major components: life sustenance, self-esteem and
freedom. Thus, the measure concern of development should be to raise people out of poverty and
providing basic amenities for live.

Sustainable Development is an idea that was first used in 1980, by the International Union for the
Conservation of Nature (IUCN) as an approach which has now became a matter of great concern
globally. Cameron (1993) states that, sustainable development entails the progressive economic and
social development of human society through maintaining the security of livelihood for all peoples and
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by enabling them to meet their present needs, together with a quality of life in accordance with their
dignity and well-being, without compromising the ability of future generations to do likewise.

According to World Bank (2000), Sustainable Development is concerned with political mobilization,
and the twin issues of environmental protection and economic development. It embodies the notion and
ideals of a development process that is equitable and socially responsive, recognizing the extensive
nature of poverty, depreciation and inequality between and within nations, classes, and communities. It
also, seriously advocates that the world be seen as one eco-system and advocates that economic
development process should include ecological and environmental issues as an essential component.

Summarily, sustainability is often thought of as a long-term goal with lots of processes and pathways
to achieving it. Also, the main aim of development is improving the quality of life to enable citizens
realise their potentials and that, development is real only if it transforms human lives better.

It is absolutely, clear from the foregone analysis, that Nigeria is not yet sustainably developed. This
could be due to numerous challenges bedabbling the country that would be examined later in this
presentation.

Overview of Transformative Actions to Achieve SDGS in Nigeria

The implementation of ‘Global Goals’ for all kicked off in January, 2015. Voluntary National Review
(VNR) are annual reviews that are being presented at the UN High-level Political Forum (HLPF)
meetings on SDGs. In 2017, 2020, 2021 and 2022 Nigeria was among the member nations that
presented its Voluntary National Review (VNR) on the implementation of the 2030 Agenda.
Summarily, the reviews focus on:

Goal 3: Good Health and Well-being - The Nigeria Economic Recovery and Growth Plan (ERGP)
was launched in 2017. Among its goals are: reviving economy from current recession and the reduction
of maternal mortality ratio to 70/100,000 live births.

Goal 4: Education- The implementation of the State Universal Basic Education Board (SUBEB) in
2016 to ensure free Universal Basic Education for every Nigerian child of school-going age.

Goal 5: Gender Equality- In 2000, Nigeria passed into law the National Policy on Women for the
Elimination of All Forms of Discrimination Against Women (CEDAW).

Goal 6: Clean Water and Sanitation- According to UNICEF, poor water supply and sanitation cost
the Nigerian economy approximately 1.3% of the annual GDP.

Goal 7: Affordable and Clean Energy- Nigeria claims to achieve a 13% contribution of
hydroelectricity; 1% of wind energy and 3-6% of solar energy to the electricity generation mix by 2020.

Goal 9: Industry, Innovation and Infrastructure- In 2013 Small and Medium Enterprises
Development Agency of Nigeria (SMEDAN) report showed that there are over 70 million Micro Small
and Medium Enterprises (MSMEs) contributing 50% of the nation’s GDP. But it was noted that less
than 5% of these businesses have adequate access to financial credit.

All these policies are measures for sustainable development in Nigeria. What then are the challenges?
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Challenges to Sustainable Development in Nigeria

Even though, Nigeria is steadily working on its economic challenges as it aspires to be among the top
economies in the world someday, there are still many problems hindering the country from realizing its
full potential. Some of which are as follows:

1.

Ranking: Based on the SDGs Voluntary National Review annual report, Nigeria as a member
nation was ranked number 160 in 2020 and number 139 in 2022 out of the 193-member nations
(SDGs, 2020 & 2022) respectively. That is why some economic problems in Nigeria are reducing
while, others are gradually worsening.

Prolong Conditions of Poverty: One of the greatest challenges of Nigeria is that of evolving
progammes to free the vast majority of Nigerians from poverty. As it is, many Nigerians are
wallowing in abject poverty and are not taking the daily three-square meal regularly. To achieve
sustainable development, poverty must be eliminated such that low-income earners could afford
nutritious food to sustain a living. Ending poverty in Nigeria would mean improving access to
education, healthcare, clean water, and sanitation (Ortega, 1990).

Poor Funding of Education: In an assessment reported by the UN Summit for Refugees and
Migrants (2016), ‘Nigeria has the highest rate of 10.2 million out of school children in the continent
of Africa (next to India in the league of poor performing nations)’. Many of whom were in the
North, displaced from homes as a result of terrorists’ attacks by Boko Haram and Bandits, and are
now refugees as internally displaced persons.

Inflation and debts: Inflation and debts have also, affected Nigeria’s economy and commercial
activities mainly due to the country’s dependence on crude oil as the major source of income.
Couples with Nigerian government increased borrowings from the international capital market
with the view to offsetting the budget crunch caused by the ongoing revenue shortfalls.
Corruption: corruption is another greatest threat to Nigeria’s development. It becomes a means
of living for many Nigerians. That calls for Obasanjo’s Anti-corruption act of 2000. Unfortunately,
corruption has eaten deep into the fabric of our societies. For instance, Nigeria in 2019 made about
$47 billion from mineral fuels, oils, and distillation products. But these natural resources promote
corruption and poverty instead of economic development, leaving millions impoverished.
Insecurity and Joblessness: The Global Terrorism Index (GTI) in 2020, rated Nigeria as the
world’s third worst country with insecurity and insufficient jobs. Millions of people in Nigeria,
mostly youths, are jobless. Unemployment creates additional problems, including increased crime
rates and suicides thus, affecting economic growth. Instances are inter-tribal and intra-tribal wars
and religious crises between the Tiv and Jukun in Taraba, farmers and pastoralists in Jigawa; and
the Bauchi crises in 1991, Kaduna in 2000 and Jos in 2004, respectively.

Poor Health System: Nigeria faces lots of health challenges, which include: infectious diseases,
maternal mortality, fatality rate, poor sanitation, non-communicable diseases, and poor funding of
the health sector, leading to the migration of many Nigerian health personnel to abroad for greener
pasture.

Environmental Degradation: This result mostly due to poor leadership, mismanagement of
resources and inconsistent policies about environment. For instance, the destruction of forest and
emission of toxic materials in the Niger Delta site due to poor exploitation of crude oil and gas in
the region. In the northern region, there were, incessant bush barning, poor farming techniques,
and wood harvest for fuel couple with the emergence of bandits from rural areas. In the eastern
and the southern part, there is gully erosion, densely population and dangerous activities of the
Indigenous People of Biafra (IPOB) respectively. These phenomena caused heavy demand for
importation of farm products and the dependence of one region on the other for food supplies. The
agrarian system in those areas is gradually being destroyed thereby, putting the life of many
Nigerians at risk.

These and many other challenges must be overcome if Nigeria is to be sustainably developed.

Achieving Sustainable Economic Growth Through Effective STEM and TVET Programs

Based on the aforementioned state of things, it becomes paramount for Nigeria as a nation to rethink
about ways forward for it to be sustainably developed by the year 2030 and beyond. To build a more
sustainable Nigeria, our attitudes and behaviours must change at different levels: individual,
community, regional, national and global. The role of education in this regard would never be
overemphasis. Thus, attention can be positively directed towards addressing issues and problems in
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different areas of live by embracing effective STEM and TVET programs (as practice in many
developed countries of the world). No doubt, Sound STEM and TVET education as drivers would instill
creativity, knowhow, technology and peace in our societies necessary to achieve the SDGs in every
context. What then are STEM and TVET all about?

Concept, Definition and Prospects of Stem

STEM is an acronym for Science, Technology, Engineering and Mathematics, said to have been coined
by Dr Judith Ramaley of the American National Science Foundation as a shorthand for the four subjects
in the acronym. STEM according to Tsupros, Kohle & Hallinen (2009) is an educational programme
developed to prepare primary and secondary students for college, graduate study and careers in the field
of science, technology, engineering and mathematics (STEM). But, in recent years however, the
definition has changed beyond being an acronym. There is a paradigm shift from the traditional teacher-
centred classrooms which treat these subjects in bits and pieces. STEM aims at fostering inquiring
minds, logical reasoning and collaboration (Fomunyam, 2019 and Rahangmetan, 2021).

Former President Obama (in Ubawuike, 2018) once states that STEM is more than school subjects, he
refers STEM as a critical way of understanding and exploring the world, and having the capacity to
change it and share the accumulated knowledge. The goal of STEM programs is to increase the supply
of qualified high-tech manpower in the country, support innovation, improve competitiveness globally
and strengthen economic growth. Shirke (2021) define STEM as education that include the following
seven standards of practice or skills:

Learn and apply content

Integrate content

Interpret and communicate information

Engage in enquiry

Engage in logical reasoning

Collaborate as a team

Apply technology appropriately.

STEM integrate multiple disciplines and train students how to use cross-disciplinary knowledge in
solving problems. It promotes learning-by-doing approach that encourage students’ participation in
real-world projects. Most STEM majors acquire rigorous problem-solving skills, which are useful in
almost any occupation. STEM also, offers students a chance at higher paying jobs in the following
areas:

Computing (Computer system analyst, database administrator, 1.T director, network administrator,
software developer); Engineering (Audio engineer, biomedical engineer, civil engineer, electrical
engineer, petroleum engineer, etc.); Physical science (Chemist, cartographer, agricultural technician,
physicist, science teacher, etc); Life science (Anesthetist, clinical research associate, oceanographer,
orthodontist, science teacher, etc); Mathematician (Accountant, economist, financial analyst,
statistician, math teacher, etc).

AN N N N N NN

Concept, Definition and Prospects of TVET
On the other hand, TVET is an acronym for Technical VVocational Education and Training. According
to UNESCO, a hallmark feature of TVET is that it involves “in addition to general education, the study
of technologies and related sciences as well as the acquisition of practical skills, attitudes,
understanding, and knowledge relating to occupations in various sectors of economy and social life”.
TVET may occur in educational (schools) or professional (workplace) settings. It combines formal
(theoretical learning that often takes place in the classroom) and informal (this refers to self-directed
education that is practical, such as internships and on-the-job experiences) learning to equip students
with the knowledge and skills needed in the workplace, with a focus on the technical aspects. When it
comes to defining TVET there are notably six key features to take into account (Tom & Norton, 2016):
a) Employer-centric — whereby most training providers and institutions have a partnership and
cooperate to ensure training outcomes are employability based.
b) Flexibility — Within a regulated framework, training providers are relatively autonomous in
how they deliver training and students can be given the flexibility to work and study
simultaneously.
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c) Quality — TVET providers are to commit to quality education. The public generally has access
to high-quality inspection reports which encourage and reward high performance among TVET
institutions.

d) International — TVET within the global access where the international community can join
courses as students or trainers.

e) Accessibility — Where frameworks for complete student support, community involvement, staff
development, and technology use are enforced.

f) Economic Development — TVET institutions collaborate with local agencies and employers to
ensure economic growth is facilitated

Technical Vocational Education and Training (TVET) is the type of education and training that focuses
on providing students with practical skills and knowledge for a specific trade or vocation. This type of
education prepares individuals that are looking for a more hands-on, practical approach to learning to
get into a specific career as quickly as possible. TVET help fill skills gap in the job market, leading to
a wide range of career opportunities, and facilitate lifelong learning and career development (Tom &
Norton, 2016). In addition, TVET play a vital role in supporting economic growth and development at
both the individual and community levels. Some of the TVET occupations include: people who work
as technicians, carpenters, bricklayers, and electricians. Examples of other such professions include
chef, underwater welder, piping expert (in the oil and gas industry), and dressmaker.

The value of TVET is widely acknowledged. For instance, Germany, Austria and Switzerland have
world renowned dual TVET systems, Canada has excellent reputation for TVET in their community
college system, and Finland has the world leading education system in which TVET has major role.
Also, Singapore with no natural resources has grown into a south East Asian powerhouse due to
intelligent policy decisions regarding public-private collaboration in TVET. Last but not least, Chinas
phenomenal growth is partly based on a heavy focus on TVET.

Present Status of STEM and TVET in Nigeria
Formal STEM and TVET in Nigeria are currently operating in an environment characterized by:

1. Unstable Staff, the problem is no longer unavailability of teachers but their instability. Due to
the poor earnings of teachers, many people use teaching professions as a stepping stone to more
attractive jobs.

2. STEM and TVET education involve lots of practical activities for students to learn hands-on
approach to issues. In general, the quality of training is low, with undue emphasis on theory
and certification rather than skill acquisition and proficiency testing.

3. The explosive enrolment due to the UBE programme has resulted in overcrowded classrooms
and in most cases; the school environment is not conducive for learning, thus, making students
uninterested in school work.

4. In rural areas as well as in Northern part of Nigeria, students do not have access to up-to-date
libraries, laboratories, and technical workshops which are necessities for learning.

5. Lack of digitalization in Nigeria education system. Most public schools in Nigeria have not
been upgraded in the use of ICT in teaching. Although, federal government has included ICT
education in the curriculum, but its application has been discouraging. In this technology driven
age, everyone requires ICT competence to succeed.

6. Nigeria schools in the teaching of STEM and TVET, suffer brain drain to other developed
countries like Canada, USA, Australia, and so on, for greener pasture. The government remain
adamant about the damage this phenomenon is making.

7. Incessant strike actions as a result of lecturers demanding salary increment or failure of the
Government to fulfil important obligations. Students also, indulge in this action advocating for
better learning environment or decrease in registration fees. This creates imbalance in academic
session.

8. There is mismatch between training and labour market skills demand due to lack of
collaboration between the training institutions and industries. This account for high incidence
of unemployment among graduates from formal school system.

9. There is gross under funding for both STEM and TVET programs in Nigeria probably, due to
expensiveness of training equipment and materials involved.
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Recommendations
For both STEM and TVET to play a greater role in achieving sustainable economic growth, Nigeria
should reposition their status for the better by addressing the following:

1. The curriculum in Nigerian schools must go beyond content knowledge, it should contain
skills of the 21st century, such as reasoning, creativity, analytic and so on, to foster
industrial revolution.

2. Government at all levels, should invest more in the education sector to cater for facilities,
adequate remuneration, and bursary award to aid smooth studentship in place of giving
loans to students of tertiary institutions.

3. Establishing strong linkage and collaboration between training institutions and the
industries to enable STEM and TVET teachers update their work experience.

4. Strengthening the link between formal and non-formal TVET by designing standard non-
formal vocational training centres, and practical examinations to certify the knowledge
obtained. For the SDGs challenges:

5. Nigeria can resolve the lingering debt burden by approaching IMF and other lenders in the
international capital market with a policy support instrument, debt conversion, and debt
restructuring proposals.

6. The Nigerian Electricity Regulatory Commission (NERC) should upgrade its power
generation, transmission and distribution equipment, and allow private companies’
investment in electricity, this will increase power supply and boost industrialisation in the
country.

7. The government should promote transparency in public procurement processes and allow
anti-corruption commissions, bureaus, and tribunals to conduct fair investigations into
corruption cases without political influence.

8. To impede crime and terrorism in the country, government should create employment for
youth and cut channels terrorists use to get weapons and finances to commit crimes.

9. Government should invest in tertiary healthcare education to increase the number of
medical professionals and the procurement of standard healthcare facilities and
infrastructure.

Conclusion

The main aim of development is to improve the quality of life of the citizens. This paper concludes that
Sustainable Economic Development is yet to be achieved in Nigeria. Despite several efforts since
independence in 1960, the 63 years of development in Nigeria have revealed a number of challenges
policy makers must overcome in order to achieve sustainable development in the 21% century. These
include: Low quality education system, prolong-poverty, corruption, inconsistent economic policies,
unemployment, poor health system and environmental degradation.

STEM and TVET education are necessities for growth and development in any country. No doubt, the
future of this country lies in the knowledge and practice of STEM and TVET. Therefore, all hands must
be on deck to ensure that our educational practices instill creativity, knowhow, technology and peace
in our societies necessary to achieve the SDGs in every context.
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Introduction

The Sustainable Development Goals (SDGs) are well known to the world. Some consider the goals too
idealistic while some claim their benefits don’t reach far enough. Either way, the significance of SDGs
has for long been a scholar favorite topic of debate. In recognition of the same discourse, this paper
illuminates a niche yet crucial aspect that warrants a detailed discussion by scholars and practitioners
of policy: the importance of integrating TVET and Science Technical Education and Mathematics
(STEM) inrealizing SDG objectives, globally. Of the 17 Goals, 10 cannot be achieved withouta STEM
skill set. These include:

Good Health and Well-Being

uality Education

Clean Water and Sanitation
Affordable and Clean Energy

Decent work and Economic Growth
Industry Innovation and Infrastructure
Reduced Inequalities

Climate Action

Life Below Water

Life on Land

© © N gk wDhE
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Each of these goals require a workforce trained in STEM and equipped with TVET skills to act as agents
and harbingers of a new era. The need for STEM and TVET integration towards SDG accomplishment
is also validated by the dynamism of geopolitical fabric and the international economy by extension. A
common mistake technical education policy often makes is not paying enough attention to geopolitics
or the ‘big picture’. While it is important to keep a close watch on relevant industrial changes and
opportunities or threats stemming from them, one must also not forget that on a macro level, it is the
changing world that affects everything from functioning of industries, employment opportunities as
well as partnership promises to SDGs.

One such recent change is the trend of de-globalization. As tensions rise between developed and
developing nations, globalization seems to be doing more harm than good especially when skill
development is concerned. The outsourcing of skills has left half the world without any STEM
competencies or technical skills which are required to meet SDG obligations. We are halfway through
2030 and the latest SDG progress report] shows that the commitment to SDGs is in ‘deep’ trouble. One
way to rescue the People and Planet is the seamless integration of TVET and STEM in achieving SDGs.

Why is STEM Significant now more than ever?

The International Labor Organization is apt in claiming that since critical thinking, problem solving,
and innovation abilities have become an inevitable part of modern world of work, a workforce immersed
in STEM capabilities will provide a strong backbone, capable of withstanding economic stresses2. A
perfect case in point for this is the case of USA moving its Apple manufacturing from China to India.
The deteriorating US-China relations have laid bare the lack of technical skills in USA’s workforce
which it needs to fulfil its SDG promises as well as for facing economic pressures.

For decades, USA like many other western countries, has depended on the East for providing cheap
labor and set up its manufacturing locations in the “third-world”. This is called the ‘core-periphery’
system of economic dependence between a developed country (core) and the developing countries
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(periphery). The core reaps the benefits of the periphery's markets, resources, and cheap labor, often at
the cost of the periphery's economic growth. As a result, asymmetrical power relations emerge,
reinforcing underdevelopment and poverty in the periphery. However, there has been a departure from
an open acceptance of this trend as nations have begun to realize the importance of self-reliance to meet
SDG objectives. USA and China are expected to embark on what is being called ‘de-globalization’.
Deglobalization means reduced inter-dependence on each other for production of goods and services.
While this reduced interdependence may not appear ideal in the beginning, yet it is necessary for skill
development in STEM skill-lacking countries.

Haiti is another example of a region which may benefit from TVET-STEM integration towards fulfilling
its SDG promises instead of relying on outside aid. In 2012, the Global Fund to Fight AIDS,
Tuberculosis, and Malaria, and the US-based Centers for Disease Control and Prevention (CDC) mass-
distributed Insecticide-treated bednets (ITNs) to combat malaria in Haiti. A few years later, an
observational study found no evidence of reduction in malaria due to these aid-imported ITNs3.
Millions of dollars were spent on this project just like in several other regions, yet no significant change
happened. In fact, the million pouring in aid in places like Congo have made these regions a playground
for celebrity humanitarianism4. Places like Congo and Haiti do not need mindless western aid. Instead,
they need skill development amongst the local population. The need for ITNs in Haiti could have been
used as an opportunity to impart vocational skills and STEM knowledge to locals. An entire job sector
could have been created for locally made ITNs. Then, even if the product itself failed, the people would
still be left with skills and knowledge to mitigate similar future crises.

Globalization has caused dependence and need for skill development has long been ignored in favor of
outsourcing and off-shoring. The emphasis on TVET-STEM is therefore necessary to meet SDG
objectives especially now that de-globalization seems a reality. As the core-periphery arrangement
becomes redundant and countries aim for self-reliance, de-globalization will generate a fresh demand
for technical skill sets all over the world. This will naturally affect domestic industries in the West but
more importantly, it will affect the international promise of SDGs. More countries will need STEM and
TVET skilled human resource to fulfil its domestic as well as international obligations towards at least
the 10 SDGs mentioned above. The following sections of the paper will dive further into the integration
of TVET and STEM towards meeting Sustainable Development Goals.

Rescuing the SDGs: The Inevitable TVET-STEM Integration

TVET programs have a strong emphasis on practical skills and hands-on training in a variety of
professions and vocational sectors. These programs are intended to equip learners for employment in
mechanics, healthcare, beauty and wellness and other technical industries. TVET includes a wide range
of non-academic skills and knowledge. STEM, on the other hand, is concerned with academic fields
such as science, technology, engineering, and mathematics. In these domains, STEM education stresses
conceptual understanding, problem-solving, critical thinking, and creativity. It is natural that the
confluence of TVET and STEM will bring together non-academic and academic skill sets to the table
and serve as a catalyst in achieving SDG objectives. For instance:

a. Quality Education (SDG 4):

Integrating STEM-related subjects into TVET curricula can improve vocational education quality. This
method guarantees that students not only develop practical skills, but also a solid foundation in STEM-
related knowledge, which promotes critical thinking and problem-solving capacity.

a. Gender Equality (SDG 5):

Encouraging women to participate in TVET and STEM programs is critical to attaining SDG 5.
Developing focused programs to recruit and retain women and girls in STEM-related TVET programs
can aid in closing gender inequalities and advocate for women’s rights. 5

a. Affordable and Clean Energy (SDG 7)

Integrating renewable energy and green technology training into TVET programs can assist in fulfilling
SDG 7 by developing a competent workforce adept to working on sustainable energy projects and
increasing access to clean energy solutions.
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a. Skill Development for Decent Work and Economic Growth (SDG 8):

TVET programs may collaborate with STEM sectors to provide skill training that meets the needs of
modern businesses. Offering vocational training in disciplines such as renewable energy, IT, or
advanced manufacturing, for example, can assist prepare a workforce for careers in sustainable
industries.

a. Industry Innovation and Infrastructure (SDG 9):

TVET programs that emphasize STEM skills can help foster innovative enterprises and infrastructure.
Graduates with technical competencies in fields such as engineering and technology may help enhance
infrastructure, manufacturing, and sustainable technologies through Al and other upcoming tools.

a. Climate Action (SDG 13):

TVET programs can train students for professions in environmental and sustainability-related fields.
This includes courses in domains like as environmental science, renewable energy, and sustainable
agriculture, all of which are critical for combating climate change and reaching SDG 13. TVET can
also help nurture 'green skills' in individuals to help combat the alarming climate crises we face today.

a. Partnerships (SDG 17)

Networking and cooperation between educational institutions, governments, corporations, and
international organizations is essential for successful TVET and STEM integration. Partnerships
between the public and private sectors can help with the creation of appropriate curriculum, increased
access to resources, and employment prospects for graduates. 6

Data collection and Monitoring:
Governments and organizations may track progress toward SDG fulfillment and make informed policy
decisions by using knowledge of data and analytics from STEM sectors. STEM-trained people may
contribute to the creation and use of data for long-term growth and help mitigate challenges.

Conclusion

In conclusion, combining TVET and STEM can result in a synergistic approach to education and skill
development, aligned with several SDGs. It has the potential to facilitate individuals in preparing for
the needs of a quickly changing employment market while simultaneously tackling vital global issues
like as sustainable development, innovation, and equality on a macro level.
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Abstract

Technical and Vocational Education and Training Colleges (TVET) have been identified as a driver for
skills development. Most TVET Colleges aim to provide technical skills that are vital for economic
growth and transformation. In principle the TVET Colleges curriculum is designed to address the
specific issues that different communities are facing. However, new problems emerge and as the United
Nations (UN) Sustainable Development Goals (SDGs) emerge the TVET Colleges curriculum requires
revision. It is also evident that the current SDGs require new Science, Technology, Engineering and
Mathematics (STEM) approaches and innovative thinkers and the TVET Colleges have a critical role
to play in preparing the future graduates. Thus, the current curriculum needs to be revamped. In this
study secondary data using systematic review has been considered. Results shows that there are efforts
and initiatives undertaken by TVET Colleges to achieve the SDGs. The study recommends a relook at
the current curriculum at TVET Colleges to be redesigned towards attaining the SDGs.

Keywords: Technical and Vocational Education and Training Colleges; Science, Technology,
Engineering and Mathematics (STEM), Sustainable Development Goals (SDG);
Redesigning; Emerging Trends

Introduction

The agenda to global prosperity encouraged by the United Nations Development Programme countless
years ago as the Millennium Development Goals (MDGs), has been replaced by Sustainable
Development Goals (SDGS) to reflect existing realities. The Sustainable Development Goals demand
for a significant increase in universal engagements. This includes engagements with key stakeholders
such as academic institutions and communities. Ina achieving the SDGs, Technical and Vocational
Education and Training Colleges (TVET) play a critical role. Irikefe (2021) highlights the position of
TVET as real tools to combat and control draught and proliferation of countless crimes across Nigeria,
specifically among the youth. Irikefe (2021) found that the instrumentality of vocational training,
especially in the form of short-term vocational training, the provision of job-specific starter packs and
post-training support, can go a long way in reducing unfriendly events in communities. It is also proven
that skills training and empowerment platforms are a focal stage to curb prevalent unemployment,
growing poverty, increasing insecurity as well as destabilisation of communities in countries.

Irikefe (2021) reveals that due to the lack of professional skills on the youths, some of them have
resorted to committing several terrible crimes to earn a living. Improving livelihoods is key to poverty
reduction as the United Nations has acknowledged the next decade a period of action to achieve
Sustainable Development Goals (SDGs). Auta (2022) observed the need for a universal partnership
with TVET to make sure that the sustainable development goals are realistically achieved. Auta (2022)
addresses some dimensions of the SDGs namely economic, social and environmental and regarding to
the economy, it advocated for adequate investment in agriculture and manufacturing. Masoabi and
Alexander (2021) examines the feasibility of incorporating entrepreneurial teaching into engineering
studies at Technical and Vocational Education and Training Colleges (TVET). In addition, students
must leave vocational colleges with appropriate entrepreneurial skills to enhance employability and
economic growth. In general, vocational colleges ought to provide for labor market-related skills, values
and knowledge in response to the economic needs. In some African nations, entrepreneurship training
is encompassed, although it is fundamental in its structure. Therefore, the inclusion of entrepreneurship
education is obligatory to improve the employability of TVET students. According to Auta (2022) there
is a need to build a solid partnership with vocational training institutions to train the unemployed
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without regard to gender, tribal affiliation, religion and disabilities has been highlighted as a solution to
some of the challenges facing Nigerian society for sustainable green TVET. His Nevertheless, the
connections between global student mobility and sustainable development remain uncertain. Masoabi
and Alexander (2021) examines the feasibility of incorporating entrepreneurial teaching into
engineering studies at Technical and VVocational Education and Training Colleges (TVET). In addition,
students must leave vocational colleges with appropriate entrepreneurial skills to enhance employability
and economic growth. In general, vocational colleges ought to provide for labor market-related skills,
values and knowledge in response to the economic needs. In some African nations, entrepreneurship
training is encompassed, although it is fundamental in its structure. Therefore, the inclusion of
entrepreneurship education is obligatory to improve the employability of TVET students.

Relevant Literature

Moreover, the goal of sustainable nutrition, economic growth and development is required by all
stakeholders. lbrahim (2023) recommended the need for increasing funding TVET institutions,
improving their quality by incorporating soft skills to meet industrial demands and strengthening public-
private partnership. Ovwiroro (2017) pointed out that TVET is fundamental for national and economic
enhancement. TVET institutions must be instituted by government at all levels, including multinational
corporations and stakeholders from riverine and rural communities to meet the skills needs of industries
operating in the riverine and rural communities. Ovwiroro, (2017) recommended that all riverine and
rural communities ought to establish vocational education committees to address issues related to the
acquisition of vocational skills areas concerned in their communities. In addition, a funding should be
available to the government and stakeholders of rural communities to establish TVET institutions and
promote economic development.

In addition, a well-coordinated TVET can provide people specifically the youth with the knowledge,
skills and competences they need for the jobs. Imparting relevant professional skills can be an effective
means of enabling people to seize employment opportunities to prepare them for self-employment. The
2020-2030 Agenda for Sustainable Development has set an ambitious goal within the framework of
Sustainable Development Goal (SDG) 4 on quality education and SDG 8 on decent work and economic
growth. Under this foundation the competence needs of TVET providers are determined to safeguard
that the training meets the needs and opportunities of the labour market. These consist of the use of
needs assessment concept to identify and justify needs and task analysis approach (Omole & Omole,
2020). Policy considerations to confirm that TVET contributes to the Sustainable Development Goals
incorporate the TVET qualifications agenda to offer a long-term vision for TVET and to ensure future-
oriented skills, including green skills and skills for sustainable development (Omole & Omole, 2020).

Similarly, Edokpolor and Dumbiri (2019) pointed out that the physical services for the teaching and
learning processes for TVET programs were insufficient and that the instructional resources were
underused during teaching and learning in TVET programmes. Therefore, TVET leaders should seek
to work with significant stakeholders to support resources that help to ensure suitable provision of
physical amenities for effective teaching and learning activities in TVET programmes. In doing so, this
would further help foster an enabling environment for teaching and learning TVET courses, which
would help equip students with the skills they need.

The role of STEM in addressing SDGs

Ramnarain and Ndlovu (2023) stated that African nations hold great emphasis on the centrality of
integrating ICT into STEM education. There is a policy to provide schools and university students with
ICT and digital skills that would permit them to contribute to the contemporary workforce and
entrepreneurship in STEM fields. According to Ramnarain and Ndlovu (2023) STEM education is an
engine of economic progress and is vital in helping less developed economies like those in Africa to
compete in the global market, create jobs, specifically STEM jobs with high levels of exchange and
improving prosperity. In Africa, Astronomy for Development aim to use astronomy to stimulate
educational, technological and socioeconomic growth (McBride, Venugopal, Hoosain, Chingozha &
Govender, 2018).
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Additionally, Tikly, Joubert, Barrett, Bainton, Cameron and Doyle (2018) require the MasterCard
Foundation with considered options to improve the quality of education in science, technology,
engineering and mathematics (STEM) across sub-Saharan Africa critical if nations are to accomplish
the SDGs and close the gap between Sub-Saharan Africa and the rest of the world. Tikly et al., (2018)
found that student performance at the secondary level is low, resulting in low enrolment at the secondary
level. However, to address this, the African Union has set targets for STEM enrolment, which involve
addressing the current poor quality of secondary education.

Corts, Guix and Carbonell (2021) highlight changes in research performance following global
announcements like the UN Earth Summits however, addressing the complex energy access challenges
on the African requires a skilled local workforce. Similarly, Pailman and de Groot (2022) specified that
given the role of distributed and renewable energy in achieving (SDG) 7, the development of local
specialists with skills in these areas is crucial to reaching universal energy access. Therefore. TVET
also play a pivotal role in closing the skilled African energy workforce gap through various courses that
respond to SDG 7. Pailman and de Groot (2022) propose a lever framework for gender in energy access
as part of the Transforming Energy Access Learning Partnership which supports a network of eight
African universities in the development of energy-related courses. Pailman and de Groot (2022) initiate
that integrating a gender standpoint can help course leaders and lecturers redesign energy access
education and contribute to a standard shift in education, values and practices. Thus, inclusivity
encourages diversity and prominently advances SDG 7.

In addition, the world is on the verge of a complete transformation and redesign of society and
workplaces. This change is also caused by the Fourth Industrial Revolution, which is transforming
different aspect of life, including education. The revolution is typified by advances in areas like artificial
intelligence, robotics, biotechnology and quantum computing. Yingi, Hlungwani and Nyagadza (2022)
explained that this is happening at a time when the United Nations has theorised the SDGs as part of
the 2030 Agenda. The application of 4IR technologies like artificial intelligence (Al), learning analytics
and the Internet of Things encourages inclusive, equitable and quality education which is in line with
SDGA4.

Furthermore, the significant role of environmental education to promote the SDGs has been evidently
identified in national policy visions and strategies in Nigeria. However, despite this collective
recognition, the implementation and delivery of environmental education programs continues to be
hampered by several practical implementation challenges (Babalola & Olawuyi, 2021). Babalola and
Olawuyi (2021) proposed that formulation of a clear national strategy on environmental education,
specific budgetary allocation, reform of present laws to ensure coherent execution of these programs
and designation of priority units in tertiary institutions are substantial steps towards the development
and implementation of environmental education programs in Nigeria.

Emerging trends in technology that address community challenges

Community-based operations research are becoming important in various areas that benefit from
empirical and analytical attempts to problem solving. These areas focus mainly on community services
and local enhancement. Johnson, Midgley and Chichirau (2018) identify a number of these
distinguishing between emerging trends generally in well-studied areas of operations research, and new
frontiers found in traditions not classically focused on empirical and analytical methods are for problem
solving where community decision modeling presents new ways to generate knowledge, policies and
regulations.

According to Wang, Mang, Cai, Liu, Zhang, Wang and Innes (2016) watershed management is a
constantly evolving practice that comprises the management of land, water, biota and resources in a
defined area of ecological, social and social reasons embrace economic purposes. Wang et al., (2016)
review the process of developing combined watershed management approaches for sustainable
management by incorporating adaptive management systems and traditional ecological knowledge.
Wang et al., (2016) address the various benefits of integration through disciplines and jurisdictional
boundaries, as well as incorporating technological advances like remote sensing, GIS, big data, and
multi-level social-ecological systems analysis into watershed management strategies.
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Furthermore, the emergence of smart cities and sustainable development has become a globally
accepted form of urbanisation. The epitome of smart city development has been made possible by the
latest innovative combination of information and communication technology. Citizens of smart cities
can enjoy the benefits of a smart living environment, ubiquitous connectivity, seamless access to
services, smart decision-making through smart governance, and optimised resource management
(Haque, Bhushan & Dhiman, 2022).

The extensive adoption of smart cities has led to issues in data security, authentication, unauthorised
access, device-level vulnerability, and sustainability. Furthermore, academics and others are grappling
not only with how to implement the new insights promised by personalised medicine, but also with the
central questions of application in early drug development, implications for health technology
assessment, and new requirements to traditional health economics and outcomes and implications for
reimbursement and access (O Donnell, 2013). Despite of these issues, physicians are gradually forced
to find practical solutions to the challenges and opportunities presented today by the advancement of
personalised medicine. Goldberg, Lide, Lowry, Massett, O'Connell, Preece and Shneiderman (2011)
noted that it is a platitude that, for innovative eHealth systems to deliver real value and impact, they
must be used primarily by physicians and consumers and must be accessible.

According to Zhou, Greenspan, Davatzikos, Duncan, Van Ginneken, Madabhushi and Summers (2021),
deep learning has been extensively used in several medical imaging tasks since its renaissance and has
attained remarkable success in countless medical imaging applications, bringing into the world of
medicine era of artificial intelligence. It is well known that the success of Al is largely due to the
accessibility of large data sets with annotations for a single task and advances in high-performance
computing. However, medical imaging presents unique challenges that deep learning approaches face
currently.

Methodology

The study used a systematic review approach to collect data. This systematic review the role of TVET
colleges in addressing SDGS. The Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) protocol for determining the inclusion and exclusion criteria was followed. These
criteria were formulated based on the current study goals and the research question. All relevant studies
were identified and reviewed.

Kitchenham and Charters, (2007) used a formal, structured procedure for reviewing the literature. A
strategy was created as part of the process, comprising of the research question and data extraction
procedures and the approach used for the review as indicated below.

Research questions
This study addresses the following research issues to establish the role of TVET in SDGs.

Question 1: What role does TVET colleges and STEM play in SDG goals?

Question 2: What are some of the emerging trends in technology that address community challenges?
Search strategy

The search for resources was conducted using several digital libraries that were employed to search for

various resources. The digital libraries that were used includes Google Scholar, SCOPUS
(https://www.scopus.com/) and Web of Science (WOS) (www.webofknowledge.com)

Thus, these databases were preferred due to their international recognition and the standards they use
to index articles. The databases have more content on the issues investigated. After selecting the
databases, the descriptors and keywords were chosen as well as the search equations were formed. To
get the best output, countless Boolean search strings were formed. The strings were used to string the
keywords searched in a structured way. Additional search terms were added to make sure that the results
encompassed the principal component factors.
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Search results

The initial search returned 30 articles from various databases. Titles and abstracts were sufficient to
remove articles that did not meet the inclusion requirements. About 25 full articles were checked that
were unclear if they were included in the keywords. Articles were screened against a fixed structure
based on the PRISMA method. After applying all the mentioned inclusion and exclusion conditions, 23
articles were selected for inclusion in this review. The first of these dates to 2011, thus from 2011, the
corresponding theme were developed. It is however, imperative to note that some important studies
may have been unintentionally skipped.

Search validation

The identification of respective well-known primary research by the search strings served as proof of
its validity. A prior search was done with a list of general search phrases, and a number of pertinent
papers were found. Kitchenham and Charters, (2007) stated that using list of articles and the
publications is crucial for the search phrases to be validated before the review is started.

Additional search criteria
Digital libraries also formed the foundation of the search method. In contrast, all primary sources were
scrutinised for additional pertinent citations.

Study selection criteria and procedures

A set of inclusion and exclusion conditions was applied to the entire list of primary studies disclosed
by the searches. The manner by which the inclusion and exclusion criteria was directed to the lists of
primary studies is highlighted below.

Inclusion criteria
The study explored the role of TVET in SDGs, therefore, the following inclusion criteria was applied:
* Only TVET college papers were included.
* The course includes the keywords, TVET, STEM, SDGs.
* All work must be published between January 2011 and 2023.
Other relevant studies such as letters were excluded from this study.

Exclusion criteria

Studies that met the following criteria were excluded from the review:

* Studies that did not report on the TVET in relation to SDG.

* Publications/reports for which only an abstract or a PowerPoint slideshow was available.

Choosing primary sources

A review of the title, keywords and abstract served as the basis for the initial selection of primary
sources. Only the primary sources that seemed to be entirely unrelated were excluded. Hence, to
compare all primary sources against the inclusion/exclusion criteria specified above, full copies of all
those that were included during this initial selection process were obtained.

As advocated by Kitchenham and Charters, (2007), every primary sources entry in the bibliography
database has been updated to reflect whether it has been used in the review and the justification for this.

Data extraction strategy

To respond to each of the research questions, the study only retrieved data from the chosen studies. The
publication containing the most inclusive information on the study was included if publications
contained the same information about the original study, as specified in the inclusion criteria.

Findings from Current Literature

Irikefe (2021) highlights the position of TVET as real tools to combat and control draught and
proliferation of countless crimes across Nigeria, specifically among the youth. Irikefe (2021) found
that the instrumentality of vocational training, especially in the form of short-term vocational training,
the provision of job-specific starter packs and post-training support, can go a long way in reducing
unfriendly events in communities. It is also proven that skills training and empowerment platforms are
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a focal stage to curb prevalent unemployment, growing poverty, increasing insecurity as well as
destabilisation of communities in countries.

Irikefe (2021) reveals that due to the lack of professional skills on the youths, some of them have
resorted to committing several terrible crimes to earn a living. Improving livelihoods is key to poverty
reduction as the United Nations has acknowledged the next decade a period of action to achieve
Sustainable Development Goals (SDGs). Auta (2022) observed the need for a universal partnership
with TVET to make sure that the sustainable development goals are realistically achieved. Auta (2022)
addresses some dimensions of the SDGs namely economic, social and environmental and regarding to
the economy, it advocated for adequate investment in agriculture and manufacturing. According to Auta
(2022) there is a need to build a solid partnership with vocational training institutions to train the
unemployed without regard to gender, tribal affiliation, religion and disabilities has been highlighted as
a solution to some of the challenges facing Nigerian society for sustainable green TVET.

Campbell, Kelly-Weber & Lavallee (2021) indicate that scholars from Ghana and Nigeria value and
advocate education as a process for social change and view both formal and informal education as
imperative development mechanisms. Campbell eta al., (2021) specified that Ghanaian and Nigerian
alumni identified separate pathways through which education leads to social change namely university
teaching and citizenship, voter, and human rights education.

Masoabi and Alexander (2021) stated that entrepreneurship education is becoming a requirement
worldwide, and is flourishing in response to increasing economic distress, innovation and
unemployment. On the other hand, pollution and climate change is a challenge Nwosu and Micah
(2017) therefore, if this change, then it must be disseminated through the correct channel like education.
Education, mainly the way it leads to vocational and skill acquisition, industrial and technological
progress, has always been the ideal, if not the only instrument for national growth, economic insight
and self-reliance and strengthening of citizenship. Therefore, TVET have a pivotal role for sustainable
development. According to Adediran and Ishola (2023), TVET extents education systems, from toys
for young children to sending children to school to learn science, engineering and technology.
Vocational training and SDGs work if they are well executed. Connecting TVET and SDGs is a main
issue that must be addressed if Nigeria is to meet its UN obligations and Sustainable Development
Goals agenda (Adediran and Ishola, 2023). Inclusive education promotes a fair and equal society which
is UN’s agenda by activating interest groups. Thus, schools, vocational centres, technical colleges and
universities should have high-quality teaching and training opportunities and well-trained teaching
staff.

Summary of Findings and key themes
Some major themes were identified in the study. The themes listed below serve as proof of this. Guided
by the findings and current literature, key themes were formulated evidenced by the following themes:
» Embracing ICT skills on TVET to address SDGs.
» Policy implementation in support of TVET and SDGs
» Collaboration of TVET with key stakeholders (government, schools, communities and NGOs)
» TVET qualifications agenda to offer a long-term vision to ensure future-oriented skills,
including green skills and skills for SDGs.

Conclusion

Current studies have shown the role of TVET Colleges in different parts of the world. In an effort to
understand different initiatives undertaken by the TVET Colleges, key stakeholders have to be engaged.
The Community engagement processes assist in understanding the SDGs and how the curriculum will
be redesigned. The required TVET Colleges curriculum with more focus on the STEM. The study argue
that appropriate understating and application of STEM concepts and discipline has a positive impact in
enabling SDGs to be achieved.
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ENHANCING SCIENCE EDUCATION THROUGH INNOVATIVE PARTNERSHIPS: THE
SCIENTIST-TEACHER-STUDENT PARTNERSHIP (STSP) APPROACH
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Abstract

Science education is essential in developing a knowledgeable and competent workforce, especially in
this present era of STEM-driven economy. This paper highlights the challenges faced in science
education, particularly in Malaysia, where a decline in students pursuing science streams poses a
significant concern. In order to address this issue, innovative and collaborative teaching strategies are
required to instil interest in science subjects among students. One such strategy is the Scientist-Teacher-
Student Partnership (STSP), a tripartite collaboration involving scientists, teachers, and students. This
paper discusses the importance of partnerships in science education, defines STSP, describes the
research process, and highlights the roles and benefits of each participant. The contributing factors
that affect the success of STSP are also examined in this paper. Lastly, this paper advocates the
importance of innovative partnerships in science education to enhance the quality of teaching and
learning.

Keywords: Partnership, science education, STSP approach

Introduction

In today's world, the mastery of science and technology is crucial for the development of knowledgeable
and competent human capital. This need for a scientifically literate workforce is reflected in national
agendas worldwide, including Malaysia's. The twelfth Malaysian Plan (2021-2025) has placed more
emphasis on the science, technology, engineering, and mathematics (STEM) workforce, under one of
the three dimensions identified, specifically the economic empowerment dimension. However, science
education faces significant challenges globally, with a particular concern in Malaysia being the
decreasing number of students pursuing science streams. Many are not interested in pursuing science
subjects as many perceived science subjects are difficult, ineffective teaching methodology, ad-hoc
changes in policies, and a low level of awareness of the demand for specialized talent in science or
STEM subjects at large. To address this issue and ensure a sustained interest in science subjects, a
collaborative and innovative approach to teaching is imperative. This paper explores the concept of
partnerships in science education, with a specific focus on the Scientist-Teacher-Student Partnership
(STSP) (e.g. Fadzil et al., 2019; Shein & Tsai, 2015; Ufnar & Shep- herd, 2019) as a means to expose
students to authentic science experiences.

Why Partnership?

Partnerships have become increasingly important in science education, as no individual or party can
effectively operate in isolation (e.g. Maina et al., 2021; McClusky & Farland-Smith, 2021; Munson et
al., 2013; Rushton, 2021). Collaborative efforts have long been recognized as a valuable strategy to
enhance student engagement and promote trans-disciplinary learning in STEM education.

Previous research on such collaboration (e.g., Fadzil et al., 2019; Hasanah & Tsutaoka, 2019; Saat et
al., 2021) discovered that students' perceptions changed in a positive direction after participating in a
scientists-teachers partnership programme. Students who had the opportunity to learn from scientists
were more motivated to learn STEM subjects. As a result, we should not underestimate the importance
of this collaboration in our efforts to reform science education. While mutual learning appears to be
ideal for science and STEM education, only a few mechanisms exist to support this cross-institutional
collaboration. The majority of studies have concentrated on the collaboration of scientists and teachers,
with little work done to understand how such partnerships influence science learning and the
mechanisms to ensure effective partnerships in science or STEM learning.
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The STSP approach enables science teachers to work closely with professional scientists, allowing them
to acquire the latest scientific knowledge and skills. In turn, professional scientists can make their
research more applicable at the societal level, while students gain direct exposure to authentic scientific
experiences and provide valuable feedback to scientists and teachers.

Definition of Scientist-Teacher-Student Partnership (STSP)

In this study, STSP is a mutually beneficial partnership involving upper secondary science teachers,
university scientists (in fields such as biology, chemistry, physics, and engineering), and secondary
science students (Saat & Fadzil, 2022). Through this collaboration, each party contributes to the
learning process, creating a rich environment for science education.

The Research Process

The STSP model involves several key steps, including planning, development of teaching and learning
modules and training workshops for the teachers. In biology for example, modules like "Introduction
to Stem Cell" are created for both students and teachers. Scientists train teachers in the use of these
modules, and teachers then conduct experiments in their classrooms, such as the isolation of rat bone
marrow mesenchymal stem cells. Additionally, students visit university laboratories to witness the
cultivation of cells, providing them with a first-hand view of the scientific process in this investigation.

After the modules had been implemented, scientists, teachers, and students were interviewed. They
were asked about their teaching and learning experiences, the usability of the modules, their experience
working with scientists, and the scientists' experience working with teachers. The students were also
guestioned about their learning experiences in such an environment, where both their teachers and the
scientists were present during the lessons. Figure 1 summarizes the flow of the research.
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Figure 1. Flow of the research

Role of Each Participant

Each participant in this partnership has a role to play in this STSP Model of partnership. The roles are

as follows:

. Role of Teacher: Teachers serve as mediators, instructional designers, and synchronizers of
concepts and terminologies. They benefit from gaining insight into the scientific inquiry
process, expanding their content knowledge beyond the syllabus, learning practical techniques,
and networking with universities.

21| Page



9% Hybrid International Conference of School of Science and Technology Education (SSTE)

. Role of Scientist: Scientists act as mentors, role models, and trainers, transferring knowledge
and coaching teachers. This partnership enhances their communication skills and enriches their
pedagogical abilities.

. Role of Student: Students are the end-users of the collaboration and provide feedback on
activities. Their benefits include enriched learning experiences, access to the scientific
community, expanded content knowledge, motivation through direct exposure, and a broader
perspective.

What Makes the Partnership Work?

There are several factors that affect the effectiveness of any partnership or collaborative work. Saat et
al. (2022) outlined the contributing factors for an effective partnership. The three factors are internal
factors which consist of two sub-categories, that is, the suitability of time and commitment; external
factors, that is, the support system and availability of resources; and the institutional factor, that is, the
application of curriculum-related activities. Table 1 explains the factors that affect the partnership, and
the sub-categories.

Table 1: Explanation of Contributing Factors in STSP (Saat et al., 2021)
Contributing Factors Sub-categories Explanation
(i) Internal Factors Suitability of Time Suitability of time of the
activities during formal or
informal classroom sessions
Commitments of teacher,
student, and scientist
(ii) External Factors Supporting System Supporting system at school
and university
Resources such as modules or
Availability of Resources guidebook to enhance the
transfer of knowledge
(iii) Institutional Factors Curriculum Related Activities The alignment of the
activities to the science
curriculum

Commitment

. Internal Factors: These include the suitability of the time allocated for
activities during formal or informal classroom sessions and the commitment of teachers,
students, and scientists.

. External Factors: Supporting systems in schools and universities play a crucial role, as do the
availability of resources, such as modules or guidebooks, to enhance the transfer of knowledge.
. Institutional Factors: Alignment of partnership activities with the science curriculum is

essential for integration into the educational system.
Figure 2 depicts the collaborating factors and the contributing factors in the partnership (Saat et al.,
2022).

Scientist-
Teacher-Student

Partnership
(STSP)

Figure 2. Factors Affecting Scientist-Teacher-Student Partnerships (Saat et al., 2022)
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Conclusion

Addressing the challenges of science education necessitates innovative solutions, one of which is smart
partnerships that bring together relevant stakeholders. Synergy among participants is critical for the
success of these collaborations, in which each participant understands and executes their role. Scientist-
Teacher-Student Partnership initiatives have the potential to improve science education by providing
students with authentic, engaging, and insightful learning experiences. In an ever-changing
technological landscape, fostering a strong scientific foundation is critical for the development of
competent and innovative individuals who can contribute to societal progress.
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TVET AND SUSTAINABLE DEVELOPMENT GOALS
PERCEIVE USE OF INFORMATION COMMUNICATION TECHNOLOGY FOR
INSTRUCTION OF MOTOR VEHICLE MECHANICS WORK TRADE IN TECHNICAL
COLLEGES IN ADAMAWA STATE.
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Abstract

The advent of Information and Communication Technology (ICT) worldwide has brought some
challenge to spheres of education and human endeavor specifically Technical, Vocational Education
and Training (TVET). It is therefore imperative to look at the use ICT in the effective Teaching and
learning Motor Vehicle Mechanic Work Trade (MVMW) courses in Technical Colleges in Adamawa
State for a well sustainable development in Nigeria. Three research questions guided the study. The
target population of the study consisted of twenty-four (24) MVMW Trade teachers in the three
Technical Colleges of Adamawa State Structured questionnaires were used for the data collection.
Mean and standard deviation was used for the analysis of the data. Out of the forty-five (45) structured
guestionnaire items, thirty-eight (38) were agreed/ accepted, while seven (7) were disagreed upon. The
findings among others revealed that MVMW trade teachers used Information and Communication
Technology (ICT) in Teaching and learning of Motor Vehicle Mechanic work trade in Adamawa State.
ICT has impacted positively in the teaching and learning in improving quality educational outcomes.
Recommendations were made based on the findings, among which are the followings: Alternative power
supply should be provided to Technical Colleges by Government and non-governmental organizations,
to enable Motor Vehicle Mechanic Work Trade teachers use Information and Communication
Technology facilities, organizing training and workshop on the use of ICT facilities for Motor Vehicle
Mechanic work Trade teachers should be on regular basis and to update teachers on relevant modern
software packages, the use of projector in teaching and learning situation, use of simulators to describe
the background knowledge on scientific findings and experiments, and use slides that contain
information that aids teaching and learning should be supply to Technical Colleges by Government and
non-governmental organizations for a functional practical skills in achieving sustainable development
goals to our teeming youths in Motor Vehicle Mechanic Work Trade.

Keywords: Technical College, Motor Vehicle Trade, Teaching & Learning And Information
Communication Technology (lIct).

Introduction

Technical College is an institution that provides trade courses in Technology; which involves the
teaching of Science, Technology, Mathematics, Business and Engineering Craft. It prepares students
for careers into various occupations. Technical Colleges in Nigeria are established purposely to produce
crafts men at the craft level and master crafts men at advance craft level (Audu, Aede and Muhammad,
2014). The training programmes of Technical College are classified into clusters of areas of
specialization, termed as trades. National Business and Technical Examination Board (NABTEB, 2015)
Identified traders offered in Nigerian Technical Colleges which includes Motor Vehicle Mechanic
Work Trade (MVMW) Block Laying and Concreting Carpentry and Joinery, Welding and Fabrication.
Business trade, Computer trade, Electrical and Electronic trade, Hospitality, Printing trade, plumbing
trade, Textile and General Education.

Similarly, Technical Colleges are established purposely to produce craftsmen in various disciplines.
Okoye and Okwelle (2017) stressed that the main purpose of technical colleges in Nigeria is to kindle
technological and industrial development by developing and utilizing technologies for industrial and
economic advancement. It contributes towards the development of good citizenship by developing the
physical, social, civic, cultural and economic competencies of the individual (Saidu & Ajuji, 2017).
Motor Vehicle Mechanic Work Trade (MVMW) as a trade offered in Technical Colleges, is refers to a
vocational trade geared towards producing competent Motor Vehicle Mechanics with sound practical
skills, knowledge and ability to diagnose and carryout repairs and maintenance on motor vehicles.
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MVMW as a trade is offered at technical College level leading to the award of National Technical
Certificate (NTC) and Advance National Technical Certificate (ANTC) for craftsman and master
respectively. In the same vein, MVMW trade is part of the approved trade under the National Board of
Technical Education Board (NATEB) who are shouldered with the responsibility of monitoring and
evaluating trade courses in Technical Colleges in Nigeria.

Teaching and learning in MVMW trade is pragmatic in nature, that is, learning by doing. It is a process
that includes many variables, these variable interact as learners work towards their goals and incorporate
new knowledge behavior and skills that add to their range of learning experiences. Mustapha (2011)
further confirmed that Information Communication Technology (ICT) facilities can accelerate, enrich
and deepen basic skills; motivate and engage students in academic, experiences. Unfortunately most of
the graduates of Motor Vehicle Mechanic Works Trades (MVMW) are deficient and do not possess
requisite skill needed in the labour market, as a result of the recent increase of modern changes in
technology, the incorporation of modern technology in motor vehicles and machine tools industries.

Adegbemile, (2012) identified (ICT) package that can promote skill acquisition and self-reliance in the
teaching and learning motor vehicle mechanic works trade, which includes Computer Assisted
Instruction (CAI), Web Based System, Computer Aided Design(CAD), Auto Card, Graphic package,
Power Point Application, Tutorial. Packages like Computer Conferencing, Internet Interactive, Video,
CD Rom and many others assist a lot. Motor Vehicle Mechanic Trade (MVMW) Teachers ICT skills
needed include their ability to use the wide variety of technology related tools and their application to
classroom teaching, in particular, and to the totality of teaching-learning process in general. Knowledge
and Skill of ICT is necessary for effective teaching and learning. The major challenge to teacher
education in Nigeria is that of insufficient knowledge and skills in teaching using ICT (Rastogi &
Malhotra, 2013). ICT skill is a necessity for all teachers to guarantee relevance of the system and its
products in the 21st century. Many Technical Colleges in Nigeria still operate the traditional education
system with little or no adaptation to ICT. To benefit from the ubiquity of information and to facilitate
communication among professional networks, school teachers need, not only to be trained and re-
trained in ICTs, but also facilities must be provided by government to enable teacher and their students
access Information Communication Facilities. In a study by (Odede & Enakerakpo, 2014), the
researchers stated that if teacher possess adequate ICT skills, they can efficiently make use of the
internet and other online teaching application.

The fact that information and communication Technology (ICT) has move into the society so rapidly.
Thus the need arises for everyone to quickly acquire basic Information and Communication Technology
skills. Although skills depend essentially on learning, it also includes the concept of efficiency and
economy in performance. Skills, in general, should be understood as being something that can be learnt
and improved with practice. ICT skills also known as digital competency, involve confident and critical
use of ICT in the general population and provide the necessary context (Knowledge, Attitude and Skills,
KAS) for working, living, and learning in a society (UNESCO, (2015).

In Motor Vehicle Mechanic Works (MVMW) Trade, teaching and learning includes interaction
between the teacher, the component, or the concept and the learner as the learner works towards
acquiring the new information, knowledge, skills to their range of learning experience. ICT is an
extensional term for Information Technology (1.T) that stress the role of unified communication and the
integration of telecommunication, (telephone phone lines, and wireless signals) and computers as well
as necessary enterprises software, middle ware storage and audiovisual that enable users to access, store,
transmit, understand and manipulate information. Oluwatumbi (2015) stressed that teaching and
learning of a particular Technical trade demands engagement of students with array of ICT facilities
that will arouse the interest of students. It is pertinent to note that for a student of MVMW trade to
practice optimum level, he need to acquire modern and relevant ICT knowledge and skills to
competently perform.

Statement of the Problem
Knowledge and Skill of ICT is necessary for effective teaching and learning. The major challenge to
teacher education in Nigeria is that of insufficient knowledge and skills in teaching using ICT (Rastogi
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& Malhotra, 2013). ICT skill is a necessity for all teachers to guarantee relevance of the system and its
products in the 21st century. Many schools in Nigeria still operate the traditional education system with
little or no adaptation to ICT. To benefit from many information and to facilitate communication among
professional networks, school teachers need, not only to be trained and re-trained in ICTs, but also
facilities must be provided by government to enable teacher and their students access to remain
uninterrupted, more so that the world is gradually becoming a global village. For our future teachers to
be able to operate effectively and efficiently, they must imbibe the new technologies and methodologies
of the modern times (Mohammed & Yarinchi, 2013). In today’s rapid technological changes, it is
imperative to undertake ICT skills assessment to encourage a consultative approach towards identifying
workforce skills and key areas of learning and development.

There is low utilization and sometimes non - availability of information and communication
Technology (ICT) facilities in teaching of Motor Vehicle Mechanic Work Trade in Technical Colleges.
The pattern of teaching adopted by teachers today is mostly abstract in form, without been supported
by the use of appropriate aids. In other cases, instructional materials are not readily available for use by
its teachers. Consequently, the end result is producing half bake or unqualified Motor Vehicle Mechanic
Work graduates without the requisite competency on modern technics in diagnosis and repairs of
modern Motor Vehicles.

Purposes of the Study

The main purpose of this study is to examine the use of Information and Communication Technology

(ICT) for effective teaching and learning of Motor Vehicle Mechanic Work Trade (MVMW) in

Technical Colleges in Adamawa State specifically the study is to:

i Determine the impact of Information and Communication Technology (ICT) in teaching and
learning of Motor Vehicle Mechanic Work Trade in Adamawa State.

ii. Determine the challenges of using ICT in teaching and learning of Motor Vehicle Mechanic
Work Trade using Information and Communication Technology (ICT) in Adamawa State.

iii. Ascertain the benefits of using ICT in teaching and learning Motor Vehicle Mechanic Work
Trade using Information and Communication Technology (ICT) in Adamawa State.

Research Questions

The researcher provides answers to the following questions:

i What are the impact of Information and Communication Technology (ICT) in teaching and
learning of Motor Vehicle Mechanic Work trade in Adamawa state?

ii. What are the challenges of using ICT in teaching and learning of Motor Vehicle Mechanic
Work trade using Information and Communication Technology (ICT) in Adamawa state?

iii. What are the benefits of using ICT in teaching and learning Motor Vehicle Mechanic Work
trade using Information and Communication Technology (ICT) in Adamawa state?

Methodology

This study employed descriptive survey research design. According to Akuezuilo & Agu (2017)
descriptive survey is a study which aimed at collection of data and describing in systematic manner, the
characteristics feature or facts about a given population. The research design refers to the overall
strategy that you choose to integrate the different components of the study in a coherent and logical
way, thereby, ensuring you will effectively address the research problem; it constitutes the blueprint for
the collection, measurement, and analysis of data.

The study was conducted within Technical Colleges in Adamawa State. Adamawa State occupies about
36.917 square kilometers. It bordered by Borno State to the Northwest, Gombe State to the West and
Taraba State to the South West. Its Eastern border is with Cameroon. Topographically it is a
mountainous land crossed by the large river village. Benue Gongola and Yedsarem. Adamawa lies
between latitudes 7028 — 10056/N and longitudes 110301 — 130 — 130 — 75 /E there are five educational
zones in Adamawa State comprises of Numan zone, Ganye zone, Yola zone, Gombi zone and Mubi
zone and three technical College are in Adamawa one in Mubi one in Numan and one in Yola.
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The population of the study was twent-four (24) Teachers teaching Motor Vehicle Mechanic Work
Trade from the three (3) Technical Colleges in Adamawa State. Which comprises of Government
Science and Technical College Mubi, eight (8) MVMW trade Teachers, Government Science and
Technical College Yola, Nine (9) MVMW trade Teachers and Government Science and Technical
College Numan, with seven (7) MVMW trade Teachers respectively, making a total of twenty two (24)
Motor Vehicle Mechanic Work Trade Teachers. (Source 2021. Statistic Office Post Primary School
Management Board Yola, Adamawa State)

Sample size and Sampling Techniques

Three (3) Technical Colleges were selected using purposive sampling techniques, that is all the Motor
Vehicle Mechanic Work Trade Teachers were considered from the three selected Technical Colleges
in Adamawa State having a total of 24 Motor Vehicle Mechanic Work Trade Teachers

The instrument used for collecting data in this study was a structured questionnaire which comprises a
four- point rating scale which is as follows:

Strongly Agreed (SA) 4 Point
Agreed (A) 3 Point
Disagreed (SD) 2 Point

Strongly Disagreed (D) 1 Point

The instrument was subjected to face validation by three (3) experts from the School of Secondary
Education Technical Federal College of Education Colleges of (Technical) Gombe. All observations
and adjustments made by the experts were considered in the final copy of the instrument.

Structure Questionnaires was administered to the respondents by the researcher. The consent of the
respondents was obtained by the researcher before administering the questionnaire.

The data was obtained from the respondents in each questionnaire items was computed and tabulated
into frequency table. The data collected was analyzed using mean. The mean is the most accurate and
representative of measure of central tendency which is often represented by the symbol X can be
described as the sum of the individual score divided by the number of cases which also is represent by
N. the mean can be referred to as the arithmetic average of a group of score Mean.

The decision rule was based on the four- point rating scale where Mean response that are 2.5 points and
above was regarded as positive (Agree) while those below was regarded as negative (Disagreed).

Research Question One
(1) What are the impacts of Information and Communication Technology (ICT) in teaching and
learning of Motor Vehicle Mechanic Work trade in Adamawa state?

Table 3: Opinion of respondents on the impact of Information and Communication Technology
(ICT) in teaching and learning of Motor Vehicle Mechanic Work trade in Adamawa
state.

SIN | Question SA|A | SD | D | Mean | Remarks

X

1 Information and Communication Technology aid | 8 1412 |0 270 | Agreed
the teacher, students during teaching and learning of
Motor Vehicle Mechanic work trade when teaching
on engine component

2 Using Network Computing Device (NCD) machine, | 7 |11 |2 |4 |2.80 | Agreed
slide and digital multimedia help to balance theory
and practical aspect as picture of the component can
be seen as they operate

3 Slide/overhead projectors are used in teaching four | 8 |9 |5 2 | 295 | Agreed
strokes cycle concepts of engine operation
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4 The use of Information and Communication |5 |15(0 |4 |2.87 | Agreed
Technology provide a clear understanding of the
concept in teaching Motor Vehicle Mechanic Work
Trade especially the injector pump operations

5 The use of Information and Communication |8 |8 |2 6 | 275 | Agreed
Technology help ease teachers during lesson
preparation of the topic to be treated

6 The number of computers needed are provided in |2 |2 |7 |13 | 170 | Disagreed
relation to the number of the students of Motor
Vehicle Mechanic Work Trade

7 There are no enough Network Computing Device |8 |8 |2 |6 | 275 | Agreed
(NCD) machine in the Technical Colleges for
effective teaching and learning Motor Vehicle
Mechanic Work Trade

8 All teachers of Motor Vehicle Work Trade have | 7 |4 |5 |8 |241 | Disagreed
sufficient knowledge of the application of ICT
equipment in teaching and learning of Motor
Vehicle Mechanic Work Trade

9 ICT assist in learning simulation of wvehicle |8 |14|2 |0 |270 | Agreed
operations
10 | Using ICT helps teachers in better ways of |8 |9 |5 |2 |295 | Agreed
explaining scientific concepts
11 | Students understands practical stages better through | 7 |8 |8 |0 |2.83 | Agreed
the use of ICT
12 | Students grasp better some workshop processes |8 |7 |8 |1 |291 | Agreed
better when taught without ICT
13 | Some workshop safety practices were clearly |9 |8 |7 |0 |3.08 | Agreed
understood using ICT
14 | Physical views of various MVM workshop |8 |8 |7 |1 |295 | Agreed
organizations were clearly taught when using ICT
15 | Using ICT simplifies better understanding of ({8 |9 |5 |2 |295 | Agreed
systems in MVMW
Key: No. of Teachers = 24 SA = Strongly Agreed A = Agreed SD = Strongly Disagreed D= Disagreed
X = Mean —

Table: 3 above represent mean responses on the impact of Information and Communication Technology
(ICT) in teaching and learning of Motor Vehicle Mechanic Work trade in Adamawa State. The
respondents agreed with items comprising 1,2,3,4,5,7,9,10,11,12,13,14, and 15 having a mean above
the average mean. While, item 6 and 8 was disagreed with mean average of 1.70 and 2.41. This clearly
showed that Information and Communication Technology (ICT) is having an impact in teaching and
learning of Motor Vehicle Mechanic Work trade Information and Communication Technology aid the
teacher, student during teaching and learning of Motor Vehicle Mechanic work trade when teaching on
engine component, using Network Computing Device (NCD) machine, slide and digital multimedia
help to balance theory and practical aspect as picture of the component can be seen as they operate,
Slide and overhead projectors are used in teaching four strokes cycle engine operation, The use of
Information and Communication Technology gives a clear understanding of the concept in teaching
Motor Vehicle Mechanic, The use of Information and Communication Technology help teachers during
lesson preparation of the topic to be treated and There are no enough Network Computing Device
(NCD) machine in the Technical Colleges for effective teaching and learning Motor Vehicle Mechanic
Work Trade these are the impact of Information and Communication Technology (ICT) in teaching and
learning of Motor Vehicle Mechanic Work trade in Adamawa State.

Research Question Two.

(2) What are the challenges of using ICT in teaching and learning of Motor Vehicle Mechanic
Work trade using Information and Communication Technology (ICT) in Adamawa state?
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Table 4: Opinion of respondents on the challenges of using ICT in teaching and learning of Motor
Vehicle Mechanic Work trade using Information and Communication Technology
(ICT) in Adamawa State

S/N | Question SA | A | SD | D | Mean | Remarks

X

16 | Power failure affects the use of Information and |18 |4 |1 |1 |3.62 | Agreed
Communication Technology for effective teaching
and learning Motor Vehicle Mechanic Work Trade
17 | Lack of relevant software packages affect effective |8 |12 |0 |4 |3.00 | Agreed
teaching /learning of Motor Vehicle Mechanic Work
Trade

18 | Teachers reluctance to the new Technology amount | 11 |6 |0 |4 |3.16 | Agreed
to ineffective use of Information and
Communication Technology in teaching Motor
Vehicle Mechanic Work trade.

19 | Some Motor Vehicle Mechanic Work Trade teachers |9 |12 |3 |0 | 3.25 | Agreed
lack the knowledge and skills of using Information
and Communication Technology

20 | Time allocated in the teaching time table whichis45 |6 |5 |4 |9 | 228 | Disagreed
minute per period is not enough for teacher to
effectively use the ICT facilities in Teacher Motor
Vehicle Mechanic Work Trade

21 | Lack of planning using ICT facilities by the teachers | 6 |16 |1 |1 | 3.12 | Agreed
teaching Motor Vehicle Mechanic Work Trade
effect the effectiveness teaching topics in Motor
Vehicle Mechanic Work Trade

22 | Inability of teacher to use computer hinders the |7 |13 |0 |4 | 295 | Agreed
effectiveness of their teaching and learning
23 | Lack of projector in the Technical Colleges effectthe | 7 |12 |2 |3 | 2.96 | Agreed
efficiency of teaching transmission unit.
24 | Teachers Inadequate knowledge of power point |12 |4 |8 |0 |3.16 | Agreed
presentation
25 | Availability of ICT facilities in the school. 10 |8 |6 |0 |3.16 | Agreed
26 | Non Availability of current learning packages on |9 |10|5 |1 |3.20 | Agreed
modern vehicles system
27 | Lack of ICT assistance in the school 9 |9 |4 |2 |3.04 | Agreed
28 | MVMW trade doesn’t have software programs |11 |7 |5 1 (3.16 | Agreed
relevant to the curriculum
29 | Lack E — learning materials 12 |8 |4 |0 |3.33 | Agreed
30 | Lack of Standard ICT studio 11 {9 |4 |0 |3.29 | Agreed
Key: No. of Teachers = 24. SA = Strongly Agreed, A = Agreed, SD = Strongly Disagreed D=
Disagreed, X= Mean -

Table: 4 above represent mean responses on the challenges of using ICT in teaching and learning of
Motor Vehicle Mechanic Work trade using Information and Communication Technology (ICT) in
Adamawa State. The respondents agreed with items comprising of 16, 17, 18, 19, 21 ,22, 23, 24, 25,
26, 27, 28,29 and 30 with mean is above average. While item 5 was disagreed with mean average of
2.28. This clearly showed challenges of using ICT in teaching and learning of Motor Vehicle Mechanic
Work trade using Information and Communication Technology (ICT) in Adamawa State are, Power
failure affect the use of Information and Communication Technology for effective teaching and learning
Motor Vehicle Mechanic Work Trade, Lack of relevant software packages affect effective teaching
and learning of Motor Vehicle Mechanic Work Trade, Teachers reluctance to the new Technology
amount to ineffective use of Information and Communication Technology in teaching Motor Vehicle
Mechanic Work trade, Some Motor Vehicle Mechanic Work Trade teacher lack the knowledge and
skills of using Information and Communication Technology, Lack of planning using ICT facilities by
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the teachers teaching Motor Vehicle Mechanic Work Trade effect the effectiveness teaching topics in
Motor Vehicle Mechanic Work Trade, Inability of teacher to use computer hinders the effectiveness of
their teaching and learning and Lack of projector in the Technical Colleges effect the efficiency of
teaching transmission unit. Challenges of using ICT in teaching and learning of Motor Vehicle
Mechanic Work trade using Information and Communication Technology (ICT)

Research Question Three
(3) What are the benefits of using ICT in teaching and learning Motor Vehicle Mechanic Work
trade using Information and Communication Technology (ICT) in Adamawa state?

Table: 5. Opinion of respondents on the benefit of using ICT in teaching and learning Motor
Vehicle Mechanic Work trade using Information and Communication Technology
(ICT) in Adamawa State

S/N | Question SA | A | SD | D | Mean | Remarks

X

31 | The use of Information and Communication |7 |14 |2 1 (312 | Agreed
Technology provides students cognitive knowledge
of a concept during teaching/learning of two strokes
cycle

32 | Computer can display the operation of a process |7 |6 |3 |8 | 262 | Agreed
when use in teaching Motor Vehicle Mechanic Work
such as cam shaft and crank shaft arrangement

33 | Information and Communication Technologyenable |6 | 112 |5 | 275 | Agreed
teacher and students to manipulate all the ICT
facilities to draw diagrams, chart and drawing of
vehicle part

34 | The use of Information and Communication |8 |12 |1 |3 |3.04 | Agreed
Technology can produce Motor Vehicle Mechanic
Work Trade graduates with a sound knowledge on
ICT usage and fit in the world of work when
employed

35 | The use of Information and Communication |8 |14 |1 1 (312 | Agreed
Technology in Teaching Motor Vehicle mechanic
work trade can provides students wide knowledge of
modern vehicle in diagnosis and electronic use in
Motor Vehicle Mechanic Work Trade

36 | Use of optical fibers, videos digital multimediacan | 6 | 16| 1 1 |3.12 | Agreed
aid in the display of wvehicle frame, and the
transmission arrangement in the teaching process

37 | Some teachers see the utilization of ICT facilitiesin |7 |13 |0 |4 | 295 | Agreed
teaching Motor Vehicle Mechanic Work Trade
topics like piston reciprocation in a cylinder as
simple than drawing it

38 | The use of diagnosing machine help the students | 7 |12 |2 |3 | 296 | Agreed
Motor Vehicle Mechanic Work Trade in detecting
fault on engine during practical

39 | Some ICT soft wares allows an interactive sessionby | 7 |7 |2 |8 | 275 | Agreed
both teachers, students and the outer world
40 | Rehearsals that aids permanent learning are allowed | 11 |8 |5 |0 | 3.25 | Agreed
when using ICT
41 | Easy marking of work is carried out when using ICT |10 |7 |6 |0 | 3.04 | Agreed
42 | Results are easily recorded when test are conducted | 9 6 |7 2 1291 | Agreed
with ICT
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43 | Electronics systems can be easily identify when |9 |8 |5 |1 |295 | Agreed
learning using ICT
44 | System location on vehicles is made easier using ICT | 10 |9 |5 |0 | 3.20 | Agreed
45 | Alot of content coverage is possible whenusing ICT |8 |9 |5 |1 |291 | Agreed
Key: No. of Teachers = 24 SA = Strongly Agreed A = Agreed SD = Strongly Disagreed D= Disagreed
Mean = X S

Table 5 above represent mean responses on the benefit of using ICT in teaching and learning Motor
Vehicle Mechanic Work trade using Information and Communication Technology (ICT) in Adamawa
State. The respondents agreed with items comprising all 15 items are agreed upon. This clearly showed
that there are benefits of using ICT in teaching and learning Motor VVehicle Mechanic Work trade using
Information and Communication Technology (ICT) The use of Information and Communication
Technology give students true knowledge of a concept during teaching and learning of two stroke cycle,
Computer can display the operation of a process when use in teaching Motor Vehicle Mechanic Work
such as cam shaft and crank shaft arrangement, Information and Communication Technology enable
teacher and students to manipulate all the ICT facilities to draw diagrams, chart and drawing of vehicle
part, The use of Information and Communication Technology can produce Motor Vehicle Mechanic
Work Trade graduates with a sound knowledge on ICT usage and fit in the world of work when
employed, The use of Information and Communication Technology in Teaching Motor Vehicle
mechanic work trade can give student wide knowledge of modern vehicle in diagnosis and electronic
use in Motor Vehicle Mechanic Work Trade, Use of optical fibers, videos digital multimedia can aid in
the display of vehicle frame, and the transmission arrangement in the teaching process and The use of
diagnosing machine help the students Motor Vehicle Mechanic Work Trade in detecting fault on engine
during practical these are the benefit of using ICT in teaching and learning Motor Vehicle Mechanic
Work trade using Information and Communication Technology (ICT)

Summary

This research work focused on the use of Information and Communication Technology for effective
teaching and learning of Motor Vehicle Mechanic work trade in Technical Colleges in Adamawa State.
The study was guided by three research questions and three objectives the data was obtained using
structure Questionnaire. This was administered to Twenty-four (24) teachers. Purposive sampling was
used. Data collected for the study were analyzed using mean. Based on the findings of the study it was
reveals that Information and Communication Technology (ICT) has an impact in teaching and learning
of Motor Vehicle Mechanic Work trade Information and Communication Technology aid the teacher,
students during teaching and learning of Motor Vehicle Mechanic work trade when teaching on engine
component, Using Network Computing Device (NCD) machine, slide and digital multimedia helps in
balancing theory and practical aspect as picture of the component can be seen as they operate, Slide and
overhead projectors are used in teaching four strokes cycle engine operation.

Discussion of the findings

The data collected was analyzed and findings inferred the discussion of the findings are arranged
according to research questions in identifying the impact of information and communication
Technology (ICT) facility for effective teaching and learning motor vehicle Mechanic Work Trade in
Technical Colleges in Adamawa State. Some Motor Vehicle Mechanic Work trade teachers agreed that
if information and communication Technology facilities are use in Teaching and learning of Motor
Vehicle Mechanic Work Trade subjects it can have a great impact in the teaching and learning process.

In identifying the challenges of using ICT in teaching and learning Motor vehicle Mechanic Work
Trade, Some teachers agreed that there is a challenge in using ICT facilities in Teaching and learning
of Motor Vehicle Mechanic Work Trade as a result of power failure, lack of relevant soft were package,
Teachers reluctance to new technology, lack of knowledge of ICT facilities by some Motor Vehicle
Mechanic Work Trade Teachers inabilities of teachers to use computer and lack of projector in teaching
Colleges of Adamawa State.

Regarding responses on the benefit of using ICT facilities for effective teaching and learning of Motor
Vehicle Mechanic Work Trades in Adamawa State, teacher agreed that the use of ICT facilities has a
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great benefit to both student and the teachers of Motor VVehicle Mechanic Work Trade as it give students
true knowledge of any aspect of the Motor Vehicle part during learning, it can display the operation of
a process when use in teaching Motor Vehicle engine component; can produce Motor Vehicle
Mechanic Work Trade graduate with a sound knowledge on ICT usage and fit in the world of work
when employee it give Motor Vehicle Mechanic Work trade knowledge of modern vehicle in diagnosis
and electronic use in Motor Vehicle.

Conclusion

It was the purpose of this study to find out whether it using information and communication Technology
ICT can help to promote knowledge development of students and to help the teacher of Motor Vehicle
Mechanic Work Trade in Teaching and learning in Technical Colleges of Adamawa State. It was as
well the purpose of the study that the findings of the research shall be used to suggest the possible
solution to the Adamawa State Government where the ICT equipment are not being use and where
inadequate used is not been given priority, also where the computer are not enough to meet requirement
of the teachers of Motor Vehicle Mechanic Work Trade in Adamawa State.

The government from review of literature on the application of ICT facilities in Teaching Mechanical
Trade place high premium on the issues of the use of ICT on teaching and Motor Vehicle Mechanic
Work Trade Subject.

Among the major short falls observed from the survey of the schools. It was discovered that there are
school where the ICT equipment do not exist at all and the teachers are not even literates. In the field
of ICT as a result it can hinder the use of ICT facilities it there are, and in some of the schools there are
computers but are not use in teaching Motor Vehicle Work Trade subject. But are only use for teaching
ICT as a subject and typewriting of which it cannot facilitate the use of ICT in the area of Motor
Vehicle Mechanic Work trade.

It is therefore hoped and believed that other researches, the government in the state as well as the
ministry of Education or and education body and planners in their efforts to find out the necessary
implementation problems of ICT equipment utilization for the teaching Motor Vehicle Mechanic Work
trade. Programme as well as to resolve such problems Government should show enough interest and to
provide a lasting solution to the lack of using ICT facilities and equipment for effective teaching and
learning Motor Vehicle Mechanic Work trade subjects enumerated as the findings and put to use the
finding on ICT for the growth, progress and development of ICT and use in teaching and learning of
Motor Vehicle Mechanic Work trade subjects.

Recommendations

Base on the findings of the study the following recommendation were made.

1. Alternative power supply should be provided to Technical Colleges by Government and non-
governmental organization, to enable Motor Vehicle Mechanic Work Trade teachers use
Information and Communication Technology facilities.

2. Training and workshop on the use of ICT facilities for Motor Vehicle Mechanic work Trade
teachers should be organized regularly to update teachers.
3. Relevant software packages, projectors, simulators and slide should be supply to Technical

Colleges by Government and non-governmental organization for the use by Motor Vehicle
Mechanic Work Trade teachers.

4. Projectors, slides and computers should be used during teaching of Motor Vehicle Mechanic
Work Trade subject.
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Abstract

The electrical Distribution Network (DN) delivers generated electrical power to its final consumers.
However, a significant portion of the power generated is lost in the distribution process due to the
radial nature of the network resulting in substantial operating costs. This problem has been solved
previously using optimal reconfiguration of the DN, but cannot achieve a global optimum solution and
high cost-benefit. Therefore, this study developed an optimal reconfiguration of DN with the
incorporation of a distributed generator using the Whale Optimization Algorithm (WOA) to maximize
the cost-benefit for sustainable development.

The line and load data for the Ayepe 34-bus system, Osogbo, were collected from Ibadan Electricity
Distribution Company (IBEDC), Ibadan. In contrast, the IEEE 33-bus system was sourced from the
Institute of Electrical Electronic Engineers (IEEE) database. Then, the load flow analysis was
performed on the distribution network using the forward/backward sweep technique to determine the
initial state of the DN. The objective function of the cost-benefit was formulated using the costs of the
DG, tie switches, and active power purchased over a twenty-five years planning period. The WOA was
utilized for optimal DN reconfiguring after the DG had been analytically placed in the DN to maximize
the formulated cost-benefit. The effectiveness of the developed model was validated on the IEEE 33-bus
DN and implemented on the Ayepe 34-bus DN for different scenarios; base case, DG only,
reconfiguration only, and DG with reconfiguration. The performance metrics used were active power
loss, voltage profile, and cost-benefit.

The result of DG with reconfiguration gave a better power loss reduction, voltage profile, and cost-
benefit compared to reconfiguration only. Hence, this research can be employed in electrical power
systems for future expansion and effective DN planning.

Keywords: Distribution Network, Electrical Power, Reconfiguration, Distributed Generator

Introduction

In power system operation, electrical distribution system (DS) is the final stage of the electrical energy
supply chain, where electricity is delivered to individual consumers via a radial network. The fact is
that the operating cost in the distribution system is huge with power system losses accounting for the
majority of the cost. Technically, power losses reduce the total voltage profile of the network,
particularly in systems that are heavily loaded (Kashyap et al., 2022). Because of the need for better
service quality and better use of available energy, the problem of minimizing distribution system losses
has been a major focus for researchers and utility companies.

Distribution systems are planned as radial systems, with tie (Normally Open, NO) and sectionalizing
(Normally Close, NC) switches playing an important part in deciding the system's architecture (Prakash
and Lakshminarayana, 2018). As a result, in order to effectively manage the open/close status of
sectionalizing and tie-switches in the distribution system network, the process of reconfiguration is done
by altering the feeder topological structure (exchanging the functional links between its elements).
Hence, reconfiguration is the process of varying the topology of distribution network by changing the
closed/open status of sectionalizing and tie switches while satisfying the system constraints. (Prasad et
al., 2005; Abubakar et al., 2015; Badran et al., 2017).
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Due to the possible switching combinations, reconfiguration of distribution systems is a complicated
combinatorial, non-differentiable constrained optimization problem (Abubakar et al., 2015). Many
researchers have created and used a variety of methods to address the reconfiguration issue, such as
branch and bound techniques, analytic approaches, heuristic approaches, expert systems, linear
programming, artificial intelligence. The problem of network reconfiguration was previously defined
as a single objective function targeted at lowering active power losses in the network (Abdelaziz et al.,
2012). However, one of the key drawbacks of these studies is that their findings do not guarantee a
successful solution, raising the risk of becoming caught in local minima. The challenges of distribution
network can be organized into objective functions that can be reduced while adhering to certain
constraints and boundaries. (Nagaballi & Kale, 2021).

Problem Statement

The process of connecting cables from one point to other and switching of electrical appliances cause
electrical power loss in form of heat (1°R) of about ten to twenty percent of total power supply. It may
also causes voltage drop which are dangerous or hazardous to electrical equipment being used by the
consumers and in turn result into loss of income or profit to the utility company. Power loss is inevitable
on distribution network and it is very important to keep voltages at load points within standard limits.
Although, considerable number of researchers have used diverse conventional methods such as
Newton-Raphson, Gauss-seldel to solve these problems, but most of these techniques are laborious and
time consuming. This work therefore, proposed to reduce electrical power loss along radial distribution
networks, improved voltage magnitude across line and determined economic cost-benefit by the
reconfiguration of radial distribution network with incorporation of DG using whale optimization
algorithm.

Aim and Objectives

The aim of this research is to use the reconfiguration of radial distribution network with the
incorporation of Distributed Generator for determining cost benefit using Whale Optimization
Algorithm for sustainable development.

The specific objectives were to:
i. formulate an objective function for the optimal reconfiguration of an electrical distribution

network;

ii. incorporate and simulate the formulated objective function in (i) into Whale Optimization
Algorithm;

iii. carry out performance evaluation of WOA in objective (ii) on a standard IEEE-33-bus
radial distribution system and Ayepe-34-bus distribution system using power loss, voltage
profile and cost benefit as metrics.

Methodology

The forward/backward sweep load flow was adopted and used to determine the base case of the system.
The WOA was then used for the optimal reconfiguration of the radial distribution network. WOA was
chosen due to its effectiveness in solving complex optimization problems.

Data required for carrying out the research was collected from the Ibadan Electricity Distribution
Company, Ayepe and IEEE 33-bus system was sourced from the IEEE database. The data captured the
network diagram, rating of each transformer, capacity of feeder and the length between each connected
transformer. The WOA and the objective function was implemented in MATLAB R(2020a)
environment. Thereafter, the performance of the Whale Optimization Algorithm, when applied to a
standard IEEE 33-bus radial distribution network and Ayepe 34-bus distribution network, was evaluated
using the Loss Reduction Index and Voltage Profile Improvement Index.

Algorithm for Distribution Network Load Flow with and without Compensation
The simulation was carried out according to the algorithm steps hereunder;

Step 1: Read the distribution networks line data and bus data.
Step 2: Determine the initial status of the tie switches of the radial distribution network.
Step 3: Calculate the node current injection matrix. The relationship can be expressed as:
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=[] = [ @
Step 4. Calculate the NIBC matrix
Step 5: Evaluate the branch current by using Node Injection to Branch Current (NIBC) matrix
and Equivalent Current Injection Matrix (ECI). The relationship can be expressed as-
[1g] = [NIBC][I] (2.0)
Step 6: From the Branch Current to Node Voltage (BCBV) matrix
The relationship can be expressed as-
[AV] = [BCBV][I;] (3.0)
Step 7: Calculate the Distribution Loss Flow (DLF) matrix.
The relationship will be-
[DLF] = [BCBV][NIBC] (4.0
[AV] = [DLF][I] (5.0)
Step 8: Set iteration k = 0.
Step 9: Iteration k = k + 1.
Step 10: Update voltages by using equations (6.0, 7.0 and 8.0)
IF = 1P +iIvE = G (6.0)
[AVE*1] = [DLF].[I¥] (7.0)
[VE*1] = [VO] + [AV*+T] (8.0)
Step 11: If max((|V(k + 1)| — |V(k)|) > tolerance go to step 8
Step 12: Calculate branch currents, losses from final node voltages.
Step 13: Display the node voltage magnitudes and angle, branch currents, losses and tie switches
Step 14: Stop

Evaluation of cost-benefit due to reduced energy purchased
Utilities (Transcos or Discos) purchase power from the transmission grid to satisfy end-users’ power

. . . . . . f
demand but a portion of this power is wasted as losses in feeder lines. The purchase price ( PPGEifdore) of
energy from the substation before reconfiguration and integration of DG is given by (Aruraj and
Kumarappan, 2018):
PRE™ = Coy (PE™ + R )T
(9.0) where CGrid is the grid electricity price in $/MWh, PG%?dore is the total real power (in MW) drawn
. . . frer . . .

from the substation before integration of DG, and P,fsser is the total real power loss after integration of

DG.
By optimally installing DG, the utilities (Transco or Disco) can supply a portion of system
power demand and also minimize the system power losses. Therefore, the purchase price of energy

- . . . . . After. .
from the substation including energy loss after reconfiguration and DG integration, PPGrider is given by:

PRA" = Cona x (Pats + R ) xT (10.0)

loss

After . . - . . .
where PGrider is the total real power (in MW) injected at bus 1 from the substation after reconfiguration

. . After . . . .
and integration of DG and P,(mer is the total real power loss (in MW) after reconfiguration and
integration of DG.
Therefore, after reconfiguration and DG installation, the annual cost-benefit (CBP) due to reduction in

the cost of power purchased from the substation including energy loss is given by (Aruraj and
Kumarappan, 2018):

Before After
CB, =PRq —PPyig (11.0)
Substituting (9.0) and (10.0) in (11.0), then
CB, = Copg x| (PSS — P ) + (R — Roer) [<T (12.0)

The Present Worth Factor (PWF) of (10.0), (11.0) and (12.0) was evaluated as:
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U (14inf RY
PWF PPBefore F)F)Before>< ( j (130)
( Grid ) Grid Z 1+intR
& (1+inf R
PWF (PPAfer) — ppAfier (—j (14.0)
( Grid ) Grid Z 1+intR
PWF (CB,)=CB, Z(“'”f Rj (15.0)
1+intR

Evaluation of the total cost-benefits (CBT )

Finally, the various DG cost and benefits mentioned in the previous sub-section are modeled into one
unique objective function expressed as follows:

Maximise (CB, ) = PWF (CB, )~ (PWF (W, ) + DGy ) (16.0)

) through

reconfiguration of the network and optimal DG integration. The objective function expressed in
equation (16.0) was optimized subject to the technical equality and non-equality constraints in the next
sub-sections.

where CBT is the total cost-benefit achieved for the number of planning years (N

yrs

Constraints
The objective function is subject to the following constraints:
(1) Power flow equations
The power flow equation is solved using Back/Forward Sweep technique in the optimization process.
These equations are given as:

Poi + i|vi|’vj‘[6ij cos eij + Bij sin 9.,} (17.0)
j=1
Qgi =Qpi + i|\/l ”Vj‘[Gij sin 0ij - Bij cos 6.,] (18.0)
j=1

where Vi and VJ- are the voltages of buses ‘i’ and j’ respectively; Pgi and PDi are the real
power generated and power demanded at bus ‘i’; Qgi and QDi are the reactive power generated and

demanded at bus ‘i’; and (9,] is the difference between the voltage angles of buses ‘i’ and .

(i) Real power generation constraint of DG
The size of each of the installed shunt capacitors is constrained within the limits as in equations (19.0)
and (20.0);

PDG(mln) <Py < PDG(max) (19.0)
Que (min) = < Qpe £ Qe (max) (20.0)

where PDG(m,n 100 kW and PDG(maX) is 75% of the total real power demand of the network and QDG(min)

=150 kVAr and QDG(maX) is 75% of the total reactive power demand of the RDN.

(iii) Bus voltage limitation
The voltage must fall within the standard limits for RDN

Vmin SVl SVmax

(21.0)

where Vmin is the minimum voltage (Vmin =0.95), Vmax is the maximum voltage (Vmax =1.05), and Vi

is the bus voltage.

(iv) Radial configuration constraint
The radial nature of the RDN must be maintained such that there is just a unidirectional flow of power
to all buses associated with the network.
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Implementation of Whale Optimization Algorithm for Optimal System
Reconfiguration
For the optimization of power flow with reconfiguration of switches, Whale Optimization Algorithm
(WOA) was implemented to determine the interval and which switch device is required to be closed or
opened in order to minimize system losses. Those characteristics of whales was formulated based on
objective function of equation (16.0) and a script was written in MATLAB R(2020a) to solve the
resulting optimization method based on equation (22.0).
Optimize f(x)= ¢ -PL+ B-VPIl +5.CBr (22.0)
where; x = [ V;, Pswi, Qswi, Nswous » CB] 1S the vector of variables or particles

The following parameters were considered in the optimization process:

i.  The optimal network reconfiguration switches position will be considered as the first step of
optimization process. The network variables such as voltage changes, power loss and system
balance condition will be incorporated with the optimization algorithm.

ii.  The capacity of switches according to the working range of distribution network
reconfiguration will be determined.

iii.  The power flow model of distribution network will be examined and also the stability of the
system will be evaluated.

Based on the above processes, the Whale Optimization Algorithm is initiated and the encircling
prey location, spiral bubble-net feeding updating position and global search updating position will be
calculated using equations (23.0) to (27.0).

The humpback whales encircling prey location is calculated as:

D =|C.X"(t)— X (t) (23.0)
The spiral bubble-net feeding updating position of whales during optimization is calculated as:
. X*(t)- AD
X(t+1)=1" . p<05 (24.0)
D.e”.cos(24)+ X" (t)
Whale Optimization Algorithm global search updating position is calculated as:
D = [CX a0y — X| (25.0)
X(t+1)=X,,,~AD (26.0)

The fitness function of the Whale Optimization Algorithm in solving the optimum location of the
switches for loss minimization is the objective function given in equation (22.0). The fitness function
will be computed as:

FF =P}, -P% (27.0)

Loss Loss
where
A and C are coefficient vectors; t indicates the current iteration,
b is a constant for defining the shape of the logarithmic spiral
P is arandom number in the range [0,1]; | is a random number in the range [-1,1]

X rand 1S @ random position vector chosen from the current population

a is linearly decreased from 2 to 0 over the course of iterations; X is the position vector
X is the position vector of the best solution obtained

D is the i whale to the prey (best solution obtained)

FF is the fitness function
The following are the steps involved in the Whale Optimization Algorithm for optimal power
flow with network reconfiguration.
Step 1: Read the system data while satisfying different equality and inequality constraints.
Step 2: Initialize the whale population and set the maximum number of iterations.
Whale population of N prey is represented by

X, =X} e X X with 1 212,.0.N, (28.0)

In which each X; represents a solution vector of variables given by:
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X, = |SW SW,........ W |with d =12.......N, (29.0)

Step 3: Run FBS load flow for initial network status

Step 4: Evaluate the fitness value of each search agent using the mathematical representation of
objective function in equation (16.0) for maximum loss reduction and identify the best switch
candidate solution without violating the constraints.

Step 5: For each search agent, Update the values of a, A,C,land P

Step 6: Update the position of the current search agent using equation (24.0)

Step 7: Select a random search agent ( X rand) @nd update the new position of the current search agent
using equation (26.0).

Step 8: Check if there is any search agent violating the boundary of search space, amend accordingly
and go to step 2

Step 9: Calculate the new fitness function of each search agent

Step 10: Update X ~ if there is a better solution, otherwise go to step (8)

Step 11: Output the optimal solution.

Performance Evaluation

The proposed optimal network reconfiguration method was validated on an IEEE 33 standard bus and
its performance was evaluated on Ayepe 34-bus distribution system using Power Loss Reduction,
Voltage Profile Improvement Index, DG cost, Switch cost and cost benefits as a result of reduced energy
purchased as performance metrics. The data for the Nigerian distribution system were sourced from
Ibadan Electricity Distribution Company Plc.

Results and Discussions

The summary of results for all the cases considered for the IEEE 33-bus RDN are summarized in Table
4.1. US dollars was chosen for this research for its international recognition and the official rate during
the work is #740 to $1 for easy conversion.

Case 1: Base Case without DG and Reconfiguration

The open branches (tie switches) for the initial configuration of the network are 33, 34, 35, 36 and 37
with a real power loss and reactive power loss of 202.67 kW and 140.00 kVAr, respectively. The cost
of the power purchased (Cpp) from the transmission grid for the considered period for the initial
configuration before changing the RDN (Base case) is $19,570,533.20.

Case 2: DG Integration only

After optimal installation of DG, the cost of the DG (DGps7), the reduced energy cost purchased (C4pp)
from the transmission grid and the overall cost-benefit for the number of planning years were $
9,527,638.14, $ 12,427,036.56 and $ 2,899,398.40, respectively for IEEE 33-bus RDN. From the third
column of Table 4.1a, it is crystal clear that the cost of energy purchased from the transmission grid
was reduced from $ 19,570,533.20 to $5,248,283.25. The decrease in the cost of the energy power
purchased was due to significant reduction of the total power purchased from the grid and lower power
loss in the distribution systems due to the optimal installation of DG.

This eventually resulted into an appreciable cost benefits of $ 2,899,398.40 despite the high DG cost
incurred. This cost-benefit obtained was equivalent to 14.8% cost savings with respect to the power
purchased.

Table 4.1: Summary of Results for all cases of IEEE 33-bus RDN

Parameters Base Case DG only Rec only DG and Rec
Optimal size (kW) - 2389 - 2389

Location = - - J— 6

Tie Switch 33-34-35-36-37  33-34-35-36-37  5-7-10-21-23  11-14-32-33-37
Ploss (KW) 202.67 104.00 127.85 89.07

Qioss (KVATI) 140.00 70.00 130.00 70.00

Vmin (p.U.) 0.9131 (18) 0.9484 (18) 0.9372 (7) 0.9595 (32)
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VSI (p.u.) 0.6969 (18) 0.8091 (18) 0.7714 (7) 0.8477 (32)
DG cost ($) X106 ------—- 9.5276  --—-- 9.5276
Switch cost ($)x103  -------- eeeeees 28.969 17.382
Cost of PP ($)x10° 19.571 5.2482 19.1968 7.0686
Cost of APP ($)x10°  -------- 12.427 0.3737 12.502
Cost-benefit ($)x106  -------- 2.8994 0.3448 2.9566
% Savings =000 - 14.815 1.762 15.107

Case 3: Reconfiguration only

After reconfiguration, the open branches (tie switches) for the new configuration are 5, 7, 10, 21 and
23 with real and reactive power loss of 127.85 kW and 130.00 kVAr, respectively. The reduced energy
cost purchased (C,pp) from the transmission grid, the switch cost (S¢osr) and the overall cost-benefit
for the number of planning years were $ 373,759.73, $ 28,969.81 and $ 344,789.92, respectively for
IEEE 33-bus RDN. From the fourth column of Table 4.1a, it was crystal clear that the cost of energy
purchased from the transmission grid were reduced from $ 19,570,533.20 to $ 19,196,773.47. The
decrease in the cost of the energy power purchased were due to significant reduction of the power loss
in the distribution systems due to alteration of the topological structure of the RDN. This eventually
resulted to a cost benefits of $ 344,789.92 which is equivalent to 1.8% cost savings with respect to the
power purchased.

Case 4: Reconfiguration and DG

After reconfiguration of the RDN in the presence of DG, the open branches of the RDN were 11, 14,
32, 33 and 37, and the DG size was 2, 389 kW. The real and reactive power losses are 89.07 kW and
70.00 kVAr, respectively. The obtained DG osr, SWitch-cost, C,pp and cost-benefit over the number of
planning years were $ 9,527,638.14, $ 17,381.89, $ 12,501,618.67, and $ 2,956,598.64, respectively.
From the fifth column of Table 4.13, it can be seen that the cost of energy purchased was reduced from
$19,570,533.20t0 $ 7, 068, 564.86. The decrease in the cost of the energy power purchased were due
to significant reduction of the total power purchased from the grid and minimal power loss due to
alteration of the topological structure of the RDN and integration of DG. This eventually resulted into
an appreciable cost benefits of $ 2,956,598.64 despite of the high DG cost incurred. This cost-benefit
obtained was equivalent to 15.1 % cost savings with respect to the power purchased from the
transmission grid.

Comparative Study of Results for the Different Cases

All the cases considered in research are compared in terms of real power loss, reactive power loss, cost-
benefit, voltage profile and VSI profile are illustrated in Figures 4.1 — 4.4, respectively. In Figure 4.1b
it was clearly depicted that case 4 (Reconfiguration and DG) gave the least power loss followed by case
2 (DG only), while case 3 (reconfiguration only) had the highest power loss after the base case. Case 4
gave the highest cost-benefit as illustrated in Figure 4.4 even though it incurred the highest cost
comprising of DG and switch expenses. This was closely followed by case 2 (DG only) and case 3
(Reconfiguration). The percentage cost-savings of cases 2, 3 and 4 are 14.8%, 1.8% and 15.1%,
respectively. Figures 4.3 and 4.4 depict the voltage and VSI profiles of all the four cases for the IEEE
33-bus RDN. It was clearly illustrated in the Figures that case 4 gave the best improvement in the
voltage and VSI values throughout the buses and branches of the RDN.

Comparative Study for IEEE 33-bus distribution system

The results obtained for cases 2 — 4 were compared with that of other publications who utilized other
optimization techniques in terms of real power loss and cost-benefit for the purpose of validation of the
proposed technique. Although the compared literatures used power loss and other parameters for their
objective function, their cost-benefits were calculated using the same cost specification used in this
research for fair comparison. From Table 4.1 it was crystal cleared that the proposed technique gave a
superior cost-benefit and percentage power loss reduction compared to existing techniques.

4.3 Ayepe 34-bus RDN Results
The results for the considered cases are summarized in Table 4.2.
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Case 1: Base Case without DG and Reconfiguration

The open branches (tie switches) for the initial configuration of the network are 34, 35, 36, 37 and 38
with a real power loss and reactive power loss of 762 kW and 150 kVAr, respectively. The cost of the
power purchased (Cpp) from the transmission grid for the considered period for the initial configuration
before changing the RDN (Base case) is $24,387,797.62. All the parameters obtained for the base case
are shown in the second column of Table 4.2.

Case 2: DG Integration only

After optimal installation of DG, the cost of the DG (DGos7), the reduced energy cost purchased (C4pp)
from the transmission grid and the overall cost-benefit for the number of planning years are $
14,038,211.07, $ 20,736,122.07 and $ 6,697,911.00, respectively for Ayepe 34-bus RDN. From the
third column of Table 4.2, it is crystal clear that the cost of energy purchased from the transmission grid
were reduced from $ 24,387,797.62 to $3,651,675.56. The decrease in the cost of the energy power
purchased were due to significant reduction of the total power purchased from the grid and lower power
loss in the distribution systems due to the optimal installation of DG. This eventually resulted to an
appreciable cost benefits of $ 6,697,911.00 despite of the high DG cost incurred. This cost-benefit
obtained is equivalent to 27.5 % cost savings with respect to the power purchased.

Case 3: Reconfiguration only

After reconfiguration, the open branches (tie switches) for the new configuration are 10, 14, 30, 31 and
32 with real and reactive power loss of 406.8kW and 120.0 kVAr, respectively. The reduced energy
cost purchased (C4pp) from the transmission grid, the switch

Table 4.2: Summary of Results for all cases of Ayepe 34-bus RDN

Parameters Base Case DG only Rec only DG and Rec
Optimal size (kW)  -------- 3520 - 3520
Location = —mmmmee- 17— 14

Tie Switches 34-35-36-37-38 34-35-36-37-38 10-14-30-31-32 16-32-34-36-38
Ploss (KW) 762.24 131.13 406.79 127.12

Qioss (KVAT) 150.00 30.00 120.00 30.00

Vmin (p.U.) 0.8300 (25) 0.9860 (24) 0.8599 (25) 0.9843 (17)
VSI (p.u.) 0.4743 (25) 0.9462 (25) 0.5192 (24) 0.9387 (18)
DG cost ($) X106 ------—- 14.0382 - 14.0382
Switch cost ($)x103  --------  —emeee- 23.1759 11.588

Cost of PP ($)x106  24.3878 3.6517 23.0317 3.5754

Cost of APP ($)x106  -------- 20.7361 1.3561 20.2477
Cost-benefit ($)x106  -------- 6.6979 1.3329 7.1766

% Savings =~ -------- 27.464 5.465 29.427

cost (Scosr) and the overall cost-benefit for the number of planning years are $ 1,332,939.56, $
23,175.85 and $ 1,332,939.56, respectively for IEEE 33-bus RDN. From the fourth column of Tables
2, the cost of energy purchased from the transmission grid were reduced from $24,387,797.62 to $
23,031,682.21. The decrease in the cost of the energy power purchased were due to significant reduction
of the power loss in the distribution systems due to alteration of the topological structure of the RDN.
This eventually resulted to a cost benefits of $1,332,939.56 which is equivalent to 5.5 % cost savings
with respect to the power purchased.

Case 4: Reconfiguration and DG

After reconfiguration of the RDN in the presence of DG, the open branches of the RDN are 16, 32, 34,
36, and 38 and the DG size is 3, 520 kW. The real and reactive power losses are 131.12 kW and 30.0
kVAr, respectively. The obtained DG qsr, Switch-cost, C,pp and cost-benefit over the number of
planning years are $ 14,038,211.07, $ 11,587.95, $ 20,247,719.65, and $ 14,049,799.02, respectively.
From the fifth column of Table 4.2, it can be seen that the cost of energy purchased was reduced from
$24,387,797.62 to $ 3,575,422.43. The decrease in the cost of the energy power purchased were due
to significant reduction of the total power purchased from the grid and minimal power loss due to
alteration of the topological structure of the RDN and integration of DG. This eventually resulted to an
appreciable cost benefits of $7,176,601.10 despite of the high DG cost incurred. This cost-benefit
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obtained is equivalent to 29.4% cost savings with respect to the power purchased from the transmission
grid.

Comparative Study of Results for the Different Cases

All the cases considered in research are compared in terms of Piess, COSt-benefit, voltage profile and VSI
profile are illustrated in Figures 4.5 — 4.8, respectively. In Figure 4.5, it is clearly depicted that case 4
(Reconfiguration and DG) gave the least power loss followed by case 2 (DG only) while case 3
(Reconfiguration only) had the highest power loss after the base case. Case 4 gave the highest cost-
benefit as illustrated in Figure 4.8 even though it incurred the highest cost comprising of DG and switch
expenses. This is closely followed by case 2 (DG only) and case 3 (Reconfiguration). The percentage
cost-savings of cases 2, 3 and 4 are 27.5 %, 5.5 % and 25.3 %, respectively. Figures 4.7 and 4.8 depict
the voltage and VSI profiles of all the four cases for the IEEE 33-bus RDN. It is clearly illustrated in
the Figures that case 4 gave the best improvement in the voltage and VSI values throughout the buses
and branches of the RDN.

Conclusion

In each case, results were presented and showed that there was decease in the cost of the energy power
purchased. This was as a result of significant reduction of the total power purchased from the grid and
lower power loss in the distribution networks due to the optimal installation of DG into the system for
economic sustainable development in the power sector.

Recommendations
The following recommendations are made for further studies:
i.  dynamic nature of load was not considered in this research. Future work can take into
consideration the dynamic nature of loads.
ii. in this work, the radial distribution networks were assumed to be balanced. Future works can
consider the impact of optimal reconfiguration on unbalanced radial distribution networks.

Contribution to Knowledge
The following contributions were made:
i. formulation of a model for the evaluation of total cost-benefits of optimal
reconfiguration of radial distribution network in the presence of DG was done; and
ii.  implementation of WOA for optimal reconfiguration of Nigerian Distribution Network
in the presence of DG has been done successful
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Abstract

The study was designed to determine the level of awareness and compliance with road signs and
symbols among motorists in Niger State. Five research questions, and five null hypotheses guided the
study. A descriptive survey research design was used for the study. The study was conducted in five
major towns of Niger State. A total of 400 respondents consisting of 60 Vehicle Inspection Officers and
three hundred and forty licensed motorist drawn from each major towns of Niger State, through the
accidental sampling techniques the. A structured questionnaire titled: Motorist Road Signs and Symbol
Questionnaire (MRSSQ) developed by the researcher and validated by three experts was used for the
study. The reliability coefficient of the study was 0.89 through Cronbach Alpha statistics. Statistical
package for social sciences (SPSS) version 23 was used for the data analysis. Mean and Standard
deviation were the statistical tools used for answering research questions, while t-test was used to test
the hypotheses at 0.05 level of significance. The findings of the study among others revealed that;
Majority of the road safety signs and symbols are not available in major towns and cities in Niger State
and motorist do not complied with road safety signs and symbols. The findings also revealed that
driving on hard drugs, reckless driving and drunkenness were the constraint responsible for effective
compliance with road safety signs and symbols among motorist in Niger State. The grand
mean/standard deviation of various sections of research questions are; 1.16/0.12, 1.88/0.13, 2.07/0.09,
3.29/0.22 respectively. Based on the findings it was recommended that the agencies such as VIO, FRSC
and Traffic Management Officer should ensure 100% level of compliance with road safety signs and
symbols among motorist and other road users. There should be considerable efforts to control vehicle
speeds, mostly through speed limit device /enforcement so as to reduce accident rate.

Keywords: Awareness, compliance, road signs and symbols, motorists,

Introduction

Road signs and symbols are signs inserted at the side of or above the road to give instructions or provide
information to the road users. They are silent speakers to the road conditions. Jankaro (2016) describes
road signs and symbols as the means of providing valuable information to drivers and other road users.
They represent rules that are in place to keep you safe and help to communicate messages to drivers,
pedestrians and other road users that can maintain law and order to reduce accidents. Federal Road
Safety Corps (FRSC) (2013), states that road signs and symbols are symbolized, illustrative guidance
for road users for safer and more convenient travelling while neglecting them can be dangerous. It does
not matter you drive a car, ride a bike or just walk, it is mandatory that road users obey or comply with
all the road signs as they are not decorators of urban design, nor they are there for reference. Kumuyi
(2012) identified road signs as the simple illustration of traffic laws and substitutes for traffic
management officers. However, in spite of the provisions of all these road signs and symbols in most
cities and towns in Nigeria, some of these road signs and symbols have been identified to have posed
difficult threats for motorist and other categories of road users in terms of interpreting, understanding
and complying with them correctly and in returns with its attendant consequences on the increased
accidents in most urban cities in Nigeria. Although road signs and symbols exist in different shapes and
classifications.

Road signs and symbols are classified into varieties of shapes, colour and symbols with its different
roles. Idris (2019), classified road signs and symbols into four (4) main groups as follows: Regulatory
signs mandatory; Regulatory signs prohibitory; informative signs; and warning signs. Regulatory Signs
Mandatory is one of those signs that control the free flow of traffic as well as ensuring safety on the
road. They are circular but covered in a blue background without perimeters. Mandatory signs typically
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give directions, and the directions are usually noted in white colours. This sign includes among others;
diversions, one way, roundabout, keep left, keep right, turn left, and turn right, minimum speed
kilometer per hour (kph), end of restriction (Ladan, 2011). The different shapes and colours of road
signs are there to help identify them as quickly as possible without interrupting the driver. Despite the
installation of road safety signs and symbols in Niger State, series of reported cases of road crashes
(accidents) still occurs. The occurrence of road accidents within Niger State might not be unconnected
to either neglect or disobeying of road signs and symbols by motorists.

Motorists are individuals who have undergone the process or processes of learning how to drive/driving
and are certified by the relevant authority. FRSC (2015), described motorists as those categories of road
users who are enclosed in a motor vehicle. Because of their enclosure, they feel protected and assume
absolute immunity from accidents. It further stated that the driver of a vehicle has only the protection
guaranteed by his or her strict compliance to road safety signs and symbols through the exhibition of
the following characters: The driver should be skilled enough to handle any situation on the road, must
Hear, must See (most important), must be able to evaluate, alertness and react to information. FRSC
(2015) also suggested that drivers must be self-discipline, must have Patience, must have mechanical
skills, must be responsible and have enough practice to respond on time in a critical situation on the
road (when driving) to avoid road accident. An accident is an unfortunate incident that happens
unexpectedly, unintentional or events that happens by chance and typically resulted in damages, injury
or death. Globally, people drive several hours from their initial (starting point) to their destination or
places of desire daily and this exposed them to the risk of road crashes and injuries. According to
Ezenwa (2015), a road traffic accident is referred to any accident involving at least one road vehicle,
occurring on a road open to public circulation and in which at least one person is injured or killed."
Killed persons" are accidents victims who died immediately or within thirty days of following accidents.
The rate of accident is worrisome in Nigeria due to the state of disrepair of Nigerian roads, lack of road
caution, road signs and other road safety devices. The forgoing assertion clearly revealed that even
though there are provisions for road safety signs and symbols across Nigeria roads it appears that they
are not available.

Availaility is the degree at which facilities, service or functional materials are provided and made ready
for use. Availability of road safety signs and symbols is a holistic term which is directed towards
accident free among motorists as an entity. It expresses how materials can easily be gotten and used for
a particular purpose and time. Availability refers to resources ready to be used, able to be used or that
can easily be found and used. Availability refers to service/resources that can be obtained in the
discharge of certain functions. Therefore, availability in the context of this study is a state of making
provision for a satisfactory, standard requirements in terms of road safety signs and symbols to enhance
effective road policing with a view of minimizing or avoiding accidents on our roads among motorists
and other categories of road users. Unfortunately, these road safety signs and symbols seems not to be
available in sufficient quantities on our major roads for the motorists and all categories of road users
thus causing the problem of awareness.

Awareness  simply referred to  knowledge that  something exists,  or understanding of
a situation or subject at the present time based on information or experience.

According to Gafoor (2012), awareness of road sign and symbols specifically means, knowledge of
being conscious; cognizant, informed alert on road safety signs and symbols. In this level of
consciousness, sense signs and symbols can be confirmed by motorist without necessarily implying
understanding. The processes of any knowledge mUst contain awareness but mere awareness does not
contain any type of knowledge. Road safety awareness is an important way to spread information among
people about road safety measures and rules. Road safety awareness are flexible tools that communities
can use to increase the spread of information and knowledge about specific road safety problems in
their own community and can be adapted to a wide range to increase the level of compliance among
motorist and other road users.

Compliance is the act of obeying a particular law or rule, or of acting accordingto an agreement.
The state of being too willing to do what other people want you to do. Kumuyi (2012) described
Compliance in road safety as the act of carefully followed or obedience to rules guiding the usage of
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the roads by road users. Compliance with road safety signs and symbols is important in the reduction
of road accidents. While it has been observed that a careful road user/travelers who comply with road
signs and symbols usually arrive at his/her destination safely while road user/travelers who do not
complied with the road safety signs and symbols will end up in serious accidents. Any road accident is
all the more depressing as the victims are very healthy just before the crash. More than one million
people die on the road every year according to World Health Organization (WHO, 2011) and road traffic
injuries are the leading cause of death among young people. It is against this backdrop that the
researcher intends to identify the level of compliance with road safety signs and symbols among
motorists in Niger State.

Statement of the Problem

The overall goal of the decade of action for safety on our roads is to reduce and stabilize the level of
road traffic accidents around the world. Safety on the road is a foremost priority in the mind of all road
users, and the important aspect of the driving task is that of detection of road signs and symbols.
Arosanyin et al., (2012) explained that safety road regulation protects the general public, users and
operators from crashes as well as unhealthy environment.

However, Idris (2019) argued that most motorist often failed to recognize road safety signs and symbols
or obey (complied) the order they represent. The reason for these disobedience or phenomenon always
lead to road fatalities, injury, loss or damage properties, and death. The capacity to respond to accident
reduction on our roads, compliance with road safety signs and symbols among motorist towards speed
management is an important component and effort. Several kinds of research have been conducted on
road crashes (accident) and most of these reports blame accident rates to the negligence of road users,
drivers’ attitudes and behaviour towards compliance with road safety signs and symbols (Ovuweri &
Asalor, 2010). It has been noticed by the researcher that in Niger State, the average driver (motorist)
has a habit of being reckless; the roads have been death traps. The significant gap exists between
compliance with road safety signs and symbols, speed and the risk of being involved in road accident
in which the study attempt to fill by determine level of compliance with roads signs and symbols among
motorist toward speed management and accident reduction in Niger State, and hence conserving life on
land as one of the sustainable development goals.

Purpose of the Study
1. Identify the road signs and symbols available in Niger State
2. Find out the level of awareness of road signs and symbols among motorist in Niger State
3. Determine the level of compliance with road signs and symbols among motorist in Niger State

Research Questions
1. What are the road signs and symbols available in Niger State?
2. What is the level of awareness of road signs and symbols among motorist in Niger State?
3. What is the level of compliance with road signs and symbols among motorist in Niger State?

Hypotheses

The following null hypotheses were formulated and tested at 0.05 level of significance

Ho1: There is no significant difference between the mean response of motorist and Vehicle Inspection
Officer (VIO) on the availability of road signs and symbols installed in Niger State.

Ho>: There is no significant difference between the mean response of motorists and Vehicle Inspection
Officer (VIO) on the level of awareness with road signs and symbols in Niger State

Hos: There is no significant difference between the mean response of motorists and Vehicle Inspection
Officer (VIO) on the level of compliance with road signs and symbols in Niger State.

Methodology

A descriptive survey design was employed for the study. The study was conducted in Niger State,
Nigeria. The targeted population for this study was sixty (60) Vehicle Inspection Officers (VIO) from
Niger State Motor Vehicle Administration Agency, while that of licensed motorist is unknown. A multi-
stage sampling techniques was adopted for the study. A Cluster sampling technique was used to cluster
Niger State into five clusters as follows: Minna, Bida, Suleja, Kontagora and Mokwa respectively.
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Accidental Sampling technique was used to drawn Sixty-eight (68) licensed motorist from each Cluster
for the study. Since the population of Vehicle Inspection Officers is manageable size no sampling
techniques was adopted for it, hence their entire population was used for the study. A structured
Questionnaire was used for data collection. The instrument for data collection was validated by two
lecturers in the Department of Industrial and Technology Education, Federal University of Technology,
Minna and one Chief Vehicle Inspection Officer (CVIO) in Motor Vehicle Administration Department
Minna Niger State. To establish the reliability of the instrument, a pilot test was carried out at llorin
Kwara State which does not form part of the study area, in which data of sixteen (16) respondents were
collected consisting of four VIO and twelve motorists. Cronbach Alpha and Statistical Package for
Social Sciences (SPSS) version 23 was used in computing reliability coefficient base on standardized
items and results were given as follow; cluster A, 0.76; Cluster B, 0.99; cluster C, 0.87; cluster D, 0.84;
cluster E, 0.98. The reliability coefficient for the overall 141 items was determined to be 0.89. The result
indicated that the instrument is reliable and it is therefore considered appropriate for use.

The instrument for the study was administered to the respondents by the researcher through the help of
ten (10) research assistants who were guided on the approach and process of obtaining data from the
respondents. The data collected for the study was analyzed using mean, standard deviation and t-test
statistics. Mean and Standard Deviation were used to answer the research questions while t-test statistics
was used to test the null hypotheses formulated for the study at 0.05 level of significance.

Results

Research Question One: What are the road signs and symbols available in Niger State?

Table 1: Mean and Standard Deviation of Respondent on the Road Signs and Symbols Available
in Niger State

SIN ITEMS X1 X> Xt SD Decision
ni=60 n;=340 N=400
1 Speed Bumps Ahead  1.70 1.96 1.83 0.13 A
2 No Right Turn 118 1.02 1.10 0.12 NA
3 No Horn 120 1.01 1.10 0.16 NA
4 T-Junction 1.23 102 1.13 0.15 NA
5 No Left Turn 1.15 1.00 1.08 0.15 NA
6 No U-Turn 1.22 101 1.11 0.16 NA
7 No Parking 152 196 1.74 0.15 A
8 No Waiting 143 196 1.69 0.15 NA
9 Double Bend 1.33 1.00 1.17 0.21 NA
10 Stop Sign 125 1.01 1.13 0.16 NA
11 Speed Limit 1.17 1.01 1.09 0.13 NA
(Maximum)
12 Pedestrian Crossing 1.37 101 1.19 0.18 NA
13 Narrow Bridge 123 1.08 1.15 0.08 NA
14 Hospital 1.15 1.04 1.10 0.08 NA
15 Airport 1.15 101 1.08 0.12 NA
16 Bus Stop 1.17 103 1.10 0.10 NA
17 Mechanic Station 1.15 101 1.08 0.12 NA
18 Telephone Call 1.15 1.02 1.08 0.11 NA
19 Restaurant 1.15 101 1.08 0.14 NA
20 Rest Area 115 1.01 1.08 0.12 NA
21 Fuel Station 115 1.03 1.09 0.09 NA
22 Parking Area 115 1.03 1.09 0.10 NA
23 Round About 115 1.03 1.09 0.09 NA
24 Keep Right or Left 115 1.02 1.09 0.10 NA
25 U-Turnto Left or Right 1.27  1.03 1.15 0.14 NA
26 Right Turn 1.15 1.01 1.08 0.14 NA
27 Left Turn 1.15 1.00 1.08 0.15 NA
28 Y-Junction 1.28 1.08 1.18 0.09 NA
29 2-Way Ahead 115 1.05 1.10 0.07 NA
30 Cross Road 1.15 1.04 1.09 0.09 NA
31 Give Way
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32 Children Crossing 1.15 1.13 1.14 0.01 NA
33 Traffic Light Ahead 1.15 1.01 1.08 0.12 NA
34 Road Work Ahead 1.15 1.02 1.08 0.11 NA
35 One Way Sign 1.15 1.01 1.08 0.12 NA
36 Wild Animal Sign 1.15 1.02 1.08 0.11 NA
37 Falling Rock 1.27 1.01 1.14 0.18 NA
38 Road Narrows on Both 1.25 1.05 1.15 0.11 NA

Side

Grand Mean 1.22 1.10 1.16 0.12 NA

Source: Author’s fieldwork (2022)

Key: X; = Mean response of Vehicle Inspection Officer, X, = Mean response of Motorist, n; = No of
VIO, n.-No of trainees, Xt = Average mean response of both Vehicle Inspection Officer and Motorist,
SD = Standard deviation of both Vehicle Inspection Officer and Motorist, NA= Not Available, A=
Available

The analysis on Table 1 shows the mean responses of the respondents on the 38 items posed to
determine the road signs and symbols available in Niger State with a grand mean of 1.16 which implies
that majority of the road safety signs are not available. The standard deviation of the items ranges from
0.01-0.21. The 38 items had their standard deviation less than 1.96 implying that the respondents were
not too far from the mean and were close to one another in their responses. This closeness of the
responses adds value to the reliability of the mean.

Research Question Two: What is the level of awareness of road signs and symbols among motorist in
Niger State?

Table 2: Mean and Standard Deviation of Respondent on the Level of Awareness with Road Signs
and Symbols among Motorist in Niger State

SIN ITEMS X1 X Xt SD Decision
n:=60 n,=340 N=400
1 Speed Bumps Ahead 2.37 1.96 2.16 0.14 NA
2 No Right Turn 230 1.01 1.65 0.19 NA
3 No Horn 240 1.01 1.70 0.21 NA
4 T-Junction 228 101 1.65 0.14 NA
5 No Left Turn 208 1.01 1.55 0.08 NA
6 No U-Turn 228 1.01 1.65 0.17 NA
7 No Parking 253 1.96 2.24 0.15 A
8 No Waiting 243 1.96 2.19 0.15 NA
9 Double Bend 233 1.01 1.67 0.18 NA
10 Stop Sign 233 1.01 1.67 0.19 NA
11 Speed Limit 220 1.02 1.61 0.13 NA
(Maximum)

12 Pedestrian Crossing 2.33 1.00 1.67 0.21 NA
13 Narrow Bridge 2.38 1.06 1.72 0.13 NA
14 Hospital 235 1.03 1.69 0.15 NA
15 Airport 2.33 1.07 1.70 0.11 NA
16 Bus Stop 2.27 2.03 2.15 0.10 NA
17 Mechanic Station 225 2.02 2.14 0.12 NA
18 Telephone Call 225 2.02 2.14 0.11 NA
19 Restaurant 225 2.02 2.14 0.12 NA
20 Rest Area 225 2.00 2.13 0.15 NA
21 Fuel Station 225 2.02 2.14 0.12 NA
22 Parking Area 225 2.02 2.14 0.10 NA
23 Round About 225 2.02 2.14 0.11 NA
24 Keep Rightor Left  2.25 2.02 2.14 0.10 NA

Continuation Table 4.3
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25 U-Turn to Left or 2.27 2.08 2.17 0.09 NA
Right
26 Right Turn 225 2.04 2.14 0.09 NA
27 Left Turn 225 2.00 2.13 0.15 NA
28 Y-Junction 2.28 2.08 2.18 0.09 NA
29 2-Way Ahead 225 2.05 2.15 0.07 NA
30 Cross Road 225 1.01 1.63 0.12 NA
31 Give Way
32 Children Crossing 225 112 1.69 0.02 NA
33 Traffic Light Ahead 2.25 1.01 1.63 0.12 NA
34 Road Work Ahead  2.25 1.05 1.65 0.07 NA
35 One Way Sign 225 1.04 1.65 0.08 NA
36 Wild Animal Sign 225 1.02 1.63 0.11 NA
37 Falling Rock 227 1.01 1.64 0.17 NA
38 Road Narrows on 2.25 1.07 1.66 0.09 NA
Both Side
Grand Mean 228 147 1.88 0.13 NA

Source: Author’s fieldwork (2022)

Key: X; = Mean response of Vehicle Inspection Officer, X, = Mean response of Motorist, n; = No of
VIO, n,-=No of trainees, Xt = Average mean response of both Vehicle Inspection Officer and Motorist,
SD = Standard deviation of both Vehicle Inspection Officer and Motorist, NA = Not Aware, A = Aware

The analysis on Table 2 shows the mean responses of the respondents on the 38 items posed to
determine the level of awareness with road signs and symbols among motorist in Niger State with a
grand mean of 1.88 which implies that majority of the respondents are not aware of the road safety signs
and symbols. The standard deviation of the items ranges from 0.02 — 0.21. The 38 items had their
standard deviation less than 1.96 implying that the respondents were not too far from the mean and were
close to one another in their responses. This closeness of the responses adds value to the reliability of
the mean.

Research Question Three: What is the level of compliance with road signs and symbols among
motorists in Niger State?

Table 3: Mean and Standard Deviation of Respondent on the level of Compliance with Road
Safety Signs and Symbols gmong_Road Users

SIN ITEMS X: X5 X+ SD Decision
n;=60 n,=340 N=400
1 Speed Bumps Ahead 2.43 1.96 2.19 0.14 NC
2 No Right Turn 223 101 1.62 0.17 NC
3 No Horn 2.20 1.03 1.61 0.12 NC
4 T-Junction 2.23 1.02 1.62 0.14 NC
5 No Left Turn 230 1.01 1.66 0.17 NC
6 No U-Turn 233 1.01 1.67 0.18 NC
7 No Parking 2.60 1.96 2.28 0.14 C
8 No Waiting 243 1.96 2.19 0.15 NC
9 Double Bend 223 2.01 2.12 0.16 NC
10 Stop Sign 2.33 2.03 2.18 0.15 NC
11 Speed Limit 2.25 2.01 2.13 0.18 NC
(Maximum)

12 Pedestrian Crossing 2.37 2.03 2.20 0.18 NC
13 Narrow Bridge 2.30 2.06 2.18 0.11 NC
14 Hospital 220 2.03 211 0.12 NC
15 Airport 2.28 2.02 2.15 0.17 NC
16 Bus Stop 2.23 2.03 2.13 0.13 NC
17 Mechanic Station 2.27 2.00 2.13 0.16 NC
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18 Telephone Call 237 201 2.19 0.20 NC
19 Restaurant 2.23 2.00 2.11 0.18 NC
20 Rest Area 240 2.04 2.22 0.15 NC
21 Fuel Station 2.25 2.00 2.13 0.15 NC
22 Parking Area 225 2.02 2.14 0.11 NC
23 Round About 2.25 2.00 2.13 0.15 NC
24 Keep Rightor Left 2.25 2.02 2.14 0.12 NC
25 U-Turn to Left or 2.27 1.03 1.65 0.14 NC

Right
26 Right Turn 238 1.01 1.69 0.20 NC
27 Left Turn 1.27 2.00 1.63 0.19 NC
28 Y-Junction 1.28 2.08 1.68 0.09 NC
29 2-Way Ahead 1.15 2.05 1.60 0.07 NC
30 Cross Road 1.15 2.03 1.59 0.11 NC
31 Give Way
32 Children Crossing 115 222 1.69 0.02 NC
33 Traffic Light Ahead 1.15 2.00 1.58 0.15 NC
34 Road Work Ahead 1.15 2.02 1.59 0.12 NC
35 One Way Sign 215 2.03 2.09 0.09 NC
36 Wild Animal Sign 215 2.02 2.09 0.11 NC
37 Falling Rock 248 2.03 2.26 0.18 NC
38 Road Narrows on 2.25 2.04 2.15 0.11 NC

Both Side

Grand Mean 212 2.02 2.07 0.09 NC

Source: Author’s fieldwork (2022)

Key: X; = Mean response of Vehicle Inspection Officer, X, = Mean response of Motorist, n; = No of
V10, n2=No of trainees, X = Average mean response of both Vehicle Inspection Officer and Motorist,
SD = Standard deviation of both Vehicle Inspection Officer and Motorist, NC = No Compliance, C =
Compliance

The analysis on Table 3 shows the mean responses of the respondents on the 38 items posed to
determine the level of compliance with road signs and symbols among motorist in Niger State with a
grand mean of 2.07 which implies that motorist do not complied with the road safety signs and symbols.
The standard deviation of the items ranges from 0.02 — 0.20. The 38 items had their standard deviation
less than 1.96 implying that the respondents were not too far from the mean and were close to one
another in their responses. This closeness of the responses adds value to the reliability of the mean.

Hypothesis one: There is no significant difference between the mean responses of motorist and VVehicle
Inspection Officer (VI10) on the availability of road signs and symbols in Niger State.

Table 4: t-test analysis on the availability of road signs and symbols in Niger State

Variables N Mean SD df t p-value
VIO 60 1.22 0.12 398

7.23 0.01
Motorist 340 1.10 0.14

P<0.05= Significant, P>0.05= Not Significant

Table 4 shows the comparison of t-test of the mean rating of the responses of the respondents as regard
the availability of road signs and symbols in Niger State. The results revealed that the mean and standard
deviation of VIO are 1.22 and 0.12 while the mean and standard deviation of motorist are 1.10 and 0.14
respectively. Since the p-value (0.01) is less than 0.05, the result revealed that there was a significant
difference between the mean response of motorist and Vehicle Inspection Officer (VIO) on the
availability of road signs and symbols in Niger State. Therefore, the null hypothesis was rejected.
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Hypothesis two: There is no significant difference between the mean response of motorist and VIO on
the level of awareness with road signs and symbols in Niger State.

Table 5: t-test analysis on the awareness with road safety signs and symbols in Niger State

Variables N Mean SD df T p-value
VIO 60 2.28 0.35 398

7.27 0.01
Motorist 340 1.47 0.17

P<0.05= Significant, P>0.05= Not Significant

Table 5 shows the comparison of t-test of the mean rating of the responses of the respondents as regard
the level of awareness with road signs and symbols in Niger State. The results revealed that the mean
and standard deviation of VIO are 2.28 and 0.35 while the mean and standard deviation of motorist are
1.47 and 0.17 respectively. Since the p-value (0.01) is less than 0.05, the result revealed that there was
a significant difference between the mean response of motorist and VIO on the level of awareness with
road signs and symbols in Niger State. Therefore, the null hypothesis was rejected.

Hypothesis three: There was no significant difference between the mean response of motorist and VIO
on the level of compliance with road signs and symbols in Niger State
Table 6: t-test analysis on the level of compliance with road signs and symbols in Niger State

Variables N Mean SD df T p-value
VIO 60 2.12 0.24 398

6.23 0.01
Motorist 340 2.02 0.28

P<0.05= Significant, P>0.05= Not Significant

Table 6 shows the comparison of t-test of the mean rating of the responses of the respondents as regard
the level of compliance with road signs and symbols in Niger State. The results revealed that the mean
and standard deviation of VIO are 2.12 and 0.24 while the mean and standard deviation of motorist are
2.02 and 0.28 respectively. Since the p-value (0.01) is less than 0.05, the result revealed that there was
a significant difference between the mean response of motorist and V1O on the level of compliance with
road signs and symbols in Niger State. Therefore, the null hypothesis was rejected.

Discussion of Findings

The findings on research question one revealed that the road signs and symbols are not available in
Niger State. Among the findings are No Right Turn, No Horn, T-Junction, No Left Turn and No U-
Turn. The findings was corroborated by Clement (2018) who said that one-way sign, road work ahead,
2-way ahead among others are not available in most States in Nigeria. Furthermore, Makinde and
Opeyemi, (2012) perceived that informative Signs are those signs that provides useful information on
where you can look for example rest area or the status of airport school, mosque, and church but most
of this signs are not available on the road.

The findings on hypothesis one revealed that there was a significant difference between the mean
response of motorist and Vehicle Inspection Officer (V10) on the availability of road signs and symbols
in Niger State. The findings of the study on hypothesis one was in line with the findings of Makinde &
Opeyemi (2012) where it was found out that there is significance difference in the mean ratings of the
responses of VIO and motorist.

The findings on research question two revealed that there is no awareness of road signs and symbols in
Niger State. The findings is in support of Abdur (2005) who carried out a study on driver understanding
of traffic signs, the study found that that most of the driver's in Dhaka city may not be understood the
meaning or they are confused about the meaning of the following warning, regulatory and informatory
signs encoded.

The findings on hypothesis two revealed that there was a significant difference between the mean
response of motorist and VIO on the level of awareness with road signs and symbols in Niger State.
Generally, the findings of the study on hypothesis two was in line with the findings of Jankaro, (2016)
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where it was found out that there is significance difference in the mean ratings of the responses of VIO
and motorist. The findings of Ibrahim & Bashir (2018) gave credence to the findings of this study on
hypothesis two as regards the level of awareness with road signs and symbols.

The findings on research question three revealed that there was no compliance of road signs and
symbols in Niger State. The findings agreed with Mubarak et. al. (2015) they found that there is a high
rate of traffic violations among motorists and it is leading to fatal accidents. The types of violations
include driving without wearing a seatbelt, wrong overtaking, running a red light or failing to stop while
the traffic warder instructs the motorists, speed up and following the wrong lane. Among other reasons,
traffic laws are violated by the drivers because of illiteracy, impatience, and lack of awareness,
disobedience of law by people of all classes in the country, including law enforcement agents, and
poverty.

The findings on hypothesis three revealed that there was a significant difference between the mean
response of motorist and V10 on the level of compliance with road signs and symbols in Niger State.
The findings of the study in agreed with Federal Road Safety Corps (2013) where it was found out that
there is significant difference in the mean ratings of the responses of VIO and motorist.

Conclusion

The study determines the level of awarenss and compliance with road signs and symbols among
motorists in Niger State. Both the Vehicle Inspection Officers (VIO) and motorist collaboratively
agreed that there are unavailability of road signs and symbols in Niger State. The study also revealed
that there was no awareness on road signs and symbols. The study also showed that there was no
compliance with road signs and symbols. Negligence and drunkenness are among the constraint
affecting the effective compliance with road signs and symbols among motorists in Niger State.
Furthermore, VIO required appropriate retraining through workshops and seminars to provide valuable
information to drivers where the road signs and symbols are not available in order to enhance movement
of motorist on the road.

Recommendations
The following recommendations were made based on the findings of this study;
1. The VIO should regularly organized an enlightment campaign to educate the drivers as regard
the awareness of road safety signs and symbols
2. There should be enforcement of speed limit device for both private, commercial and official
vehicles by the VIO to maintain speeding order, and installation of CCTV camera with visual
analyzes at the traffic lights to track traffic lights violators.
3. There should be construction of speed bumps before T-junctions, pedestrian crossing, traffic
lights and cross-roads (road interceptions). Thus, violators should be arrested and force to pay
a fine.
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Abstract

The study was designed to determine the competency needs of technical colleges carpentry and joinery
teachers in the use of Computer Numerical Control (CNC) Circular Saw Machine (CSM) in technical
colleges offering National Technical Certificate (NTC) in Carpentry and Joinery in North-West States,
Nigeria. Two research questions guideD the study while three null hypotheses formulated were tested
at 0.05 level of significance. The study made use of descriptive survey research design. The population
for the study were 255 subjects comprising of 78 Technical Colleges Carpentry and Joinery Teachers
130 Technical Colleges Carpentry and Joinery Students as well as 57 Carpentry and Joinery
Workshops Personnel in the seven North-West States. A 30 items questionnaire were used as on
instrument for data collection. The instrument was validated by five woodwork technology education
experts. The reliability of the instrument was determine using cronbach alpha reliability method and
internal consistency 0.85. The data collected was analyzed using mean and standard deviation to
answer the three research questions while Analysis of Variance (ANOVA) was employed to test the null
hypotheses at 0.05 level of significance with help of SPSS version 25. The findings of the study revealed
that Technical Colleges Carpentry and Joinery Teachers teaching NTC Carpentry and Joinery
Programme need competency in setting CNC (CSM) parameters such as: cutting speed and allowance
tolerance with average mean value of 3.10 and also, finding on setting-up, programming, operation of
computerized CNC (CSM) for ripping operation with average mean value 3.20. There is no significant
difference in the mean responses between carpentry and joinery teachers at the technical colleges on
the competency needs on ripping operation with computer numerical control circular saw machine and
also, There is no significant difference in the mean response between carpentry and joinery teachers at
the technical colleges on the competency needs on cross-cutting operation with computer numerical
control circular saw machine. It was concluded that technical colleges carpentry and joinery teachers
needs competency on setting of CNC (CSM) parameters, such as cutting speed, allowance tolerance,
programming, operation with computerized CSM for ripping operation. Based on the findings, it was
recommended that: The National Board for Technical Education (NBTE) should include ripping and
other carpentry and joinery operations using Computer Numerical Control Circular Saw Machine
(CSM) in NTC Carpentry and Joinery Programme Syllabus and also, Carpentry and Joinery
Administrators should organize seminars and workshops for Carpentry and Joinery Teachers on how
to operate CNC (CSM) especially, on different carpentry and joinery operations

Keywords: Carpentry and Joinery Teachers, Technical Colleges, Competency, Computer Numerical
Control Circular Saw Machine

Introduction

Carpentry and Joinery involves carrying-out advanced skilled work, primarily using timber products,
either on a construction site, or in a workshop, creating and installating building components. Example
of complex tasks include curved products, irregular joints and bespoke work. Carpentry and Joinery are
two special trades in woodworking construction. Carpentry entails the assembly of sawn timber, chiefly
for structural timber works.

In a simplest possible terms, joiners ‘Join” wood in a workshop and carpenters construct the building
elements on site of course, this is too far simplified a definition for understanding the important different
between the two. Therefore, we need to delve a bit deeper.
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Carpentry works tends to focus on larger elements, such as constructing and fitting roof trusses, stud
work and fitting floors and staircases. It also tends to be performed on site. You can usually distinguish
between it and joinery by remembering that joinery work tends to focus more on creation of wooden
components or using them in some way to create something else, like a roof truss. Carpentry is mostly
on structural works such as rafters, floor-wedges, formed floor construction, construction wooden roofs.
Carpentry deals more on exterior work construction which do not require machining, finishing making
proper joints or through seasoned timber.

Joinery is the process in which two or more sections of wood are connected. The work performed by
joiners is usually associated with creating a range of timber products. This include windows, doors and
staircases to specialized furniture, such as chairs, cabinets or tables. Usually, but not extensively, joinery
work based in a workshop due to the use of heavy machinery. Joinery deals more in interior finished
items such as furniture constructions making paneled framing for doors, windows, timber used for
joinery works requires more thoroughly seasoned red-wood proper jointing, machining, finishing and
S0 on.

The objective of Carpentry and Joinery Programm in Technical College is to provide knowledge,
practical skills, and sound moral training for students. Carpentry and Joinery is a trade that involves
using materials such as wood, nails, screws, iron-mongery and numerous chemicals in the construction
of doors, windows, roofs, wooden floors, and numerous other wood projects associated to occupations
in building trade, boat and ship building, vehicle body building, civil engineering, to mention but a few.

Craft work involves the use of implements to perform a desired task. Such performances require the
demonstration of skills. Skill is an ability to perform specific task (Department of Education, Science
& Training, 2006). Ogwo and Oranu (2006) described skilled actions in terms of sight, sound, or other
impressions sent to the mind which in turn directs the muscle. Later, through practice and repetition,
the actions become automatic or habitual.

Factors such as safety practices, selection and use of appropriate tools and materials, sound construction
technique, speed, expertness, exhibiting the right attitude to work, co-operation with other students,
obeying instructions, and quality of finished product are common features of skill disposition in
carpentry and joinery craft. Generally, skills comprise two components — the knowledge component
and activity component. The latter is made up of motor and perceptual skills. Haven stein’s model can
effectively be applied to teach and assess practical skills.
Carpentry and Joinery Basic Skills:

- Interpreting instructions and planning own work.
Adopting safe working practices.
Identifying, maintaining and using hand tools.
Setting-up and using portable power tools.
Handling timber-based materials and components.
The National Board for Technical Education (NBTE) Curriculum in Carpentry and Joinery Crafts
provides a guide for training of Technical, & Vocational Education and Training (TVET) “Experts”
leading to the award of National Technical Certificate (NTC) for Technical Colleges. The curriculum
of the carpentry and joinery programme is broadly divided into three components:

e General Education: This accounts for 30% of the total hours required for the programme.

e Trade Theory, trade practice and related studies all account for 65%, of which 30% and 70%
of the 65% are allocated to theory and practice respectively.

e Supervised Industrial/Work Experience — This accounts for 5% of the total hours.

The trade practice for the carpentry and joinery craft at NTC level are presented in the following
modules:

e CBM 12 — Basic Construction Management |

e CBC 11 - Introduction to Building Construction

e CTD 14 - Building Drawing |
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CMW 11 - Machine Woodworking |

CMW 12 - Machine Woodworking Il

CCJ 11 — Joinery |

CCJ 12 —Joinery 1l

CCJ 13 - Carpentry |

CCJ 14 — Carpentry 11

(Source: NBTE, 2007)

Technical Colleges (TCs) are post primary institutions where students are giving full vocational training
that will enable them acquire relevant knowledge, skills and attitude for paid or self-employment in
various occupations in the world of work. The programmes at a technical college, or trade school,
provide practical, specific skills that can offer the necessary education to begin a career upon completion
of the programme or necessary certification. Often, technical colleges focus on hands-on programmes
in allied health or mechanical trades including medical and dental assisting, welding, HVAC/R-MAR,
and truck driving. (Midwest Technical Institute, 2020). The National Policy on Education (FGN, 2013)
identified five types of technical education institutions outside the universities.

The institutions include the pre-vocational and vocational schools at post primary level, the
polytechnics, colleges of technical teachers’ education and technical colleges at the post junior
secondary school level (Olaitan, 2014). The NBTE decree number 9 of 1977 stipulated the functions of
the technical colleges in the country to include:

e Provision of full time or part time course of instruction and training in technology, applied
science and commerce and in such other field of applied learning, relevant to the needs of the
development of Nigeria in the areas of industrial, commercial and vocational agriculture.

e Training in professional studies in engineering and other technologies.

e Perform such other functions as in the opinion of the society as may serve to promote the
objectives of the technical colleges.

Technical Colleges are under the umbrella of National Board for Technical Education (NBTE).
According to (NBTE 2011) reported that the quality of academic programmes in technical colleges is
regulated by its body of curriculum development, supervision and periodic accreditation visits while
the National Business and Technical Examinations Board (NABTEB) is responsible for the examination
and certification of the occupational trades leading to the award of National Technical Certificate (NTC)
and Advanced National Technical Certificate (ANTC). The administration and supervision of technical
colleges is under the patronage of the ministries of education and the National Board for Technical
Education. Each technical college is headed by a Principal who supervises the college (Excellence and
Education Network, 2021).

The courses offered by the technical colleges According to NBTE (2017) the list of available
programmes in technical colleges is presented below:

e Automobile Trade: These trades comprise of auto electric works, motor vehicle mechanics,
vehicle body building, and agricultural implement mechanics

e Building and Woodwork Trades: These trades cover block laying, bricklaying & concreting,
carpentry and joinery, draftsmanship craft practice, furniture design and construction, machine
wood working, painting and decorating.

o Business Trades: consist of business studies, parts merchandising, typewriting, stenography

e Computer Trades: contain computer maintenance & GSM repairs, computer studies.

o Electrical/Electronic Trades: encompass appliances maintenance & repairs, electrical
installation and maintenance works, instrument mechanics, radio, television & electronics
work.

o Hospitality Trades: contain catering craft practice.
Mechanical Trades: embrace fabrication and welding, foundry craft, marine engineering,
mechanical engineering craft practice, plumbing and pipe fitting, refrigeration and air condition
work.
Printing Trades: are ceramic, graphic arts, and printing craft.

o Textile Trades: comprise garment making, leather trades, textile trades.
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e General Education Courses: include biology, chemistry, entrepreneurship education, ICT,
mathematics, physics, economics, technical drawing.

The programmes in the college were designed to train craftsmen and artisans for the profiting of the
individual and the economy. The curriculum for each trade shall consist of five components such as:
General education, theory and related courses, workshop practice, industrial training/ production work,
entrepreneurial training. And the teacher students’ ratio for effective participation of students shall be
at 1:20 (FRN, 2014).

The technical colleges play vital roles in Nigeria. They train and produce technicians for industry, they
impart vital technical skills in the youths, and they help towards the goal of self-employment and job
creation and in the struggle towards technological advancement and acquisition. Through the Technical
colleges, youths acquire such skills as skilled technicians: bricklayers, carpenters, painters and auto
mechanics; laboratory and pharmacy technicians, electrical/electronic technicians and skilled
vocational nurses.

According to the Federal Ministry of education "Technical Education is defined as that aspect of
education which leads to the acquisition of practical and applied skills as well as basic scientific
knowledge”. Technical education provides opportunities for the mastery of skills and knowledge in
selected occupations as well as for the development of personality for useful living. They
essentially: Provide general education, provide training in selected occupations, help trainees to develop
the requisite skills and abilities necessary for securing and retaining a job, help in creating employment
and self-employment. The curricula of vocational schools are centered on craft/engineering trades,
agriculture, business and home economics. Today there are over 130 Technical Colleges made up of: 19
Federal Technical Colleges, 110 State technical Colleges, and 3 private Technical Colleges. The
duration of courses at Technical Colleges is three years (for intensive instruction in classroom work and
workshop practice) at the end of the programme candidates can apply and write the:

e City and Guilds of London Institute examinations and obtain their certificates.

o Federal Craft Certificate.

e Ministry of Labour Trade Tests. On completion, students can move to polytechnics or federal

universities of technology through JAMB (Excellence and Education Network, 2021).

To get the competency for the carpentry and joinery teachers in the use of Computer Numerical Control
(CNC) Circular Saw Machine for teaching practical class that always produces number of graduates in
NTC in Carpentry and Joinery Programme is of paramount. The Carpentry and Joinery Teachers’
competence calls for compelling alternatives needs to help improve the level of knowledge and
competence of NTC students/graduates of Carpentry and Joinery NTC programme in the use of digital
circular saw machine to operate effectively and efficiently. This could be improvement because the
carpentry and joinery teachers must be competent in operating these kinds of new modern machines,
but reverse is the case (Ugwu & Agbo, 2015). Competency is an essential ability obtained in a
profession and those which the professional in the field must possess and be able to demonstrate at
optimal level of functioning. Olaitan (2003) referred to competency as knowledge, skill and attitude
that are required for successful performing of the task. Competency as applied in this study is the
knowledge, skills and attitude or training ability woodwork technology education lecturers must possess
to operate CNC Circular Saw Machine (CSM) for effective delivery of practical skills class without
difficulties. CNC Circular Saw Machine (CSM) also known as Computer Numerical Control (CNC)
circular saw machine has revolutionized the world of highly precise woodworking.

The CNC circular saw machine can be defined as the computerized technology in which the functions
and the motion of circular saw machine tools are controlled by means of a prepared programme
(software) containing coded alphanumeric programme data (Ashley et. al. 2016).The CNC circular saw
machining processes have been developed to meet extra required machining conditions. Circular Saw
CNC Machine is electro-mechanical device that manipulate saw using computer programming inputs.
It is the name given to a machine containing a spindle or router that receives its fabricating marching
orders from a computer such as a laptop or desktop unit containing Computer Aided Design (CAD)
software.
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In a Circular Saw CNC machine depending on the models ability, software and accessories, these orders
direct the spindle to cut wood (typically, up to %” deep) carve drill holes, and shape a work piece along
various axes (from three to five) according to the invented design. It allows you to input the most
specific commands that would be difficult for a human to do by hand and it is able to complete the
woodworking design in just a matter of minutes (Ashley et. al. 2016).

The CNC circular saw machine is a manufacturing technology in the 21 century which brought about
changes from the manual traditional machining process to a new machining process which is more
suitable for precision machining of hard and brittle materials (including wood) (Jan, 2010). That is, the
use of computer technology in the world in many aspects of human endeavour comes with computer
such as woodworking machinery including CNC circular saw machine to save human labour, time,
materials both in the process and products.CNC circular saw machine offers many advantages over
traditional machining processes such as: providing high accuracy and surface finish; prolong tool life;
ability to machine very hard and fragile materials that are difficult for traditional machining, can also
be carried-out by successful train students.

To enable carpentry and joinery students at NTC (Carpentry and Joinery) program to acquire workplace
skills with the aid of CNC circular saw machine therefore depend on the ability level of woodwork
technology education lecturers in getting knowledge on how to operate CNC Circular Saw Machine
(CSM). In recent times, several countries of the world and some in African tertiary institutions are
acquiring practical skills through the use of digital circular saw machine that is, using computer to direct
or control the machines in order to boost learning outcome has become very difficult (Khan et al., 2012).
This is because of the different operation and application of the CNC (CSM).

Application of CNC (CSM) in teaching and learning helps inculcating lifelong and workplace skills for
future enterprise (Robert, 2014). Ogbuanya & Bakare (2016), introducing newly machining technology
advancement into education improves teaching and learning but it cannot take the place of teacher in
developing nations like Nigeria. Uwaifo (2009) was the view that the current trend of globalization
requires the technical colleges’ carpentry and joinery teachers in NTC (Carpentry and Joinery)
programme are with the latest technology to produce NTC (Carpentry and Joinery) graduates with skills
and competencies to cope in a CNC workplace. Education unlocks the door of modernization but is the
teacher who holds the key to the door. Technical Colleges Carpentry and Joinery Teachers are the hubs
or pivots on which any successful NTC (Carpentry and Joinery) Programme depend and if teachers
perform their tasks dutifully, there will certainly be a myriad of new technologies in the future of
carpentry and joinery students. To perform successfully as teachers of carpentry and joinery will have
to undergo constant training and competency programme continually to keep them abreast with
changing dynamic in practical skills teaching and learning (Jurgen et al, 2017).

Statement to the Problem

The inability of carpentry and joinery teachers operate the CNC (CSM) in delivering practical class
lesson could be attributed to inadequate experiences or competencies in using CNC (CSM). Jimoh et
al., (2018) was of the view that: effective delivery of technology courses using computer in tertiary
institutions in South-Western, Nigeria” need capacity building for effective delivery. This implies that
for carpentry and joinery teachers to be able to utilize CNC (CSM) effectively and efficiently, they need
competency on how to operate CNC (CSM) for effective and efficient delivery of practical class with
students, as well as carpentry and joinery students for managing this new technology machine
successfully and also, carpentry and joinery workshops personnel for conducting their many wooden
constructions operations. It is therefore, pertinent to determine the competency needs of carpentry and
joinery teachers in NTC (Carpentry and Joinery) Programme in the use of CNC Circular Saw Machine
(CSM) for effective and efficient delivery of practical skills lessons with the students in North-West
States Zone, Nigeria. This will go a long way to provide quality education which is one of the
sustainable development goals.

Purpose of the Study
(1) Competency needs of technical colleges’ carpentry and joinery teachers on ripping operation
with computer numerical control circular saw machine.
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(2) Competency needs of technical colleges’ carpentry and joinery teachers on cross-cutting
operation with computer numerical control circular saw machine.

Research Questions
(1) What are the competency needs of technical colleges’ carpentry and joinery teachers on ripping
operation with computer numerical control circular saw machine?
(2) What are the competency needs of technical colleges’ carpentry and joinery teachers on cross-
cutting operation with computer numerical control circular saw machine?

Hypotheses

HO;:: There is no significant difference in the mean responses of teachers, students and workshop
personnel on the competency needs on ripping operation with computer numerical control circular saw
machine.

HO,: There is no significant difference in the mean responses of teachers, students and workshop
personnel on the competency needs on crosscutting operation with computer numerical control circular
saw machine.

Methodology

Descriptive survey research design was considered suitable for this study. This research design is mostly
applied to real life situation in education where need to determine the competence needs. Olaitan et al.
(2010) stated that the descriptive survey research design is the plan, structure and strategy that the
investigator/researcher wants to adopt in order to obtain solution to research problems using
questionnaire in collecting, analyzing and interpreting the data.

The study was carried-out in North-West States of Nigeria. Technical colleges offering NTC (Carpentry
and Joinery) Programme in the geographical zone were inclusive. The North-West Geographical Zone
of Nigeria comprises seven states of the country’s 36 states. These are Jigawa, Kaduna, Kano, Katsina,
Kebbi, Sokoto and Zamfara States. The zone covers an area of 216,065 square kilometres or 25.75% of
the Nigeria’s total land marks (Premium Times Nigeria, 2017).

The reasons of choosing North-West States Zones technical colleges offering NTC (Carpentry and
Joinery) Programme on competence needs for the technical colleges carpentry and joinery teachers in
the use of computer numerical control circular saw machine for the study is because: These institutions
have Digital Circular Saw Machine (DCSM) in their woodwork technology education workshops, but
not judiciously utilize in training the students.

The population of the study was 255 respondents, this include: 78 technical colleges carpentry and
joinery teachers and 187 technical colleges carpentry and joinery students at NTC (Carpentry and
Joinery) Programme all of them from the seven states in the North-West, Nigeria.

Purposive sampling technique was used for selection of the technical colleges carpentry and joinery
teachers and technical colleges carpentry and joinery students in seven states of North-West, Nigeria
that respondents for the instrument for the study.

A 20-items questionnaire titled: Computer Numerical Control Circular Saw Machine Competence
Needs of Technical Colleges Carpentry and Joinery Teachers Questionnaire (CNCTCCJTQ) was
developed by the researcher based on literature reviewed. The instrument consisted of section one as
the personal data of technical colleges carpentry and joinery teachers and technical colleges carpentry
and joinery students while, section two contains the competency needs of technical colleges carpentry
and joinery teachers on ripping, cross-cutting, and grooving operations on the computer numerical
control circular saw machine in NTC (Carpentry and Joinery) programme and also, each item of the
guestionnaire was assigned a four point scale response of: Highly Needed (HN) = 4, Needed (N) = 3,
Slightly Needed (SN) = 2, Not Needed (NN) = 1.
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The instrument was subjected to face for construct and content validity by five woodwork technology
education experts, one from Department of Industrial and Technology Education, School of Science
and Technology Education, Federal University of Technology, Minna, one woodwork technology
education expert from Department of Woodwork Technology Education, College of Technical and
Vocational Education of Kaduna Polytechnic. three woodwork technology education experts from
Department of Woodwork Technology Education, School of Secondary Education (Technical) of
Federal College of Education (Technical) Bichi, Kano State. They were requested to use their
woodwork technology education expertise in determining the suitability of the instrument items for data
collection. Their observations, corrections and suggestions were used to develop the final copy of the
instrument.

The pilot test was conducted at Federal Science and Technical College Shiroro, Niger State which is
outside the area of study. The respondents comprised of 53 subjects, 13 technical colleges’ carpentry
and joinery teachers and 40 technical colleges’ carpentry and joinery students. The internal consistency
of the questionnaire items was established using Cronbach Alpha Reliability Method. The closer the
Cronbach Alpha is to 1, the higher the internal consistency (Olelewa & Agomuo, 2016). The reliability
of the instrument was found to be 0.86. The Statistical Packages for Social Sciences/Statistical Product
and Service Solutions (SPSS version 23) was employed to analyze data collected from the respondents.

Two hundred and fifty five copies of the questionnaire was administered to technical colleges’
carpentry and joinery teachers and 40 technical colleges’ carpentry and joinery students offering NTC
(Carpentry and Joinery) Programme (using purposive sampling) from each state in the North-West,
Nigeria with helps of thirteen (13) Research Assistants (RAS) from each seven states of North-West of
Nigeria, for separation of instruments to respondents and collecting the instruments when it is filled by
the respondents in North-West, Nigeria.

Mean and Standard Deviation was used to answer research questions one to three. Any item with a
mean value of 2.50 or above was regarded as Needed (N) while any item with a mean value of less than
2.50 was regarded as Not Needed (NN). Analysis of Variance (ANOVA) statistics was used for testing
the hypotheses using P-Value to determine the level of significance at 0.05, if the level of significant is
below or less than (p<0.05) therefore the result shows that: there is significant in the testing hypothesis
while, if the level of significant is above or greater than (p>0.05) therefore the result shows that: there
is no significant in the hypothesis tested.

Research Question 1
What are the competency needs of technical colleges’ carpentry and joinery teachers on ripping
operation with computer numerical control circular saw machine?

Mean and Standard Deviation on the Competency Needs of Technical Colleges’ Carpentry and
Joinery Teachers on Ripping Operation with Computer Numerical Control Circular Saw
Machine

SINO. ITEMS X1 X, X; XA SD REM

1. Switch ON/OFF the CNC Circular Saw 3.19 333 338 340 .74 N
Machine (CSM) computer and machine.

2. Ability to Interpret drawing and data of 3.21 324 275 300 .69 N
ripping dimension using (CNC) CSM.

3. Programme the code for the CNC (CSM) 2.77 280 320 240 .77 NN

from the data or set-up the automated
software to generate the code for ripping

operation.

4. Sequencing the ripping operation in the 3.15 3.00 320 290 .75 N
correct order using CNC (CSM).

5. Select and check appropriate CNC (CSM) 3.16 3.09 320 270 .67 N
for ripping operation.

6. Set CNC (CSM) parameters such as: 3.09 343 322 310 .69 N

cutting speed and allowance tolerance.
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7. Operate the CNC (CSM) computer and 3.13 329 318 320 .70 N
machine while ripping.

8. Inspect the quality of the finished product 3.16 3.05 333 340 .8 N
against industry standards.

9. Rectify any faults with the end product 3.09 324 303 320 .83 N
after ripping operation with CNC (CSM).

10. Set-up, programme, operate computerized 3.10 3.23 3.00 320 .74 N
CNC circular saw machine for ripping
operation.

Source: Field Work

KEYS: X1= Mean Responses of Technical Colleges Carpentry and Joinery Teachers, X, = Mean
Responses of Technical Colleges Carpentry and Joinery Students, X3 = Mean Responses of Technical
Colleges Carpentry and Joinery Workshops Personnel, X, = Average Mean Responses of all the three
Respondents, SD = Standard Deviation, REM = Remark, N = Needed & NN = Not Needed.

The results on Table 1 revealed that the respondents needed items (1, 2,4,5,6,7,8,9 & 10) on the extent
of need of competency on ripping operation of technical colleges’ carpentry and joinery teachers using
CNC Circular Saw Machine (CSM) in North-West, Nigeria average mean ranging from 2.40 to 3.40.
However, respondents did not need item 3 of competency needs on ripping operation for technical
colleges’ carpentry and joinery using CNC Circular Saw Machine (CSM) in North-West, Nigeria with
mean of 2.40 less than mean value 2.50. Table 1 also showed that the standard deviation of items ranges
from 0.63 to 0.83 showing the respondents were close to one another.

Research Question 2
What are the competency needs of technical colleges’ carpentry and joinery teachers on crosscutting
operation with computer numerical control circular saw machine?

Table 2: Mean and Standard Deviation on the Competency Needs of Technical Colleges’
Carpentry and Joinery Teachers on Crosscutting Operation with Computer Numerical
Control Circular Saw Machine

S/INO. ITEMS X X; X3 Xa SD REM

1. Switch ON/OFF CNC (CSM) computer 2.99 3.10 350 3.10 79 N
and machine.

2. Programme cutting list on the CNC 3.12 340 320 3.30 79 N
(CSM) automatically.

3. Set the CNC (CSM) on up stroke for the 3.21 330 3.20 2.90 75 N
cross-cutting operation.

4. Regulate the volume of stroke to either 3.13 3.40 3.20 3.00 62 N
high or low mode as desired.

5. Use the CNC (CSM) ultimately for safe 3.24 2.80 3.00 3.40 76 N
and high productivity.

6. Start the CNC (CSM), adjust controlsand 3.27 3.40 320 3.40 76 N
make trial cuts to ensure that is operating
smoothly.

7. Examine  finish work piece for 3.11 320 260 3.10 68 N

conformance to specifications and verify
dimensions while using CNC (CSM).
8. Set-up, programme or operate or tend 3.00 3.00 3.40 3.10 66 N
computerized CNC circular saw machine
for cross-cutting operation.
9. Monitor the CNC (CSM) cross-cutting 3.11 3.40 3.20 3.00 74 N
operation and make adjustments to correct
problems and ensure conformity with the
specifications.
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10. Examine wood stock for defects and to 3.12 340 350 3.10 73 N
ensure conformity with the size and other
specification standards.

Source: Field Work

KEYS: X1= Mean Responses of Technical Colleges Carpentry and Joinery Teachers, X, = Mean
Responses of Technical Colleges Carpentry and Joinery Students, X3 = Mean Responses of Technical
Colleges Carpentry and Joinery Workshops Personnel, X, = Average Mean Responses of all the three
Respondents, SD = Standard Deviation, REM = Remark, N = Needed & NN = Not Needed.

The results on Table 2 revealed that the respondents needed items (1, 2, 3, 4, 5, 6,7,8,9 & 10) on the
extent of needed of competency on ripping operation of technical colleges’ carpentry and joinery
teachers using CNC Circular Saw Machine (CSM) in North-West, Nigeria average mean ranging from
2.40to 3.40. However, respondents needed all competency needs on crosscutting operation for technical
colleges’ carpentry and joinery using CNC Circular Saw Machine (CSM) in North-West, Nigeria with
mean of 2.40 less than mean value 2.50. Table 2 also showed that the standard deviation of items ranges
from 0.63 to 0.83 showing the respondents were close to another.

Testing Hypotheses

Table 3: One-Way ANOVA of Mean Scores of Respondents on the Competency Needs of
Technical Colleges Carpentry and Joinery Teachers on Ripping Operation with
Computer Numerical Control Circular Saw Machine

Source Sum of Df Mean F Sig. (P-Value)
Squares Square

Between 0.928 2 0.464 6.221  0.003

Groups

Within Groups 6.044 81 0.075

Total 6.972 83

Source: Field Work

The result of analysis as presented on Table 43showed that there is significant difference (P<0.05) in
the mean scores of the respondents. The hypothesis one was therefore upheld (Needed). The data
supported the one, (2, 81) = 6.221, P(Sig.) = 0.003.

Table 4: One-Way ANOVA of Mean Scores of Respondents on the Competency Needs of
Technical Colleges Carpentry and Joinery Teachers on Crosscutting Operation with
Computer Numerical Control Circular Saw Machine

Source Sum of Df Mean F Sig. (P-Value)
Squares Square

Between 0.104 2 0.052 0.705  0.497

Groups

Within Groups 5.962 81 0.074

Total 6.066 83

Source: Field Work

The result of analysis as presented on Table 4 showed that there is no significant difference (P<0.05) in
the mean scores of the respondents. The hypothesis one was therefore upheld (Needed). The data
supported the one, (2, 81) = 0.705, P(Sig.) = 0.497.

Discussion

The results of the study revealed that NTC (Carpentry and Joinery) programme carpentry and joinery
teachers are ready to receive competency on grooving operation using CNC circular saw machine
(CSM) for delivery of practical class together with their students. Mean responses of the respondents
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are needed as appropriate because in all the items ranges are from 2.70 on average mean responses of
all the three groups of respondents, greater than 2.50. Moreover, the responses of carpentry and joinery
students at NTC (Carpentry and Joinery) programme as well as needs of technical colleges carpentry
and joinery teachers competency are needed as appropriate because there is significant difference in the
mean responses as indicated on the hypotheses with p-value less than the level of significance (p<.005),
the no significant level at .084 (p>.005).

The results of the study revealed that NTC (Carpentry and Joinery) programme technical colleges
carpentry and joinery teachers are ready to receive competency on grooving operation using CNC
circular saw machine (CSM) for delivery of practical class together with their students. Mean responses
of the respondents are needed as appropriate because in all the items ranges are from 2.50, only item
number 14 average mean response value at: 2.90 greater than 2.50 and above. Moreover, the responses
of technical colleges carpentry and joinery students at NTC (Carpentry and Joinery) programme as well
as carpentry and joinery workshops personnel needs of competency are needed as appropriate because
there is no significant difference in the mean responses as indicated on the hypotheses with p-value
greater than the level of significance (p>.005), the significant level at .89.

Conclusion

The purpose of the study was to determine the competency needs of technical colleges’ carpentry and
joinery teachers in NTC (Carpentry and Joinery) programme in using CNC Circular Saw Machine
(CSM). The two research questions were designed for study on skills of how to operate CNC (CSM)
as: grooving and crosscutting operations for effective and efficient in the practical skills class. Based
on the findings of the study, the mean responses of the three groups of respondents shows the need and
ready to receive competency how to operate CNC Circular Saw Machine (that is, for all the three
research questions) only one item for the whole instrument at level of not needed for the whole
respondents.

On the other hand, there is significant difference in the research question one indicating the level of
significant at .084 (P<.05) on hypothesis testing on the competency needs of technical colleges
carpentry and joinery teachers on grooving operation with CNC circular saw machine. There is no
significant in the research question two indicating the level of significant at .89 (P>.005) on hypothesis
testing on the competency needs of technical colleges carpentry and joinery teachers on crosscutting
operation with CNCS circular saw machine.

Recommendations
The study recommended the following based on the findings of the study:

1. National Board for Technical Education (NBTE) should include CNC Circular Saw Machine
(CSM) in NTC (Carpentry and Joinery) Programme.

2. Government should organize seminars and workshops for NTC (Carpentry and Joinery)
technical colleges’ carpentry and joinery teachers on how to use CNC Circular Saw Machine
(CSM).

3. Technical colleges’ carpentry and joinery teachers and their students should be encouraged to
make use of the developed CNC Circular Saw Machine for NTC (Carpentry and Joinery)
Programme.

4. Governments and Non-Governmental Organizations should try as much as possible to purchase
more CNC Circular Saw Machines (CSMs) for carpentry and joinery workshops in technical
colleges’ offering NTC (Carpentry and Joinery) programme.

5. The management of technical colleges’ offering NTC (Carpentry and Joinery) Programme
should take care of the maintenance of CNC Circular Saw Machines (CSMs).

6. The management of technical colleges’ offering NTC (Carpentry and Joinery) Programme
should also, make provision of standby generator incase of failure from National Power
Holding Company for operating CNC Circular Saw Machine (CSM).

7. The management of technical colleges’ offering NTC (Carpentry and Joinery) Programme
should, provide competency needs to technical colleges’ carpentry and joinery workshops
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personnel on how to operate CNC Circular Saw Machine (CSM) for carpentry and joinery
carrying-out operations such as ripping and cross-cutting.
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Abstract

The study examined the perception of agricultural and woodwork teachers on use of Covid-19 Astra
Zeneca vaccine in senior secondary schools in Bauchi Metropolis. Three objectives and three research
questions guided the study. The study adopted a descriptive survey research design. The population of
this study comprised 208 agricultural and woodwork teachers in senior secondary schools. A structured
guestionnaire was used as instrument for data collection and validated by three experts. Data collected
was analysed and the result showed that, agricultural and woodwork teachers viewed covid-19 Astra
Zeneca vaccine as dangerous, agricultural and woodwork teachers rejected the use of Astra Zeneca
Vaccine and refusing Astra Zeneca vaccine by respondents increases the risk of transmission of the
virus. It was recommended that, Policy makers should formulate policy that will enable agricultural
and woodwork teachers in addressing challenges relating to negative perception on the use of covid-
19 Astra Zeneca Vaccine.

Keywords: Astra Zeneca Vaccine, Agricultural and Woodwork Teachers, Corona Virus, Perception

Introduction

Most governments around the world have temporarily closed educational institutions in an attempt to
contain the spread of the Covid-19 pandemic. The Covid-19 crisis has significantly affected the
educational sector across all regions due to safety preventive measure to curtail the spread of Covid-
19. The closure of school has interrupted the functioning of the school system, reducing students
learning and restricting the activities of educational authorities, parents and decision makers
(UNESCO, 2020). Millions of students have not been able to continue learning in schools, universities,
vocational training institutions and adult learning programmes. Many governments responded to the
pressing need to provide school children with learning possibilities via online and distance learning
(Olumofe, 2021). Although precautions were taken, the students ' learning process was negatively
affected. Students who have been stripped of their freedom due to Covid-19 are deeply concerned about
when face to face education will happen. However, there were concerns on the impact of prolonged
school closures on school-drop-out rates, learner’s academic achievement, and numbers of out of
school children and the ineffectiveness of remote learning. In an effort to re-open schools,
presumptions survey took place in October 2020 with all stakeholders in the educational sectors
(parents/guardians, learners, teachers/facilitators and educational managers) with total of 7403
respondents across Nigeria, to determine their perspectives on schools reopening. Federal government
of Nigeria orders school to re-open on October 12, urged all state and privates school to work out their
modalities to re-open their schools and advice all institutions to adhere to presidential task force
guidelines on re-opening of schools (Olivia, 2020).

The official name of covid-19 Astra zeneca vaccine is "Vaxzevria" but most people call it "Astra
Zeneca “. There is broad agreement with in the global scientific community that the most effective way
to defeat the Covid-19 pandemics through the massive vaccination of populations around the world.
The development of vaccines for Covid-19 has been a power fouled menstruation of how substantial
public funding, intense focus, and unprecedented levels of scientific collaboration can help spur
innovation to address global public needs in very short time (Harris, et al 2021). However, the approval
and roll out of vaccines does not raid the immediateness of the health crisis, as attaining herd immunity
will require the vaccination of a very substantial proportion of population, and is therefore a major
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challenge (OECD, 2021). They need to promote confidence among the public in ensuring effectiveness
and safety of the vaccines, as well as the capacity of governments to manage the logistical challenges
competently. Nigeria received four million doses of the Modern a Covid-19 vaccine from the
United States as the West African nation steps up efforts to battle a third wave of infections.
Nigeria home to some 210 million people used the four million doses of the Astra Zeneca vaccine
it received to start its nationwide in oculation programme. Reaching Bauchi, Bauchi metropolis,
despite widespread recognition that covid-19 is a critical issue to teachers at all level of education.
Many remain unwilling to be vaccinated due to past experience with vaccines, level of education
and knowledge, perceived importance of vaccination, subjective norms and religious belief, risk
perception and trust. More broadly, the pandemic has triggered wide spread disinformation that has
undermined both understanding and acceptance of science and public policy that extended to the issue
of vaccine acceptance (De-Figueredo, 2020).

Factors that play a role of not receiving or accepting covid-19 Astra zeneca vaccine includes; the
speed at which the vaccine was developed and approved within less than one-year is a concerned
to many peoples over the safety of the vaccine. The number of questions regarding the durability
of the immune response following the vaccination and vaccine effectiveness to limit the
asymptomatic spread remained unanswered in the clinical trials which make the peoples to think
over the safety of the vaccine. As schools were reopened after covid-19 pandemic which lead to
closure of schools, preventive measures were taken such as social distance, washing of hands
frequently, wearing of face mask, using hand sanitizer, no shaking of hands, avoiding gathering, which
affect academic performance of students due to social distance, fear of the disease etc. The best way of
living a normal life, performing well in our academic performance is by taken vaccine to prevent the
spread of the disease.

Statement of the Problem

It has been observed that most of the agricultural and woodwork teachers in senior secondary schools
of Bauchi metropolis has been discouraged from accepting and using Covid-19 Astra Zeneca vaccine,
this is due to fear and lack of trust of the vaccine, lack of knowledge and improper awareness on the
vaccine among the teachers. According to WHO (2020) the easiest way to prevent the spread of Covid-
19 is by vaccinating the globe. Therefore, agricultural and woodwork teachers need to accept theses
vaccines by removing fear and building a trust in vaccine and critically believing on the ability of
government to communicate by given a proper knowledge and awareness on vaccine and deliver
vaccine safety and effectively to agricultural and woodwork teacher’s in senior secondary schools in
Bauchi metropolis. This study will design to determine the agricultural and woodwork teacher’s
perception on the use of Covi-19 Astra Zeneca vaccine in senior secondary schools, Bauchi metropolis.

Purpose of the study

The main purpose of this study is to determine the perception of agricultural and woodwork teachers

on the use of Covid-19 Astra Zeneca vaccine in senior secondary schools in Bauchi metropolis. The

specific objectives of the study are to:

1. Todetermine views of agricultural science and woodwork teachers towards covid-19 Astra Zeneca
vaccine in senior secondary schools in Bauchi metropolis.

2. To find out agricultural science and woodwork teachers acceptability of Astra Zeneca vaccine in
senior secondary schools in Bauchi metropolis on Covid-19.

3. To determine the implication of Covid-19 Astra Zeneca vaccine on agricultural science and
woodwork teachers in senior secondary schools in Bauchi metropolis.

Research Questions

1. To what extent does agricultural and woodwork teachers view covid-19 Astra Zeneca vaccine in
senior secondary schools in Bauchi metropolis?

2. What is the level of agricultural and woodwork teachers’ acceptability of covid-19 Astra Zeneca
vaccine in senior secondary schools in Bauchi metropolis?

3. What is the implication of refusing Astra Zeneca vaccine by agricultural and woodwork teachers in
senior secondary schools in Bauchi metropolis?
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Methodology

Descriptive survey research design was adapted for the study. Sambo (2008) described descriptive
survey research as a method of data collection using questionnaire or interview to collect data from a
sample that has been selected to represent a population to which the findings of the data analysis can be
generalized. Three objectives and three research questions guided the study. The population of this
study comprised 208 agricultural and woodwork teachers in senior secondary schools. Simple random
sample technique was used for this study.one hundred and twenty-six (126) agricultural and woodwork
teachers were sampled. The instrument was administered to the respondents at their various locations
with the help of three research assistants and the researcher. Structured questionnaire was used as an
instrument for data collection, which contain thirty items grouped under perception of agricultural and
woodwork teachers on the use of Covid-19 Astra Zeneca vaccine. The original draft of the instrument
was subjected to face and content validation by three experts in department of Vocational and
Technology Education, ATBU Bauchi. Data was collected and analyzed using descriptive statistic of
mean and standard deviation. The benchmark of five points Likert scale is 3.00 (Okolocha & Nwadiani,
2015). In order to determine the agreement or level of acceptance of each item statement of the
guestionnaire decision based on real limit of numbers was used, any item with a mean rating above 3.00
is regarded as agree, while any item with a mean rating below 3.00 is regarded as disagree.

Results
Research Question one: To what extent does agricultural and woodwork teachers viewed covid-19
Astra Zeneca vaccine?

Table 1: Mean Responses of the Respondents on the view of Agricultural and Woodwork
Teachers toward COVID-19 Astra Zeneca Vaccine

S/ ltems Mean  Std. Remarks

N Dev.

1 Agricultural and woodwork teachers fear the 4.67 1.41 Agreed
risk of taking the vaccine.

2 Based on people speculation, those who receive  4.39 2.12 Agreed

the Covid-19 Astra Zeneca vaccine will die
within two years.

3 Agricultural and woodwork teachers lack trust 4.64 1.41 Agreed
of taking Covid-19 Astra Zeneca vaccine.

4 Covid-19 Astra Zeneca vaccine was producedto  4.17 2.12 Agreed
prevent further spread of the virus.

5 Agricultural and woodwork teachers perceived 4.71 2.83 Agreed

that, the Covid-19 Astra Zeneca vaccine have an
auto track chip problem.

6 Covid-19 Astra Zeneca vaccine is less harmful 2.89 2.83 Disagreed
since it was first administered to the political
leaders and health workers.

7 Agricultural and woodwork teachers view 2.75 2.83 Disagreed
Covid-19 Astra Zeneca vaccine as authentic
since it was produced by the foreign countries.

8 Covid-19 Astra Zeneca vaccine administrators 4.53 2.12 Agreed
lack proper knowledge and improper awareness
of the vaccine

9 Do you believe that, the Covid-19 Astra Zeneca 3.82 2.12 Agreed

vaccine is a western world plan to depopulate
black human race
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10  Agricultural and woodwork teachers view 3.03 1.41 Agreed
Covid-19 Astra Zeneca vaccine have possessed
precautionary quality to prevent people after
vaccination

Grand Mean 3.96

The table 1 above shows ten items with mean values ranging from 2.75 to 4.71. Eight

out of the ten items were agreed with the mean ranging from 3.03 to 4.71 and Standard Deviation of
1.41 to 2.83 respectively. While two were disagreed because the mean fell below the cut off mean of
3.00 which ranging from 2.75 to 2.83 and Standard Deviation of 2.83 respectively. The eight items were
agreed because their mean values were rated above the cut off mean of 3.00.

Research Question Two: What is the level of agricultural and woodwork teachers on Acceptability of
Astra Zeneca Vaccine?

Table 2: Mean Responses of Agricultural and Woodwork Teachers on Acceptability of Astra
Zeneca Vaccine

S/ Items Mean  Std. Remarks

N Dev.

11  Agricultural and woodwork teachers considered 3.07 141 Agreed
Covid-19 Astra Zeneca vaccine to be effective and
authentic.

12 Inyour school, agricultural and woodwork teachers 2.60 2.83 Disagree
accept Covid-19 Astra Zeneca Vaccine. d

13 Agricultural and woodwork teachers accepted the 2.46 2.83 Disagree
COVID-19 Astra Zeneca vaccine risk. d

14 Fear of accepting Covid-19 Astra Zeneca vaccine 4.75 2.12 Agreed

hinder agricultural and woodwork teachers from
accepting the vaccine.
15 Due to lack of innovative genetic-based 3.50 2.83 Agreed
technologies of knowledge and improper
awareness, agricultural and woodwork teachers
reject Covid-19 Astra Zeneca vaccine.

16  Traditional and religious believes influence 2.89 2.83 Disagree
agricultural and woodwork teachers from accepting d
Covid-19 Astra Zeneca vaccine.

17 Only one vyear creation framework makes 3.78 1.41 Agreed

agricultural and woodwork teachers rejection of
Covid-19 Astra Zeneca vaccine.

18  Agricultural and woodwork teachers lack trust on 4.71 0.71 Agreed
accepting the Covid-19 Astra Zeneca vaccine.
19 Evident of Covid-19 Astra Zeneca vaccine side 4.32 2.83 Agreed

effects, force agricultural and woodwork teachers
level of rejection.

20  Covid-19 Astra Zeneca vaccine has an advance 3.21 2.12 Agreed
effect on patients based on gender in educational
setting
Grand Mean 3.52

The table 2 above shows ten items with mean values ranging from 2.46 to 4.75. Seven out of ten items
were agreed with the mean ranging from 3.07 to 4.75 and Standard Deviation of 0.71 to 2.83
respectively while three were disagreed because the mean fell below the cut off mean of 3.00 which
ranging from 2.46 to 2.89 and Standard Deviation of 2.83 respectively. The seven items were agreed
because their mean values were rated above the cut off mean of 3.00.
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Research Question Three: What is the Implication of covid-19 Astra Zeneca vaccine on agricultural
and woodwork teachers?

Table 3: Mean Responses of the Respondents on Implication of Covid-19 Astra Zeneca Vaccine
on Agricultural and Woodwork Teachers

S/IN  Items Mean Std. Dev. Remarks

21  Use of Covid-19 Astra Zeneca vaccine reduces 3.14  2.12 Agreed
the transmission of the spread of the virus.

22 Acceptance of the Covid-19 Astra Zeneca 3.42  2.12 Agreed

vaccine reduced level of hospitalization among
agricultural science teachers.

23 Covid-19 Astra Zeneca vaccine reduce 3.14 212 Agreed
likelihood of virus symptomatic in our schools

24 Covid-19 Astra Zeneca vaccine could prevent 3.21  2.83 Agreed
mortality rate among agricultural and woodwork
teachers.

25  Covid-19 Astra Zeneca vaccine leads to 4.42 141 Agreed

abdominal pain and rash after the administration
of the vaccine.

26  After vaccination, agricultural and woodwork 4.17  1.41 Agreed
teachers experienced excessive sweating.

27  After vaccination, agricultural and woodwork 4.35  2.83 Agreed
teachers experienced excessive dizziness

28  Agricultural and woodwork teachers experienced 4.21  2.12 Agreed
excessive fever after vaccination.

29  Agricultural and woodwork teachers experienced 4.14  2.12 Agreed
excessive allergic reaction after vaccination.

30  After vaccination, agricultural and woodwork 4.35  2.83 Agreed
teachers experienced excessive muscle pain.
Grand Mean 3.86

The table 3 above shows ten items with mean values ranging from 3.14 to 4.42. All the ten items were
agreed with the mean ranging from 3.14 to 4.42 and Standard Deviation of 1.41 to 2.83 respectively.
The ten items were agreed because their mean values were rated above the cut of mean of 3.00.

Findings of the Study

1. Agricultural and woodwork teachers viewed covid-19 Astra Zeneca vaccine as dangerous
hence shown high fear or anxiety.

2. Agricultural and woodwork teachers rejected the use of covid-19 Astra Zeneca Vaccine.

3. Refusing Astra Zeneca vaccine by agricultural and woodwork teachers increases the risk of

transmission of the spread of the virus.

Discussion of Finding

From the first finding of the study that, there is high fear or anxiety on the use of Covid-19 Astra Zeneca
vaccine and high side effect on the use of Covid-19 Astra Zeneca vaccine which makes many
Agricultural and woodwork teachers fear the risk of accepting Covid-19 Astra Zeneca vaccine in senior
secondary schools, Bauchi metropolis. This figure is however an important pointer that critical
stakeholders need to do more in term of vaccine awareness and education to remove negative perception
of Agricultural and woodwork teachers to accept Covid-19 Astra Zeneca vaccine. Misinformation and
disinformation strengthen vaccine skepticism and rejection Shelley, et al (2020). This could undermine
efforts to end the corona virus pandemic. Liu, et al. (2020) reported that Potential vaccine takers have
highest condense risk and fear among healthcare professionals and their personal physician and health
institutions on Astra Zeneca COVID-19. He further emphasized that, there is need for adequate public
health enlightenment on the role of safe and potent vaccine in curbing the COVID-19 pandemic.
Nasreen, (2021) the sources of false information that risk teachers must be identified and nipped at the
bud. Facts must be promoted above false information using appropriate fact-checking and regulatory
mechanisms. Efforts to raise the profile of good information, and place a warning label on the bad must
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be intensified to avoid the risk of pandemic and probably death. Also study of Baldo, et al (2021) also
indicated the vaccine refusal within the health care workers, which is particularly problem antipasti,
may impact negatively teacher’s decision.

The second finding further state that, agricultural and woodwork teachers rejected the use of covid-19
Astra Zeneca Vaccine. This concur with the study of Malik, et al. (2020) that Vaccine administration
by those with better understanding of vaccination against Covid-19 is extremely rejected in combating
the spread that may be seen among teachers in Nigeria. Further emphasized that, these tasks of
awareness should not be left to healthcare providers alone, it must also come from the cross-section of
religious, traditional, and political leaders who are revered and respected in society. This will ensure
adequate deployment and acceptance of the vaccine by teachers in general. In another of De-Figueredo
(2020) revealed that tragedy for the deadly virus to continue to escalate due to poor knowledge, negative
perception and outright rejection of vaccine by the teachers. Education is well understood to influence
self-care behavior. More engagement and collaborations among research institutions, pharmaceutical
companies and regulatory agencies is needed, hence the creation of the “Accelerating and acceptable
COVID-19 Therapeutic Intervention and Vaccine (ACTIV) Programme among teachers.

The third finding further state that, refusing Astra Zeneca vaccine by agricultural and woodwork
teachers increases the risk of transmission of the spread of the virus. The finding agrees with Adams
(2010) medication on vaccination administration intake. Borg and Scicluna (2002) on accepting Astra
Zeneca vaccine for safety precautions against risk of COVID-19. Further stated that, there is need for
continuous tracking of false rumors about COVID-19 in hopes of curbing their spread. Recommended
that, the international and local media companies must come up with effective strategies to ‘flatten the
curve’ of false information regarding the COVID-19 vaccines. There must be deliberate and
continuously step up efforts to flag or remove misinformation and to guide teachers to reliable sources
of information regarding COVID-19 vaccines. Ema (2020) teachers must take responsibilities for the
nature and authenticity of information been circulated on different platforms regarding COVID-19
vaccines. Credible evidence must be available to counter any fake news that went viral regarding
vaccines and vaccination (Boytchev, 2021).

Conclusion

In order to engineered towards accepting and vaccinating Covid-19 Astra Zeneca vaccine in our
secondary schools, teachers must remove fear and build a trust on vaccine to succeed in the global effort
to vaccinate millions of people as rapidly as possible, governments need to give priority to addressing
issues of trust both in vaccines and in the institutions responsible for the vaccination endeavor so that
such priority information can help to re-strategies reaching out to the general public and support in the
decision-making process regarding the COVID-19 vaccination.

Recommendations

The following recommendations were made:

1. Secondary school administrators should create proper awareness on the vaccines by organizing
group for vaccines safety to discuss about the vaccines in order to build the capacity of
accepting safety and effective vaccines.

2. Government should not take it as game play and should critically improve its ability of to
communicate by given a proper knowledge and awareness on vaccine and delivery vaccine
safety. 3. Policy makers and planners should formulate policy that will enable Agricultural
and woodwork teachers in addressing challenges relating to negative perception use of covid-
19 Astra Zeneca Vaccine.
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Abstract

Instructional resources are tools that are used by the teacher to encourage students' learning activities.
This study adopted a survey research design to assess the instructional resources for teaching
agricultural science in senior secondary schools in Maiduguri metropolitan area council, Borno state.
In this research, 10 agricultural science teachers and 5 senior secondary schools were purposively
sampled from the population, the selected schools were: Government Day Senior Secondary School
Maiduguri, Government College Maiduguri, Yerwa Girls Secondary Schools Maiduguri, Government
Girls College Maiduguri, and Shehu sanda Karimi government day senior secondary school
Maiduguri. The instrument for data collection was researchers designed questionnaire to elicit
information from the teachers. The data were analyzed using frequency and percentage. The findings
of this study revealed that instructional resources are relevant in teaching agricultural science subjects
in senior secondary schools. The study recommended that government and school officials should work
together to ensure that obsolete resources should be rebranded or changed.

Introduction

Instructional aids/materials are resources that help organize and support instructional delivery. It can
also be referred to as human and non-human materials and facilities that can ease, encourage, improve,
and promote teaching activities. They include both visual and audio-visual aids and could either be
concrete or non-concrete (Ng'etich & Chemwei, 2015; Alkali et al., 2016). These instructional materials
bring life to learning by stimulating students to learn. For many decades now, the provision of
instructional resources has been identified as a key factor in the implementation of agriculture in senior
secondary school curricula (Aholi et al., 2018). Some of these instructional resources provided initially
in the first schools to teach agriculture included; a laboratory, agriculture workshop equipped with metal
and woodworking tools, gas and electric welders, power generators, fuel storage tanks, tractors,
cultivators, combined harvesters, science laboratory facilities, the school farm, a departmental vehicle
and funds for running the department (Konyango & Asienyo, 2015). These instructional resources
provide a base upon which teachers can guide students in the learning process.

The use of instructional resources in the classroom has the prospect of helping the teacher explain new
concepts clearly, resulting in better student understanding of the concepts being taught. However, they
are not ends in themselves but they are means to an end (Ng'etich & Chemwei, 2015). More so, the
importance of these instructional resources cannot be underscored. This has been emphasized by some
scholars. Lockheed (1991 as cited in(Ng'etich & Chemwei, 2015) articulates that instructional materials
are critical ingredients in learning and that the curriculum could not be easily implemented without
them. Indisputably, the use of instructional materials has yielded better results in learning especially in
vocational studies, thus their widely proclaimed use(Alkali et al., 2016). Consequently, the research on
resource availability in the teaching of agricultural science in secondary schools is the spirit of
sustainable agricultural development.

Agricultural science is one of the vocational studies in which instructional resources and facilities are
provided to implement the teaching of agriculture practically with a mission to transform and promote
the development of society (Bennell, 2007; Maxwell, 1965;(Alkali et al., 2016). Nwabuisi (1993) in a
study on resources for teaching and learning agriculture science in Lagos State Junior secondary schools
reported a low teacher/student ratio of 1:60. Amadi (2011) also reported a low teacher/student ratio of
1:158, which is just a marginal improvement on Nwabuisi (1993). Though as reported by Amadi (2011)
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there are more qualified teachers of agriculture these days in Nigeria. In another study, Kabugi (2013)
found that school farms, agricultural tools, and agriculture classes were inadequate. The study further
found that livestock units/tools and agricultural laboratories were not available in most of the schools.
From the findings of the study, it can be said that the inadequacy of teaching and learning resources in
secondary schools in the Kakuyuni division poses a challenge to the teaching and learning of
agriculture. The findings are in line with the findings of a study done by Temu and Kitalyi (2002) who
found that teachers a poorly equipped to deal with some of the challenges that the system poses such as
the reality of large class size, unavailability of didactic materials and gender disparities. Kabugi (2013)
further found that inadequacy of resources such as school farms, agricultural tools, and agriculture
classrooms posed challenges to teaching and learning of agriculture. Some topics such as agriculture
economics, farm power, and types of machinery seemed very difficult to the learners.

Ultimately, instructional resources can make agricultural science more accessible and engaging for
students. Owino et al. (2015) posit that the availability of instructional resources enhances the
effectiveness of schools as these are the basic things that can bring about good academic performance
in students. According to Cheplogoi (2011), the level of availability of agricultural science facilities in
the school has a significant influence on students’ attitudes towards the subject. Mutai (2006) asserts
that learning is strengthened when there are enough reference materials such as textbooks, exercise
books, teaching aids, and classrooms. Lack of required resources as observed in the senior secondary
schools could have a great toll on the students’ performance in agricultural science. On this note, this
study sought to assess the instructional resources for teaching agricultural science in senior secondary
schools in the Maiduguri metropolitan council of Borno State.

Statement of the Problem

Agricultural science being a practical subject needs to be made more realistic and meaningful through
the use of instructional aids for effective teaching of the subject. Rather, what is obtainable in our senior
secondary schools is more of a theoretical teaching of agricultural science. Many studies have identified
that inadequate instructional resources are contributing to the poor performances of students and also
affect their attitude and interest in studying agricultural sciences. Furthermore, some studies have
identified that some of the few available resources are outdated and the poor attitude of agricultural
science teachers as regards the use of instructional resources is among the factors that are affecting the
use of these resources. The uniqueness of this subject resulted from the variety of materials and
experiments necessary for its effective teaching and learning. Teachers' ability to carefully select and
skillfully handle the instructional resources in teaching makes learning more effective and interesting.
On this basis, the present study thus investigates the effectiveness of instructional resources in teaching
agricultural sciences in senior secondary schools in the Maiduguri metropolitan council of Borno state.

Aims and Objectives of the study
This study aimed to assess the instructional resources in teaching agricultural science in senior
secondary schools in the Maiduguri metropolitan council of Borno State. Specifically, the study:
i.  Investigate the relevance of instructional aids in teaching and learning of agricultural science
in senior secondary schools in Maiduguri metropolitan council in Borno state.
ii.  Investigate the availability of instructional resources for teaching agricultural science in senior
secondary schools in the Maiduguri metropolitan council of Borno State.
iii.  Investigate the difficulties faced by the agricultural science teacher using instructional
resources for teaching the subject in Maiduguri metropolitan council of Borno State.

Research Questions
The following research questions were raised to guide the study
i.  What are the Agricultural science teachers’ perceptions on the relevance of instructional
resources in teaching agricultural science in senior secondary schools in Maiduguri
metropolitan council of Borno State?
ii.  What is the availability of instructional resources for teaching agricultural science in senior
secondary schools in the Maiduguri metropolitan council of Borno State?
iii.  What are the difficulties faced by the agricultural science teacher using instructional resources
for teaching the subject in the Maiduguri metropolitan council of Borno State?Methodology
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The study is a survey-based descriptive research design. A total of 10 agricultural science teachers were
chosen with care using a random sampling method from five purposeful selected secondary schools in
Maiduguri metropolitan council. The selected schools were Government Day Senior Secondary School
Maiduguri, Government College Maiduguri, Yerwa Girls Secondary Schools Maiduguri, Government
Girls College Maiduguri, and Shehu Sanda Kyarimi Government Day Senior Secondary School
Maiduguri. The study's instrument was a structured questionnaire titled Agricultural Science Teachers
Questionnaire. Demographic information of the respondents were all elicited in Section A relevance of
instructional resources in Section B, and availability of the instructional resources in Section C. In
Section D, respondents were asked their thoughts on the difficulties encountered while using the
instructional resources in teaching agricultural sciences. The information gathered was analyzed using
descriptive statistics of frequency and percentage.

Result and Discussion
Relevance of instructional resources in teaching agricultural science in senior secondary schools in
Maiduguri metropolitan council of Borno State

Table 1: indicates the teachers' responses on the relevance of using instructional resources in
teaching agricultural science

SIN Items Frequency Percentage (%)
1 Instructional resources make teaching 3 30%
agricultural science lessons interesting
2 Instructional resources help facilitate - -
the students' understanding
3 Instructional resources help capture the 2 20%

student's  interest in  learning
agricultural science
4 All of the above 5 50%

Total 10 100%

Table 1 above shows the agricultural science teachers’ responses on the relevance of using instructional
resources in teaching the subject. The table revealed that 30% of the respondents agreed that the use of
instructional resources in teaching agricultural science subject in senior secondary school make the
lessons more interesting. 20% of the respondents believed that the use of instructional resources in
teaching agricultural science arouses the interest of the students in learning the subjects while 50% of
the respondents believed that the use of instructional resources not only makes lessons more interesting
or captures the students interest but also facilitate the students understanding of the concepts. Therefore,
the study agreed that the use of instructional resources is more relevant in teaching agricultural science
in senior secondary schools in the Maiduguri metropolitan council.

Table 2: indicates the teachers' responses on the availability of instructional resources in teaching
agricultural science

SIN Items Frequency Percentage (%)
1 Yes 6 60%
2 No 4 40%
Total 10 100%

Table 2 revealed the teachers' responses on the availability of instructional resources in teaching
agricultural science in senior secondary schools in the Maiduguri metropolitan council. It shows that
60% of the teachers agree that there are available instructional resources for teaching agricultural
science in their schools while 40% of the teachers did not agree to have instructional resources for the
teaching of the subject in their schools. Table 3 below shows the identified instructional resources for
teaching agricultural sciences in the selected schools of Maiduguri metropolitan council of Borno state.
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Table 3: Teachers Responses on available instructional Resources for Teaching Agricultural

Science
S/IN Items Remark
1 Chemicals Available
2 Textbooks Available
3 Specimens of Agricultural produce Available
4 Agricultural Laboratory Available
5 Farm Machines and equipment Not Available
6 Forest products Available
7 pH meter litmus paper Available
8 Rock and soil samples Available
9 School Farm Not Available
10 Sample of Animal feeds Available
11 Specimens of insect pests Available
12 Weeds Specimen/album Available
13 Charts and Pictures Available
14 Fishing trap Available
15 Specimen of endo-parasite and eco-parasite Available
16 Specimen of monocotyledonous & dicotyledonous Not Available
seeds
17 Multi-media projector Available
18 Simple farm tools Available
19 Specimens of ornamental plants Not Available
Note: Not Available = 0 — 49% Available = 50 — 100%

Table 3 shows the available instructional resources for teaching Agricultural Science in senior
secondary schools. The available instructional resources for teaching Agricultural Science include
chemicals, an Agricultural Science laboratory, rock and soil and samples, specimens of agricultural
produce, pH meter litmus paper, simple farm tools, samples of animal feeds, specimens of insect pests,
weeds specimen/weeds album, charts and pictures, Fishing tools, laboratory apparatus, Specimens of
endo-parasites and ectoparasites, forest products, and textbooks.

Table 4: Teachers Responses on Difficulties faced while using the Instructional Resources in
Teaching Agricultural Science

SIN Items Frequency Percentage (%)
1 Yes 2 20%
2 No 8 80%

Total 10 100%

Table 4 revealed the teachers' responses on the difficulties faced while using the instructional resources
in teaching agricultural science in senior secondary schools in Maiduguri metropolitan council. It shows
that 20% of the teachers agree that they were facing some difficulties in using some of the instructional
resources available for teaching agricultural science in their schools while 80% of the teachers did not
agree to facing any difficulties while using the available instructional resources for teaching agricultural
science in their schools.

Table 5: Teachers Responses on the identified challenges associated with the difficulties faced
while using the Instructional Resources in Teaching Agricultural Science

S/N Items Frequency Percentage (%)
1 Obsolete nature of the resources 2 20%
2 Lack of School farm 6 60%
3 Inadequate farm animals in the school 2 20%
farm
Total 10 100%

Table 5 revealed the teachers' responses on the major challenges associated with the difficulties faced
while using the instructional resources in teaching agricultural science in senior secondary schools in
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Maiduguri metropolitan council. It shows that 20% of the teachers agree that the obsolete nature of the
resources contributed to the difficulties encountered while using the resources, 60% of the teachers
agreed that lack of school farms contributed to the difficulties faced while using the resources, and
lastly, 20% of the teachers agreed to the fact that inadequate live farm animals in the school farm
contributed to some of the difficulties encountered while using some of the instructional resources
available for teaching agricultural science in their schools.

Discussion of the Result

This study assessed the relevance of instructional resources for teaching Agricultural Science in Senior
Secondary Schools in Maiduguri Metropolitan Council, Borno State. The result showed that the
instructional resources for teaching Agricultural Science in senior secondary schools are relevant to the
progress of the agricultural science students. This result supported the earlier findings of (Aholi et al.,
2018 & Alkali et al., 2016) that the use of instructional resources in teaching agricultural science helps
build the creativity of the students and also widens the opportunity to create more jobs.

The result also shows that instructional resources are available for teaching agricultural science in the
selected senior secondary schools in Maiduguri metropolitan council. This result corroborates the
findings of Kofo et al (2021) and Kochar (2011) that instructional resources are available for teaching
agricultural science in secondary schools. It is evident from the findings of this study that chemicals,
Agricultural Science laboratory, rock and soil and samples, specimens of agricultural produce, pH meter
litmus paper, simple farm tools, samples of animal feeds, specimens of insect pests, weeds
specimen/weeds album, charts and pictures, Fishing tools, laboratory apparatus, Specimens of endo-
parasites and ectoparasites, forest products, and textbooks were all available while school farm,
specimen of ornamental plants, Specimen of monocotyledonous & dicotyledonous seeds, and farm
machine and equipment were not available in the study. this finding corroborates the result of Aholi et
al. (2018) on the available instructional resources for agricultural science in secondary schools.

The result of this study also revealed that the majority of agricultural science teachers are not facing
any difficulties in terms of using the available instructional resources for teaching the subjects but some
of these teachers testified to the fact that some of the available resources are obsolete, while absent of
school farms in various secondary schools is one of the factors affecting the utilization of these
resources.

Conclusion

According to the findings of this study, instructional resources are relevant in teaching agricultural
science subjects in senior secondary schools. Available instructional resources for teaching agricultural
science in senior secondary schools were employed in the teaching and learning processes of the subject.
Agricultural science teachers agreed not to face any difficulties in using the resources while they
identified that some of the available resources are obsolete.

Recommendations
The following recommendations are given in light of the findings of this study.
1. The government and school officials need to work together as a team to ensure that obsolete
resources are rebranded or changed.
2. The unavailable resources should be made available to students to enhance the teaching and
learning of agricultural science in secondary schools.
3. Teachers should be encouraged and motivated to make appropriate use of available resources
to enhance effective teaching and learning of agricultural science in secondary schools.
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Abstract

This study investigated the awareness and adoption of Building Information Modelling (BIM) among
architects and builders in the management of building projects in Abuja, Nigeria. The population of the
study comprised of 2,890 registered architects and builders, made up of 1,680 architects registered
with the Abuja chapter of Nigeria Institute of Architects and 1,210 Builders registered with the Abuja
chapter of Nigeria Institute of Builders (NIOB). A proportional stratified random sampling technique
was employed to draw 10% of the total population resulting in a sample size of 289 comprising of 168
architects and 121 builders. The instrument was tested for reliability using Cronbach alpha and a
reliability coefficient was determined to be 0.81. The questionnaires were then administered to 289
respondents out of which 277 were correctly filled and returned. The collected data was analyzed using
mean and standard deviation to answer the research questions. The result from the study revealed that
the level of awareness and adoption of BIM tools was poor with mean scores of 2.08 and 1.52
respectively. It was recommended that BIM should be introduced into academic curriculum in tertiary
institutions while training and seminars on BIM should be conducted by government and construction
firms to employees.

Keywords: BIM, Building Information Modelling, Construction, Awareness, Adoption

Introduction

Building Information Modelling (BIM) is an innovative digital technology that is transforming the
construction industry by revolutionizing the way buildings are designed, constructed, and managed.
BIM has been recognized by the Architectural, Engineering and Construction (AEC) industries as a
powerful design and management tool with significant advantages stretching from areas of building life
cycle, building design, to include construction management (Yan & Damian, 2008). BIM has been
defined in a number of ways, with different industry professionals having varying understanding of
what it is. BIM has been described as a process of drawing and design, construction of a building by
using technology approach, and it involves a procedure in the Architecture, Engineering, Construction
and Operations (AECO) (Abdullah, 2018).

The uses of BIM in construction management are numerous because of its wide area of application
throughout a project’s life cycle. This benefit ranges from planning, design, and construction and
operation stages. BIM plays different important roles in each of these phases. It uses extends from field
capturing or existing conditions modelling, cost estimation or quantity take-off, phase planning, site
utilization planning, 3D coordination and clash detection, virtual mock-up or construction system
design, digital fabrication, digital layout, field tracking as well as record modelling. The benefits of
BIM as identified by Eastman et al., (2011) and Succar (2009) can be summarised to include significant
reduction in the number of construction errors, cost saving, improved collaboration, reduced design
errors and omissions, improved scheduling and coordination, and improved communication among
project team members. However, the overall objective of BIM use remains same which is to create a
shared pool of data to increase collaboration among all project stakeholders, and as a result, achieve
better productivity. According to Kreider & Messner (2013) a BIM use is “a method of applying
Building Information Modelling during a project’s lifecycle to achieve one or more specific objectives.”

The adoption of BIM in Nigeria is still at a nascent stage. According to a study conducted by Oluwole
et al. (2020), only 17.5% of construction firms in Nigeria use BIM. The low adoption rate can be
attributed to several factors, such as the lack of awareness, inadequate government support, and the high
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cost of implementing BIM. The study also revealed that most construction firms in Nigeria still rely on
traditional methods of construction.

The adoption of BIM in Nigeria faces several challenges. One of the major challenges is the lack of
awareness and education among stakeholders. According to Akinade et al. (2015), there is a lack of
understanding among stakeholders about the benefits of BIM, which leads to resistance towards its
adoption. Another challenge is the lack of government support and policies that encourage the use of
BIM. The high cost of implementing BIM is also a significant challenge faced by stakeholders,
especially small and medium-sized construction firms. Implementing policies and regulations
mandating the use of BIM in public sector projects, increasing BIM training and education programs,
and raising awareness of the benefits of BIM are strategies the Nigerian government can adopt. This
will not only improve project delivery and reduce costs but also position Nigeria to compete with other
countries in the global construction industry.

However, in spite of all these benefits of BIM, it was observed that there are reluctancy to the use of
BIM in Abuja construction industries as cases of abandoned projects, poor resource management, poor
communication and information sharing between construction professionals are still witnessed.
Furthermore, the identification of poor designs, poor construction as well as non-adherence to approved
building plans as major issues facing the industry are indications that the professionals responsible for
carrying out these tasks are either lacking in skills, unaware, incapable or reluctant to adopt more
sophisticated and productivity proven tool like the BIM.

With the growing incidences of abandoned building project and other related problems in building
construction, this may suggest that there is low level of awareness and adoption of BIM in the building
construction industry. Hence, the study seeks to investigate the level of awareness and adoption of BIM
among architects and builders in the management of building projects in Nigeria.

Aim and Objectives of the Study
The study aimed to determine the awareness and adoption of BIM among architects and builders in the
management of building projects in Nigeria. Specifically, the study:

1. Determined the level of awareness of BIM tools among architects and builders for the
management of building projects in Abuja.
2. Identified the level of adoption of BIM tools among architects and builders for the

management of building projects in Abuja.

Research Questions
1. What is the level of awareness of BIM tools among architects and builders for the management
of building projects in Abuja?
2. What is the level of adoption of BIM tools among architects and builders for the management
of building projects in Abuja?

Methodology

The study was conducted in Abuja, Nigeria. A descriptive research design was adopted for this study,
where a total population of 2,890, comprised of 1,680 architects registered with the Abuja Chapter of
the Nigerian Institute of Architects (NIA) and the 1,210 builders registered with the Abuja Chapter of
the Nigeria Institute of Builders (NIOB) was used. A sample size of 289 comprised of 168 architects
and 121 builders was calculated through the adoption of a proportional stratified random sampling
technique to draw 10% of the total population of the registered members of the National Institutes of
Architects (NIA) and National Institute of Builders (NIOB) in Abuja, Nigeria. Structured questionnaire
was adopted as instrument for data collection while mean statistics and standard deviation were adopted
as method for data analysis. The questionnaire was deemed reliable when tested with Cronbach alpha
reliability test with a score of 0.81.

Results and Discussions

Research Question 1.
Data for answering research question 1 is shown in table 1
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Table 1: Awareness of BIM tool among architects and builders in Abuja

S/No Items X, SD, X, SD, X, SD, Rank Remark

1. Revit Architecture 3.98 0.78 3.14 085 356 0.82 . Very Aware

2. Autodesk BIM 36 3.97 0.99 225 1.05 311 102 3 Aware

3. ArchiCAD 396 096 222 101 309 099 4 Aware

4. VectorWorks 196 103 244 099 220 101 11 Unaware

5. DProfiler 125 11 214 088 170 0.99 17 Unaware

6. SketchUp Pro 291 097 291 061 291 079 s Aware

7. TeklaBIM Sight 299 081 241 095 270 088 7 Aware

8. Affinity 177 088 125 082 151 085 20 Unaware

9. Vico Office 325 105 215 1.03 270 1.04 7 Aware

10. Navisworks Mana 3.89 087 314 104 352 096 2 VeryAware

11. Sychro Profession 211 098 169 089 190 094 15 Unaware

12. Constructware 114 103 188 089 151 09 21 Unaware

13. Cbim 111 098 235 078 173 0.88 16 Unaware

14. 4BIM 123 074 11 088 117 081 27 VeryUnaware

15. BIM server 133 095 1.01 103 117 099 26 VeryUnaware

16. Bantley BIM Suite 3.51 1 234 092 293 09% 5 Aware

17. ArchiFM 112 091 101 103 1.07 0.97 28 VeryUnaware

18. Green Building St 1.52 099 145 107 149 103 22 VeryUnaware

19. Power Civil 269 087 236 099 253 093 o9 Aware

20. Digital Project 281 098 202 098 242 098 10 Unaware

21. Edificius 301 104 125 112 213 108 14 Unaware

22. Buildertrend 125 097 189 102 157 1.00 18 Unaware

23. BricsCADBIM 111 101 125 093 118 0.97 25 VeryUnaware

24, Allplan Architectt 1.45 099 148 0.99 147 099 23 VeryUnaware

25. Cinema-4D 147 097 102 089 125 093 24 VeryUnaware

26. AECOsim Bui 158 084 145 088 152 0.86 Unaware
Designer 19

27. Solibri Model Vie 2.14 065 214 098 214 082 13 Unaware

28. Navigator 202 102 233 09 218 099 12 Unaware

Total 223 094 193 094 208 094 Unaware

Key: X, = Average mean; X, = Average mean of architects; X, = Average mean of builders SD, =
Average Standard Deviation; SD, = Average Standard Deviation of Architects; SD, = Average
Standard Deviation of builders

The level of awareness of BIM tools among architects were generally poor with a mean score of 2.08
implying low level of awareness of BIM among architects and builders. The architects had a higher
level of BIM awareness with a total mean score of 2.23 than builders with mean score 1.94. From Table
1, result showed that the respondents were mostly unaware of BIM tools like DProfiler, Affinity, Sychro
Professional, Constructware, Cbim, Digital Project, Edificius, Buildertrend, AECOsim Building
Designer, Solibri Model Viewer, Navigator. The respondents were ‘Aware’ of BIM Tools Autodesk
BIM 360, ArchiCAD, SketchUp Pro, Tekla BIM Sight, Vico Office, Bantley BIM Suite, Power Civil
while they were ‘Very Aware’ of BIM tool like Revit Architecture and Navisworks Manage ranking
first and second respectively. The standard deviation of the responses ranged from 0.79 -1.08 signifying
they closely clustered around the mean suggesting same response. The result indicated that the level of
BIM tools awareness among architects and builders in Abuja was low.

Research Question 2
Data for answering research question 2 is shown in table 2.
Table 2: Adoption of BIM tool among architects and builders in Abuja
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S/No ltems X, SD, X, SD, X, SD, Rank Remark
1. Revit Architecture  3.12 0.65 154 092 233 0.79 9 RO
2. Autodesk BIM 360 3.11 0.79 135 061 223 0.70 4 RO
3. ArchiCAD 292 1.06 1.84 097 238 102 1 RO
4. VectorWorks 299 09 157 09 228 090 3 RO
5. DProfiler 1 089 11 088 105 0.89 25 NA
6. SketchUp Pro 214 088 114 1 164 094 11 RO
7. Tekla BIM Sight 221 094 1.05 099 163 097 12 RO
8. Affinity 111 077 111 087 111 0.82 18 NA
9. Vico Office 112 087 104 105 1.08 0.96 20 NA
10. Navisworks Manage 2.99 0.87 1.08 099 204 093 6 RO

11. Sychro Professional 2.01 095 1.21 093 161 094 13 RO
12. Constructware 104 106 112 089 1.08 0.98 20 NA

13.  Cbim 1 085 198 096 149 091 14 NA
14.  4BIM 101 06 11 083 106 072 24 NA
15. BIM server 1.04 078 1 0.84 102 081 27 NA
16. Bantley BIM Suite 2,57 091 178 094 218 093 5 RO
17.  ArchiFM 1.02 093 1 1.03 101 0.98 28 NA
18.  Green Building Stuc 1 0.89 145 097 123 093 16 NA
19.  Power Civil 231 089 152 087 192 088 7 RO
20. Digital Project 189 098 1.01 087 145 093 15 NA
21. Edificius 254 104 111 1.04 183 104 8 RO
22. Buildertrend 1.02 099 142 11 122 105 17 NA

23. BricsCAD BIM 1.11 087 1.02 091 1.07 0.89 23 NA
24.  Allplan Architecture 1.04 099 114 0.77 1.09 0.88 19 NA

25.  Cinema-4D 1.07 081 1 093 1.04 0.87 26 NA
26.  AECOsim Bui 1.02 069 114 09 108 0.80 NA
Designer 20
27.  Solibri Model View 1.89 096 1.66 0.99 178 098 9 RO
28. Navigator 174 083 158 096 1.66 0.90 10 RO
Total 175 088 129 0.93 1.52 0.90 RO

Key: RO = rarely often adopted; NA = Not adopted

The level of adoption of BIM among architects and builders was very poor with a mean score of 1.52.
While the architects performed a little better than the builders with a mean score of 1.75 against the
builders’ score of 1.29, the performances were way below average. From Table 2, BIM tools DProfiler,
Affinity, Vico Office, Constructware, Chim, 4BIM, BIM server, ArchiFM, Green Building Studio,
Digital Project, Buildertrend, BricsCAD BIM, Allplan Architecture, Cinema-4D, AECOsim Building
Designer were mostly ‘Not Adopted’, while BIM tools Revit Architecture, Autodesk BIM 360,
ArchiCAD, VectorWork, SketchUp Pro, Tekla BIM Sight, Navisworks Manage, Sychro Professional,
Bantley BIM Suite, Power Civil, Edificius, Solibri Model Viewer, Navigator were ‘Rarely Often’
adopted. From the ranking presented in the table, it was discovered that archicad and revit architecture
were the most adopted BIM tools among architects and builders. The standard deviation ranged
between 0.79 and 1.0, indicating a closely clustered response. This result indicated a very low level of
BIM adoption among architects and builders in Abuja while the standard deviation suggests that the
responses of the respondents were mostly the same.

Discussion of Findings

Findings on the level of awareness of BIM among architects and builders revealed that tools like Revit
architecture, Autodesk BIM 360, ArchiCAD, Vector Works, SketchUp Pro, Tekla BIM, Bantley BIM
suite, Digital Project, Power civil, Navisworks manage, Edificius, Solibri Model Viewer and Navigator
known or moderately known to architects and builders. This is in agreement with studies by
Abdulmumin et al., (2020) and Olanrewaju et al. (2020) who identified these tools as tools with higher
level of BIM awareness among construction professionals. While the level of awareness of BIM among
architects and builders was discovered to be high, the level of awareness of BIM among architects was
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higher than builders. The reason for the difference in level of awareness could be tied to the fact that
architects are usually exposed to BIM tools at early stages of learning in institutions than builders.
Architects therefore have a higher chance of understanding the complexity of BIM tools and features
than most builders. The result on the level of awareness although more promising that of the level of
availability, the level is still too low for a country like Nigeria and especially for Abuja its capital. With
low level of awareness, there will be a corresponding lower level of adoption. The low level of
awareness can be in different categories, those who know nothing about BIM tools, features and usage;
those who know about the tools but lack knowledge of their features; those who know about the tools
and their features but lack the technical know-how or ability to apply those tools and features. This
therefore is an indication of lack of adequate training and knowledge acquisition strategies on the part
of the government, academic institutions and construction firms.

Findings on the level of adoption of BIM tools used among Architects and Builders for management of
building project in Abuja, Nigeria revealed that there was a very low level of BIM adoption. The level
of adoption of BIM was generally low but it was discovered that unlike AchiFM, Cinema-4D which
were rarely adopted, tools with higher level of awareness such as Revit, ArchiCAD, Autodesk 360
enjoyed higher level of BIM adoption among architects and builders. Another factor that might have
influenced the increased adoption of the tools was the fact that the tools were readily accessible, easier
to use with a user-friendly interface. This result is not surprising as a tool cannot be adopted without
first having prior knowledge or being aware of its use and features. This finding is also in line with the
findings of Abdulmumin et al. (2020) and Onungwa et al., (2017) who stated that tools with higher level
of awareness also enjoyed higher level of adoption. The tools that enjoyed higher level of adoption were
Revit, ArchiCad and Autodesk 360. The difference in the level of adoption between architect and
builders might arise from the fact that architects tend to utilize BIM for design which is one of the first
stages of design while builders implement the already designed models. When BIM created design
models are unavailable, it becomes difficult for a builder to adopt BIM. This finding is in line with the
findings of Olanrewaju et al., (2020) who posited that BIM is mostly adopted within the design stage
of a project than in other stages. Consequently, a low level of BIM adoption is an indication of low
demand for BIM usage on the parts of the project owners, lack of technical knowhow and expertise,
lack of awareness of the benefits of BIM tools or high cost of acquisition and usage.

Conclusion

Based on the results of this study, it is concluded that the state of BIM in Abuja is poor as the level of
awareness BIM tools as well as the level of adoption by architects and builders is below average. The
implication of this study is that the industry will continue to witness poor project delivery in terms of
timeline and quality associated with proper timely management of needed information. It is therefore,
necessary that the level of awareness and adoption of BIM is improved on so as to enhance and promote
BIM usage while also exposing the professionals and relevant stakeholders to the benefits of BIM.

Recommendations
The following recommendations are made based on the findings of this study:
1. In order to improve the level of awareness of BIM among architects and builders in the
construction industries in Abuja, it is recommended that BIM related knowledge is included as
a core course in educational syllabuses of higher institutions. Construction organisations with
support of government should endeavour to conduct trainings and workshops on the uses and
benefits of BIM and the technical knowhow.
2. In order to boost the level of BIM adoption among architects and builders, it is recommended
that government relevant policies that mandates the use of BIM in construction of projects in
Abuja and other major town in Nigeria.
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Abstract

The research was carried out using descriptive survey research design. The study was carried out in
Niger State and Federal Capital Territory (FCT), Abuja. A purposive sampling technique was used to
select 182 registered construction professionals as respondents for the study in construction industries
in Niger State and Federal Capital Territory, Abuja. A 44-items structured questionnaire titled
“Questionnaire on the Assessment of Project Management Tools on Building Projects by Construction
Professionals (QAPMTBPCP) ” was used for data collection. The instrument was validated by three
experts in the Department of Industrial and Technology Education, School of Science and Technology
Education, Federal University of Technology, Minna. The reliability of the instrument was tested using
the Cronbach Alpha statistic and a coefficient of 0.84 was obtained. The data collected for the study
was analyzed using mean and standard deviation for answering the research questions. While t-test
statistics was used to test the hypotheses at 0.05 level of significance. The findings of the study revealed
that construction professional are aware of the different types of project management tools adopted on
the building projects and also the finding further revealed that the construction professional do not
adopt some project management tools on the building projects. Based on the findings it was
recommended that construction professionals should diverse a means of keeping abreast to the current
trend in the management of building project with project management tools for effective delivery and
construction industries should organize a workshop, seminar or conference in order to avails different
types of project management tools for both old and young professional in the construction work.

Keywords: Assessment, Project Management Tools, Building Projects, Construction Professionals

Introduction

Project Management Tools (PMTs) are today gaining popularity and are highly discussed area in the
construction industries. PMTs are techniques which generally help to effectively plan towards the
successful completion of building projects (Ayodele & Alabi, 2015). However, projects within the
construction industries are managed has not changed significantly during the last decade in Nigeria.
Mattias (2012) explained that in the construction market, the number of different actors and the way the
projects management are procured today has however changed in some developed countries.

The Project Management (PM) processes are common to most building projects and they include
elements such as: project initiation, planning, execution, monitoring, controlling and the project closure
(Project Management Institute (PMI), 2016). The PMI explained that PM is to ensure an efficient flow
of project all through its life cycle. While project oriented processes involve the creation of PM process
and specification. The processes are defined by the life cycle of the project and they differ by area of
application and the stage of product life cycle (PMI, 2016). In these processes it is difficult to define a
project scope without adequate knowledge of how to establish a specified product. For instance, in
construction project, several tools and techniques are needed at each phase or to be taken into account
when carrying out construction project (Olateju et al., 2011). The PMI (2016) divided the process of
project management into five group and these include the following: initiation, planning, execution,
control/monitor and closing. Project managers employ these processes in their project, especially in
large projects such as construction project where there are a lot of work packages such as purchasing,
safety, subcontract, brick laying, roofing, forecasting scaffolding and equipment requirements (PMI,
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2017). The phases in the projects overlap each other indicating that some stages in project life cycle are
undertaken concurrently in the construction industries.

The construction industry is made up of professionals such as architect, builders, quantity surveyor,
structural engineering, and others whose various disciplines are to ensure that construction work is
completed as appropriate (Olateju, 2017). Architect is the person who directly communicates with the
client and the first professional who is contacted by the client for the translation of his desire or need
into drawings and specification. The architect overall responsibility is to design the construction project
in accordance with the client’s specification. The architect also performs the following roles; ensures
the buildability of the design, responsible for the selection of contractors and subcontractors,
responsible for contract administration, responsible for project coordination and coordination of other
project team members by visiting the construction site on a regular basis as is necessary to determine
the work is in progress (Olatuniji, et al., 2014).

Another construction professional is the Quantity Surveyor (QS). According to Obadan and Uga,
(1996), The QS is professional trained, qualified and experienced personnel in dealing with problems
relating to construction cost, management and communication in the construction industry. The QS is
one of a number of professionals involved in the construction processes and has specific responsibility
for project cost control not only through the construction phase but for the whole life of the building.
Traditionally quantity Surveying is concerned with contracts and costs on construction projects and
guantity surveyors control construction costs by accurate measurement of the work required. This role
is achieved by performing the following activities: Conducting feasibility studies to estimate materials,
time and labour costs, preparing, negotiating and analysing costs for tenders and contracts, coordination
of work effort, advising on a range of legal and contractual issues, valuing completed work and
arranging for payments. Also a builder is not left out as a major player in the construction industry.

A builder is an individual who engages in the planning, developing and coordinating of activities which
coincide with the building of structures Olateju et al., (2014). Olateju explained that the general
responsibilities of a builder as an individual is planning and carrying through any and all pertinent
activities relating to the construction of a dwelling, building or other structure. The builder carries out
his/her duties by: Supervising employees, planning how the project will be carried out and completing
the project in a manner which coincides with all laws, rules and regulations which may be in existence
and correlate with construction, implementing a plan in which to carry out the construction project. This
extends anywhere from hiring workers to developing a step-by-step timeline that the project will follow
from start to finish, the builder is responsible for hiring, supervising and, at times, firing employees
who work on the specific project with the contractor.

Building construction project needs flexible management. Gould and Joyce (2009) observed that
building construction projects can be very unpredictable and management needs to be able to cope with
daily changes. Furthermore, the construction projects are instigated in a complex environment resulting
in a situation of high risk and uncertainty, which are intensify by arduous time constraints (Grant &
Pennypacker, 2006). Building construction project goes through the different phases and has therefore
a continuously changing workflow and different cultural settings. Management needs to adapt to these
changes and at the same time keep the home office updated with the progress of the project through the
use of project tools.

In adoption of project management tools into the construction industry, construction project
management must take into cognizant of methods, technigues, planning, co-ordination and control of a
project from conception to completion (including commissioning) on behalf of a client requiring the
identification of the client‘s objectives in terms of utility, function, quality, time and cost, and the
establishment of relationships between resources, integrating, monitoring and controlling the
contributors to the project and their output, and evaluating and selecting alternatives in pursuit of the
client‘s satisfaction with the project outcome (Goedert & Meadati, 2008). In Nigeria today, there are
constant news and reports of collapse of buildings and delay which when walk around urban areas
shows a lot of abandoned building projects that have been marked by regulatory bodies to be demolished
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because of the danger it pose. Therefore, there is a need to carry out an assessment of the adoption of
project management tools.

Assessment as defined by Odu, (2011) as the process of gathering data and fashioning them into
interpretable form for decision making. It often involves collection and collating of data obtained from
an assessment process with a view to making valuable judgment concerning the situation or quality of
an object or event. Assessment is not concerned with the explanation of the underlying reasons and does
not proffer recommendations for action. Although, there may be some implied judgment as the
adequacy or otherwise of the situation (Odu, 2011). Hence, the study is to assess the adoption of project
management tools on building project delivery by construction professionals in Niger State and Federal
Capital Territory, Abuja

Purpose of the Study

The purposes of the study are to:

1. Determine the construction professional awareness of the different types of project
management tools adopted on the building projects in Niger State and Federal Capital Territory,
Abuja

2. Find out whether the construction professional adopt the different types of project management

tools on the building project in Niger State and Federal Capital Territory, Abuja

Research Questions
The following research questions were raised to guide the study:

1. Does the construction professional aware of the different types of project management tools
adopted on the building projects in Niger State and Federal Capital Territory, Abuja?
2. Does the construction professional adopt the different types of project management tools on the

building project in Niger State and Federal Capital Territory, Abuja?

Methodology

The research was carried out using descriptive survey research design. The study was carried out in
Niger State and Federal Capital Territory (FCT), Abuja. Purposive sampling techniques will be used to
select 182 registered construction professionals as respondents for the study in construction industries
in Niger State and Federal Capital Territory, Abuja. A 44-items structured questionnaire titled
“Questionnaire on the Assessment of Project Management Tools on Building Projects by Construction
Professionals (QAPMTBPCP)” was used for data collection. The questionnaire items were assigned
five points rating scale of Very Aware (VA) / Highly Adopted (HA) with 5 points, Aware (A) / Adopted
(A) with 4 points, Unaware (U) / Moderately Adopted (MA) with 3 points, Very Unaware (VU) / Not
Adopted (NA) with 2 point and Undecided with 1 point. The instrument was validated by three experts
in the Department of Industrial and Technology Education, School of Science and Technology
Education, Federal University of Technology, Minna. The reliability of the instrument was tested using
the Cronbach Alpha statistic and a coefficient of 0.84 was obtained. The data collected for the study
was analyzed using mean and standard deviation for answering the research questions. While t-test
statistics was used to test the hypotheses at 0.05 level of significance. Real Upper and lower limit of
numbers was used in order to determine the decision of the respondents to each items. Also, p-value is
greater than alpha value at 0.05 level of significance, the hypotheses was accepted and if otherwise
rejected.

Results

Research Question One

Does the construction professional aware of the different types of project management tools adopted on
the building projects in Niger State and Federal Capital Territory, Abuja?

Data for answering research questions one is presented in Table 1.
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Table 1: Mean and Standard Deviation of Construction Professional Aware of the Different Types
of Project Management Tools Adopted on the Building Projects in Niger State and
Federal Capital Territory, Abuja

Awareness of different types of Project
S/NO. Management Tools

X SD RMK

1 Critical Path Method 4.12 045  Aware
2 Gantt Chart 3.45 052  Aware
3 Project Network Diagrams 3.22 0.81  Aware
4 Work Breakdown Structure (WBS) 3.76 0.28  Aware
5 Benchmark Job Technique 2.44 0.55  Unaware
6 Earned Value Management 3.15 0.35  Aware
7 Modular Approach 2.14 0.92  Unaware
8 Expert Judgment 2.55 0.65 Unaware
9 Parametric Techniques 3.45 046  Aware
10 Project Stakeholder Management 3.56 0.76  Aware
11 Linked Bar Chart 4.28 0.84  Aware
12 Project Risk Management 3.28 0.27  Aware
13 Line of Balance 2.53 0.62  Unaware
14 Business Care 2.89 0.39  Aware
15 Cost of Quality 3.76 0.77  Aware
16 Agile Tools 3.77 0.28  Aware
17 Flow- charting 3.91 0.74  Aware
18 Decomposition 2.33 0.88  Unaware
19 Use of Spreadsheets e.g. Excel 3.25 0.19  Aware
20 Use of Simulation/ Statistical Tools 3.54 0.57  Aware
21 Benefit/ Cost 3.12 0.53  Aware
22 Benchmarking 2.19 0.61  Unaware
Grand Mean 3.21 0.56  Aware

Table 1 revealed the mean responses of construction professional awareness on the different types of
project management tools adopted on the building projects in Niger State and Federal Capital Territory,
Abuja with majority of the item agreed to be aware ranging from 3.12 — 4.28, while some few of the
items were unaware. However, the grand mean of 3.21 implies that the respondents jointly agreed with
almost all the items. The standard deviation of the items ranges from 0.27-0.92 which further indicates
that the respondents were not too far from the mean and were closed to one another in their responses.
This closeness of the respondents adds value to the reliability of the mean. Hence the construction
professional are aware of the different types of project management tools adopted on the building
projects.

Research Question Two
Does the construction professional adopt the different types of project management tools on the building
project in Niger State and Federal Capital Territory, Abuja?

Data for answering research questions one is presented in Table 2.

Table 2: Mean and Standard Deviation of construction professional adopt the different types of
project management tools on the building project in Niger State and Federal Capital
Territory, Abuja

Adoption of different types of

S/NO. Project Management Tools X SD RMK

1 Critical Path Method 2.88 0.6 Moderately Adopted
2 Gantt Chart 351 0.38 Adopted

3 Project Network Diagrams 322 0.29 Adopted
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4 Work Breakdown Structure (WBS)  2.33  0.44 Not Adopted
5 Benchmark Job Technique 245 0.36 Not Adopted
6 Earned Value Management 238 0.29 Not Adopted
7 Modular Approach 286 0.77 Moderately Adopted
8 Expert Judgment 211 0.83 Not Adopted
9 Parametric Techniques 244 047 Not Adopted
10 Project Stakeholder Management 3.66 0.24 Adopted
11 Linked Bar Chart 319 0.39 Adopted
12 Project Risk Management 213 022 Not Adopted
13 Line of Balance 248 031 Not Adopted
14 Business Care 217 0.63 Not Adopted
15 Cost of Quality 266 0.82 Moderately Adopted
16 Agile Tools 209 049 Not Adopted
17 Flow- charting 3.67 0.38 Adopted
18 Decomposition 214  0.64 Not Adopted
19 Use of Spreadsheets e.g. Excel 3.66 0.55 Adopted
20 Use of Simulation/ Statistical Tools  2.17  0.92 Not Adopted
21 Benefit/ Cost 291 0.84 Moderately Adopted
22 Benchmarking 225 0.73 Not Adopted
Grand Mean 269 052 Not Adopted

Table 2 revealed the mean responses of construction professional adoption of the different types of
project management tools on the building project in Niger State and Federal Capital Territory, Abuja
with majority of the item not adopted ranging from 2.09 — 2.48, while some few of the items were
adopted. However, the grand mean of 2. 69 implies that the respondents jointly agreed with maj ority
not been adopted. The standard deviation of the items ranges from 0.22-0.92 which further indicates
that the respondents were not too far from the mean and were closed to one another in their responses.
This closeness of the respondents adds value to the reliability of the mean. Hence the construction
professional do not adopt the different types of project management tools on the building projects.

Finding of the Study

1. The construction professional are aware of the different types of project management tools
adopted on the building projects.
2. The construction professional do not adopt the different types of project management tools on

the building projects.

Discussion of Findings

The finding revealed that construction professionals are aware of the different types of project
management tools adopted on the building projects. In support of the this finding Okoye et al., (2016)
that pointed out that lack of awareness has hindered most of the construction companies from adopting
a management tool as they do not have prior knowledge of its outcome. This statement buttresses Ofori-
Kuragu et al., (2016) who affirmed that the creation of awareness is significant to the adoption of PMT;
they also stated that if people are completely aware of the advantage derived from PMT implementation,
there is the possibility that they will take full part in adoption of PMT. A comment from the case study
asserts that, the technological infrastructure aspect of this organisation persists as the key challenge
hindering PMT implementation as well as the related issues, including awareness. This is in
collaboration with Ofori-Kuragu et al. (2016) opinion that the creation of awareness is one of the key
factors for improving PMTT in construction organisations.

The findings also revealed that the construction professional do not adopt the different types of project
management tools on the building projects. In agreement with the findings is Chaves, et al. (2016) assert
that the use of PMT in construction companies in Nigeria is less effective; this is attributed to economic
factors that hinder adoption. Also in support of the finding Baptista, et al., (2016) that funding project,
foreign investment and foreign exchange rates influence the successful adoption of PMT in various
ways. This could be associated with changes in regulation requiring changes in the adoption of new
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approaches to business and competition between construction companies. In addition, Nunan, et al.,
(2015) assert that economic factors are contributing factors to the performance of an economy, and that
directly influences a construction company and has extensive effects on the adoption of PMT. For
instance, an increase in the inflation rate of an economy would definitely influence the way construction
companies adopt new business approaches. Like other factors, this factor is presented in the framework
as one of the key factors influencing the adoption of PMT. This factor includes: cost of investment, lack
of funds, poverty rate and unstable economy.

Conclusion

Based on the findings of the study it was concluded that the construction professional are aware of the
different types of project management tools adopted on the building projects but very few among them
are adopted. It was also concluded that the construction professional do not adopt the different types of
project management tools on the building projects due to political and economic factors which hinder
adoption for successful building project delivery in construction industries in Niger State and Federal
Capital Territory, Abuja

Recommendation
Based on the findings of the study it was recommended that;

1. Construction professionals should diverse a means of keeping abreast to the current trend in the
management of building project with project management tools for effective delivery
2. Construction industries should organize a workshop, seminar or conference in order to avails

different types of project management tools for both old and young professional in the
construction work

3. Government should also assist the construction professional by making it mandatory and also
encouraging any practicing construction professional to adopt the use of project management
tools compare to conventional management due to the trend in the construction field.
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Abstract

The study established the relationship between entrepreneurial attitudes and competence in machine
woodworking among woodwork technology education students in colleges of education in North-West,
Nigeria. Three research questions were raised and answered as well as three null hypotheses were
formulated and tested at 0.05 level of significance. Correlational research design was adopted for the
study. The targeted population for the study was 70 Nigeria Certificate in Education (NCE) I11 technical
education students from five Colleges of Education offering woodwork technology education in North-
West Nigeria. The study was carried out on the whole population. The instruments used for data
collection includes: Entrepreneurial Attitude Inventory (EAI) and Competence on Machine
Woodworking Inventory (CMWI). The reliability of the instruments were established using Cronbach’s
Alpha statistics and yielded overall reliability coefficient of 0.924 and 0.816 respectively. The data
collected were analyzed using Kendall’s tau-b to answer all the research questions and to test the
hypotheses at .05 level of significance. Findings from the study revealed among others strong positive
relationship between: entrepreneurial cognitive attitudes and knowledge (.827), skills (.856) and
attitudes (.873) towards machine woodworking among woodwork technology education students in
colleges of education in North-West, Nigeria. Based on the findings, the study recommended among
others that: conferences, workshops, seminars and other capacity building programmes should be
organized by the Federal and State ministries of education in order to enhance the competence in
machine woodworking lecturers which will positively reflect on the competence of the students and
consequently improve their positive entrepreneurial cognitive attitudes.

Key words: Entrepreneurial, Cognitive Attitudes, Competencies, Machine Woodworking

Introduction

In Nigeria today, government is making effort in a bid to see that students at all level of education
irrespective of their programmes are economically empowered through entrepreneurship education.
According to Nabi and Holden (2008), the aim of entrepreneurship education is to serve as a primary
source of economic growth that creates business opportunities, reduces unemployment and offers better
prospects for students. Uzo-Okonkwo (2013) opined that, in spite of the good aim of entrepreneurship
education, students of woodwork technology education express poor entrepreneurial cognitive attitudes.
The cognitive component of entrepreneurial attitudes is the set of information, ideas, facts and
knowledge about entrepreneurship. It is the opinion or belief segment of an attitude which is related in
general knowledge of a person on entrepreneurship (Zampetakis, 2009). Cognitive component of
entrepreneurial attitudes relates to thoughts, beliefs and knowledge that students have about
entrepreneurship that shapes their attitudes and behaviours. Katane (2016) believed that the cognitive
component of entrepreneurial attitudes sets the stage for the more critical part of attitude which is the
affective component.

Moreover, it is clearly indicated that, the components of entrepreneurial attitudes largely affect students’
desire to start and maintain a business after graduation. Thus, poor entrepreneurial attitude amongst
students kills the desire to start and maintain a business after graduation from school. Abimbola (2017)
attributed the high rate of unemployment among graduates of technical education programmes
including woodwork technology education in developing countries like Nigeria to poor entrepreneurial
attitudes and competence in machine woodwork.
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Competence in machine woodworking refers to the abilities of woodwork technology education
students to operate portable power tools, perform advance woodworking machines operations, and carry
out mass production of various items by using woodworking machines to succeed in the world of work.
Ugwu et al. (2015) described competency in technical education and specifically in woodwork
technology education to comprise three basic components that include attitude, skill and knowledge.

Knowledge means familiarity, awareness, or understanding of someone or something, such as facts,
information, descriptions, or skills, which is acquired through experience or education by perceiving,
discovering, or learning. Roberts and Dyer (2014) noted that, knowledge can be implicit or explicit.
Knowledge of machine woodworking is highly required in order to succeed in the world of work.
According to Selvi (2016), lack of theoretical or practical knowledge of a subject matter such as
machine woodworking among woodwork technology education students translates into insufficient
skill.

Skill in Machine Woodworking refers to the ability of students to perform operations using wood
machineries such as tenoning, mortising, and moulding, surface planing, wood turning, thicknessing,
and wood boring, sanding and finishing among others. Okeke (2012) stated that, lack of competence
sufficient skills among woodwork technology education students which will trigger their
entrepreneurial attitude is an issue of national discourse in Nigeria. Abimbola (2017) confirmed that,
the lack of skills among technical education students attributed to several factors among which is
students’ entrepreneurial attitude. Hence, lack of skills of woodwork technology education students
especially machining due to technology advancement can lead them to negative attitudinal change.
Attitude in this study could be seen as the mind-set of woodwork technology education students towards
machine woodworking. Owino et al. (2015) reported that students’ poor attitude towards a course such
as machine woodworking may negatively affect students’ competence in machines operation. This
implied that positive attitude towards machine woodworking may positively influence woodwork
technology education students’ competence and increase their chances of venturing into
entrepreneurship and becoming self-employed. Nabi and Holdeni (2008) argued that Colleges of
Education graduates of woodwork technology education hardly setup their workshops due to poor
technical skills that include machine woodworking. Hence, it is against this backdrop that this study
sought to establish the relationship between entrepreneurial cognitive attitudes of students and their
competencies in machine woodworking in colleges of education in North-West, Nigeria.

Statement of the Research Problem

Machine woodworking is aimed at equipping woodwork technology education students with the
technical skills in the use of machines to develop wood products such as furniture, doors, window
frames and sills among others. Although, several efforts have been put in place in equipping students
with the needed technical skills in machine woodworking, the competencies of students in the course is
not encouraging. Nuffi (2018) revealed that the demonstrated competencies of woodwork technology
education students in machine woodworking are low. The lack of competence by students in machine
woodworking practically translates into lack of sufficient competency to function effectively in the
world of work after graduation.

Several studies such as Okwori (2017), Samuel (2018) and Muhammad et al. (2020) attempted to
address the lack of sufficient competence among students that led to consequent unemployment of
technical education graduates. Despite these attempts, Salami (2019) revealed that competence of
students in practical oriented courses such as machine woodworking and unemployment level among
graduates remain discouraging. This entails that negative entrepreneurial cognitive attitudes could
influence the lack of competences among woodwork technology education students in machine
woodworking. Hence, this study sought to establish whether entrepreneurial cognitive attitudes
influence students’ competence in machine woodworking.

Aim and Objectives of the Study

The aim of the study was to determine the relationship between entrepreneurial cognitive attitudes and
competence in machine woodworking among students of woodwork technology education in colleges
of education in North-West, Nigeria. Specifically, the study determined the relationship between:
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1. Students’ cognitive entrepreneurial attitudes and knowledge in machine woodworking
2. Students’ cognitive entrepreneurial attitudes and skills in machine woodworking
3. Students’ cognitive entrepreneurial attitudes and their attitudes toward machine woodworking
Research Questions
The study sought answers to the following research questions:
1. What is the relationship between students’ cognitive entrepreneurial attitudes and knowledge
in machine woodworking?
2. What is the relationship between students’ cognitive entrepreneurial attitudes and skills in
machine woodworking?
3. Whatis the relationship between students’ cognitive entrepreneurial attitudes and their attitudes
toward machine woodworking?

Hypotheses

The following null hypotheses were formulated to guide the study and were tested at .05 level of
significance:

Hoi: There is no significant relationship between students’ cognitive entrepreneurial attitudes and
knowledge in machine woodworking

Hoz: There is no significant relationship between students’ cognitive entrepreneurial attitudes and skills
in machine woodworking

Hos: There is no significant relationship between students’ cognitive entrepreneurial attitudes and their
attitudes toward machine woodworking?

Methodology

Correlational research design was used for this study. According to Adi (2019), correlational research
is a type of non-experimental research method in which a researcher measures two variables,
understands and assess the statistical relationship between them with no influence from extraneous
variable. The study was conducted in North-West, Nigeria. The population of the study was 70 Nigeria
Certificate in Education (NCE) I technical education students from Five Colleges of Education
offering woodwork technology education in North-West Nigeria. The Colleges of Education include
Federal College of Education (Technical) Gusau, Shehu Shagari College of Education, Sokoto, College
of Education, Kafanchan, Federal College of Education, Bichi and Isah Kaita College of Education,
Katsina. The study utilized the whole population due to its manageable size. Hence, there was no
sampling in the study.

Two instruments were developed by the researcher and were used for data collection that includes
Entrepreneurial Attitude Inventory (EAI) and Competence on Machine Woodworking Inventory
(CMWI). The instruments were face validated by three experts for construct and content validity.
Cronbach’s Alpha formular was used to determine the overall reliability coefficient values for EAl and
CMWI were found to be 0.924 and 0.816 respectively. The study employed the use of Kendall’s tb to
answer all the research questions and to test the null hypotheses at .05 level of significance. Decision
regarding the interpretation of Kendall’s tau-b to test the null hypotheses was based on comparing the
Sig. two tailed value with p-value of 0.05. If the Sig. two tailed value attained is above the p-value of
(<0.05), it means there is no significant relationship and the null hypotheses was upheld, where
otherwise, it indicates there is significant relationship; consequently, the null hypothesis was rejected.

Results:

Research Question 1

What is the relationship between students’ cognitive entrepreneurial attitudes and knowledge in
machine woodworking? The result showing the relationship between students’ cognitive
entrepreneurial attitudes and knowledge in machine woodworking is presented in Table 1.
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Table 1: Kendall's tau_b coefficient of concordance for the test of relationship between students’
cognitive entrepreneurial attitudes and knowledge in machine woodworking

Variables Cognitive Knowledge
. Correlation Coefficient 1.000 827"
Cognitive N 70 70
Knowledae Correlation Coefficient 827" 1.000
g N 70 70

Table 1 shows that the correlation coefficient between students’ cognitive entrepreneurial attitudes and
knowledge in machine woodworking is .827. The correlation coefficient value signifies strong positive
relationship between students’ cognitive entrepreneurial attitudes and knowledge in machine
woodworking.

Research Question 2

What is the relationship between students’ cognitive entrepreneurial attitudes and skills in machine
woodworking? The result showing the relationship between students’ cognitive entrepreneurial
attitudes and skills in machine woodworking is presented in Table 2.

Table 2: Kendall's taub coefficient of concordance for the test of relationship between students’
cognitive entrepreneurial attitudes and skills in machine woodworking

Variables Cognitive Skills

Cognitive Correlation Coefficient 1.000 .856™
N 70 70

Skills Correlation Coefficient .856™ 1.000
N 70 70

Table 2 shows the correlation coefficient value of .856 for the relationship between students’ cognitive
entrepreneurial attitudes and skills in machine woodworking. The correlation coefficient value signifies
strong positive relationship between students’ cognitive entrepreneurial attitudes and skills in machine
woodworking.

Research Question 3

What is the relationship between students’ cognitive entrepreneurial attitudes and their attitudes toward
machine woodworking? The result showing the relationship between students’ cognitive
entrepreneurial attitudes and their attitudes toward machine woodworking is contained in Table 3.

Table 3: Kendall's tau_b coefficient of concordance for the test of relationship between students’
cognitive entrepreneurial attitudes and their attitudes toward machine woodworking

Variables Cognitive Attitude
Coanitive Correlation Coefficient 1.000 .873™

9 N 70 70

. Correlation Coefficient .873™ 1.000
Attitude N 70 70

Table 3 shows the correlation coefficient between cognitive entrepreneurial attitudes and their attitudes
toward machine woodworking is .873. The correlation coefficient value signifies strong positive
relationship between cognitive entrepreneurial attitudes and their attitudes toward machine
woodworking.

Hypothesis One

There is no significant relationship between students’ cognitive entrepreneurial attitudes and knowledge
in machine woodworking. The result for testing the significant relationship between students’ cognitive
entrepreneurial attitudes and knowledge in machine woodworking is contained in Table 4.
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Table 4: Kendall's tau_b coefficient of concordance for the test of significant relationship between
students’ cognitive entrepreneurial attitudes and knowledge in machine woodworking

Variables Cognitive Knowledge
Cognitive Sig. (2-tailed) .000

N 70 70
Knowledge Sig. (2-tailed) .000

N 70 70

**_Correlation is significant at the <0.05 level (2-tailed).

Table 4 shows the significant (2-tailed) value of .000 which is less than 0.05. The result indicated that
there is significant relationship between students’ cognitive entrepreneurial attitudes and knowledge in
machine woodworking. Thus, the null hypothesis is rejected.

Hypothesis Two

There is no significant relationship between students’ cognitive entrepreneurial attitudes and skills in
machine woodworking. The result for testing the significant relationship between students’ cognitive
entrepreneurial attitudes and skills in machine woodworking is contained in Table 5.

Table 5: Kendall's tau_b coefficient of concordance for the test of significant relationship between
students’ cognitive entrepreneurial attitudes and skills in machine woodworking

Variables Cognitive Skills
Cognitive Sig. (2-tailed) .000
N 70 70
Skills Sig. (2-tailed) .000
N 70 70

**_Correlation is significant at the <0.05 level (2-tailed).

Table 5 shows the significant (2-tailed) value of .000 which is less than 0.05.. Since the .000 is less than
the stated level of significant (0.05), the test result implied that there is significant relationship between
students’ cognitive entrepreneurial attitudes and skills in machine woodworking. Therefore, the null
hypothesis is rejected.

Hypothesis Three

There is no significant relationship between students’ cognitive entrepreneurial attitudes and their
attitudes toward machine woodworking. The result for the test of significant relationship between
students’ cognitive entrepreneurial attitudes and their attitudes toward machine woodworking is shown
in Table 6.

Table 6: Kendall's tau_b coefficient of concordance for the test of significant relationship between
students’ cognitive entrepreneurial attitudes and their attitudes toward machine
woodworking

Variables Cognitive Attitude
. Sig. (2-tailed) . .000
Cognitive N 70 70
Attitude Sig. (2-tailed) .000 .
N 70 70

**_Correlation is significant at the <0.05 level (2-tailed).
Table 6. The result shows the significant (2-tailed) value of .000 which is less than the stated level of
significant (0.05). This indicated that there is significant relationship between students’ cognitive
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entrepreneurial attitudes and their attitudes toward machine woodworking. Consequently, the null
hypothesis is rejected.

Findings

1. There was strong positive relationship between students’ cognitive entrepreneurial attitudes and
knowledge in machine woodworking.

2. There was strong positive relationship between students’ cognitive entrepreneurial attitudes and
skills in machine woodworking.

3. There was strong positive relationship between students’ cognitive entrepreneurial attitudes and
their attitudes toward machine woodworking.

4. The relationship between students’ cognitive entrepreneurial attitudes and knowledge in
machine woodworking was significant.

5. The relationship between students’ cognitive entrepreneurial attitudes and skills in machine
woodworking was significant.

6. The relationship between students’ cognitive entrepreneurial attitudes and their attitudes toward
machine woodworking was significant.

Discussion of Findings

The finding on the relationship between students’ cognitive entrepreneurial attitudes and knowledge in
machine woodworking revealed strong positive relationship. The finding implied that the cognitive
component of entreprencurial attitudes is directly affected by students’ knowledge in machine
woodworking. This finding is in agreement with Samuel (2018) whose finding produced strong positive
relationship between students’ cognitive entrepreneurial attitudes and knowledge in socioeconomic
adjustment of primary school teachers. However, since students with high knowledge in machine
woodworking tends to have high cognitive level of entrepreneurial activities, it is therefore logical to
conclude that positive attitudes towards engaging in entrepreneurial activities after graduation is
determined by the level of knowledge acquired in machine woodworking.

However, the finding on the test for significant relationship between students’ cognitive entrepreneurial
attitudes and knowledge in machine woodworking revealed that the relationship was significant. The
finding is related to the finding of Samuel (2018) which showed a substantial positive relationship
between entrepreneurship attitude and socioeconomic adjustment (related to entrepreneurial and
vocational activities) of primary school teachers in Benue State, Nigeria. The finding clearly pointed
out those students that are knowledgeable in machine woodworking tend to be more experienced
professionals in entrepreneurship. Thus, giving them an edge over their counterparts that are not
knowledgeable in machine woodworking. Hence, the relationship between students’ cognitive
entrepreneurial attitudes and knowledge in machine woodworking was not by chance.

The finding on the relationship between students’ cognitive entrepreneurial attitudes and skills in
machine woodworking revealed there was strong positive relationship. This is a sign that students with
high skills in machine woodworking tends to have high cognitive level of entrepreneurial activities.
This finding is anticipated as researcher works like Samuel (2018) made alike findings that displayed
strong positive relationship between students’ cognitive entrepreneurial attitudes and skills in a
particular subject matter. However, since students with high skills in machine woodworking tends to
have high cognitive level of entrepreneurial activities, it is therefore rational to make conclusion that
positive attitudes towards engaging in entrepreneurial activities after graduation is determined by the
level of skills in machine woodworking acquired.

In similar vein, the finding on the test for significant relationship between students’ cognitive
entrepreneurial attitudes and skills in machine woodworking revealed that the relationship was
significant. The finding is linked to the finding of Samuel (2018) that shown a substantial positive
relationship between entrepreneurship attitude and socioeconomic adjustment of primary school
teachers in Benue State, Nigeria. However, the finding clearly pointed it out that students whom are
skilled in machine woodworking tends to more experienced professionals in entrepreneurship. Thus,
this will give them an advantage over their counterparts whom are not skilled in machine woodworking.
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Hence, the relationship between students’ cognitive entrepreneurial attitudes and skills in machine
woodworking was not by chance.

The finding on the relationship between students’ cognitive entrepreneurial attitudes and attitudes
toward machine woodworking revealed there was strong positive relationship. This is an indication that
students with high cognitive level of entrepreneurial activities are bound to have high attitudes toward
machine woodworking. This finding is expected as Samuel (2018) made a similar finding that shows
strong positive relationship between students’ cognitive entrepreneurial attitudes and attitudes towards
a particular subject matter. Logically, since students with high attitudes toward machine woodworking
tends to have high cognitive level of entrepreneurial activities, it is therefore rational to conclude that
students who exhibit positive attitudes towards machine woodworking are more likely to engage in
entrepreneurial activities after graduation than students with negative attitudes.

On the other hand, the finding on the test for significant relationship between students’ cognitive
entrepreneurial attitudes and attitudes toward machine woodworking revealed that the relationship was
significant. The finding of Samuel (2018) is related to this finding as it revealed a substantial positive
relationship between entrepreneurship attitude and socioeconomic adjustment of primary school
teachers in Benue State, Nigeria. The finding clearly pointed it out those students that possessed positive
attitudes towards machine woodworking tend to be more experienced entrepreneurs. Thus, give them
an edge over their counterparts with lesser attitudes toward machine woodworking. Hence, the
relationship between students’ cognitive entrepreneurial attitudes and attitudes toward machine
woodworking was not by chance.

Conclusion

The study found a positive and significant relationship between entrepreneurial cognitive attitudes and
competence in machine woodworking among students of woodwork technology education in Colleges
of Education in North-West, Nigeria. In essence, the cognitive, components of entrepreneurial attitudes
are determined by the knowledge, skills and attitudes that students acquired in machine woodworking.
This implied that students with entrepreneurial mind-set are likely to bring innovation, risk-taking, and
business growth opportunities to the field of machine woodworking. Hence, it is concluded that the
entrepreneurial cognitive attitudes of woodwork technology education students could be enhanced with
the appropriate knowledge, skills and attitudes of machine woodworking acquired in schools.

Recommendations
Based on the findings of the research, the following recommendations were made:

1. Conferences, workshops, seminars and other capacity building programmes should be
organized by the Federal and State Ministries of Education in order to enhance the knowledge
of machine woodworking lecturers which will positively reflect on the knowledge of the
students and consequently improve their positive entrepreneurial cognitive attitudes.

2. The Federal and State Ministries of Education should ensure the availability of adequate human
and material resources for teaching and learning woodwork technology education that can
guarantee skills acquisition in machine woodworking among students and also boast their
entrepreneurial cognitive attitudes.

3. The Federal and State Ministries of Education should improve on the existing funding to ensure
the availability of adequate human and material resources in woodwork technology education
which will enhance the process of teaching and learning, promote positive attitudes towards
machine woodworking and consequently, improve positive entrepreneurial cognitive attitudes
among students.
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Abstract

This study investigated the application of multimedia and hypermedia technologies in teaching
metalwork technology in Colleges of Education in North Central, Nigeria. Two research questions and
two null hypotheses guided the study. A ddescriptive survey research design was adopted for the study.
The study was carried out in all the Colleges of Education that offer metalwork technology education
programme in North-Central Nigeria. The targeted population for the study was 38 respondents
consisting of 24 highly experienced metalwork technology lecturers and 14 moderately experienced
metalwork technology lecturers from seven Colleges of Education in the study area. A 38-item
structured questionnaire developed by the researcher and validated by three experts was used for
collection for the study. The reliability coefficient of the instrument was .083 using Cronbach’s Alpha
statistics. Mean and standard deviations were used to answer the research questions; while z-test
statistics was used to test the null hypotheses at .05 level of significance. Statistical Package Social
Science (SPSS) version 23 was used for the data analysis. The findings of the study among others
revealed that lecturers rarely apply multimedia technologies in teaching metalwork technology. It was
also revealed that lecturers do not use hypermedia technologies in teaching of metalwork technology.
Based on the findings it was recommended that Government and curriculum planners should make
policies that would mandate the application of multimedia and hypermedia technologies by the
lecturers in teaching and learning of metalwork technology programme in colleges of education in
North-Central Nigeria.

Keywords: Multimedia and hypermedia technologies, metalwork technology and Colleges of Education

Introduction

Colleges of Education are an all-round academic institution of learning established to meet up with an
increasing demand for qualified teachers in Nigeria. College of education is a teacher training institution
or a professional training college for teachers (Mbuthia, 2021). It has the primary role of training
teachers who will be awarded the minimum teaching qualification of Nigerian Certificate of Education
(NCE). Colleges of Education in Nigeria are categorised based on programmes they offered to include
general Colleges of Education and Colleges of Education (Technical). General Colleges of Education
accommodate educational programmes in art, social sciences, sciences and technical education courses,
while Colleges of Education (Technical) offered major technical education programmes, leading to
award of Nigeria Certificate in Education (Technical). Although some few conventional Colleges of
Education also offered course in technical education program. The goal of NCE (Technical) program
is to provide technical teachers with the intellectual and professional background adequate for teaching
technical subjects and to make them adaptable to any changing situation in technological development
not only in the country but also in the world at large. Orji and Ogbuanya (2018) identified technology
education programmes offered in colleges of education in Nigeria to include: automobile technology,
building technology, electrical/electronic, woodwork technology, and metalwork technology.

Metalwork technology Education is a component of technical education offered in the colleges of
education in Nigeria with focus on the activity of making objects/product out of metal. Bello and
Abdulrahman (2019) referred metalwork technology program as the study of all aspects of
metalworking such as bench, sheet, art metal, Jewry, metal finishing, forging, casting, machine, heat
treatment, metal testing, welding and other fastening methods in metal manufacturing. The goals of the
metalwork technology programme in colleges of education as contained in the National Commission
for Colleges of Education (NCCE) (2012) include: to produce qualified Technical Teachers and
Practitioners of technology capable of teaching basic technology in the Junior Secondary Schools (JSS),
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to produce metalwork NCE teachers who will be able to inculcate Scientific and technological
development right from Nigeria school and to prepare metalwork teachers so as to qualify them for a
POST — NCE degree program in technical Education. The realization of these laudable goals may be
influenced through the application of these multimedia and hypermedia technologies.

Application is the act of bringing something to bear; using it for a particular purpose or the action of
putting something into operation. Application in the context of this study refer to the extent to which
lecturers applies the multimedia and hypermedia technologies in teaching and learning of metalwork
technology. Application of multimedia and hypermedia technologies in teaching and learning is
apparently one of the highest thrilling developments that have brought about fundamental
transformation to education. In the opinion of James (2018) the application of new technologies has
advanced the developments of communication and multimedia equipment that are capable of accepting
data, processing data into information and storing both the data and information for future use and
reference purposes. Enemali (2015) also corroborated that technology has provided new ideal shifts in
the way we work, live, read, teach, and learn and this new idea has brought development to our society
and change in individual attitude on how a task is be perform. Therefore, one form of these new
technologies that can be adopt to attain these is multimedia.

Multimedia are instructional programmes that can be highly interactive and feature combination of
sound, animation, video, graphics, and text. Vin-Mbah (2016) defined multimedia as a tele-service
concept that provides integrated and simultaneous services of more than one telecommunication
services, namely voice world, video-world and data-world. According to Sudarman, et al. (2019)
Multimedia means "multiple media" or "a combination of media". The media can be still graphics and
photographs, sound, motion video, animation, and/or text items combined in a product whose purpose
is to communicate the information in multiple ways. Hypermedia on the other hand refers to media like
text, graphics images, sound and video with property of nonlinearity (Vin-mbah, 2016). According to
Fabos (2011) the hypermedia is a revolution in learning because hypermedia not only consist of text,
graphics, video and audio, but also provide network to be accessed by students. Hypermedia is an
emergent of multimedia and text that are integrated in one united system with nonlinear information
access (El Janati, et al, 2018). The potential point of hypermedia as learning resources is its high
flexibility and similarity with human brain work systems. This condition gives benefit for learning,
because it can increase the awareness, cautions, learning styles, and learning motivation for students
(Nwokolo-Ojo, et al., 2015).

Furthermore, integrating technologies in teaching / learning situations has been shown to promote
lecturers and student’s performance and motivation. Literature has also shown that these technologies
does not only have the potentials to create high quality environment but also helps the students to take
better control of the classroom especially when the class size is large (Ojo and Shitmi,2017). However,
in spite of these potential inherent in the use of multimedia and hypermedia technologies in the process
of educational development, its use for teaching and learning in schools such as colleges of education
is abysmally low. This might pose a serious threat to the graduates of metalwork technology in the area
of skill acquisitions and employment opportunities. Thus, it is against this backdrop that the study
sought to investigate the application of multimedia and hypermedia technologies in teaching of
metalwork technology in colleges of education North-Central, Nigeria.

Statement of the Problem

The aim of metalwork technology education programme in Nigeria colleges of education is not only to
produce qualified metalwork teachers and practitioners of technology capable of teaching basic
technology in junior secondary schools, but also to produce competent skilled graduates with sound
theoretical knowledge on how to operate equipment and perform other metalwork skills like welding,
foundry, casting, metal forming and fabrication for production purposes in private practices or in the
industries. Application of the ICT facilities such as multimedia and hypermedia technologies is relevant
in the attainment of the objectives of metalwork technology education programme at NCE level.
Enemali (2015) pointed out that multimedia and hypermedia technologies have been proven to the
teaching and learning of skill related subjects positively. This suggest that metal work technology
students taught with multimedia and hypermedia technologies are most likely to achieve higher
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cognition as well as acquire 21st century practical skills in metal work technology needed for today’s
industry.

However, in spite of the benefits of the application of multimedia and hypermedia technologies in
teaching, evidence in literature suggest that most metalwork technology lecturers do not apply these
technologies in teaching (Almekhlafi, & Almegdedi, 2010, Hutchchison, & Reinking, 2011 and Chen,
2008). The graduates of metalwork technology from colleges of education are pre-service teachers that
need to acquire effective skills, knowledge and values in order to be useful in the world of work. Studies
have shown that many graduates of metalwork technology from colleges of education are not
employable and cannot even be self-reliant due to lack of adequate skill acquisition during their training
(Obi, 2018). This suggest that multimedia and hypermedia technologies may not have been adequately
applied in teaching and learning in colleges of Education in the study area. Hence, the study sought to
investigate the application of multimedia and hypermedia technologies in teaching of metalwork
technology education in COEs in North-Central Nigeria.

Aim and objectives of the study
The main aim of this study is to determine the application of multimedia and hypermedia technologies
in the teaching and learning of metalwork technology in colleges of education, North Central, Nigeria.
Specifically, the study determined the following objectives:
1. ldentify the extent to which lecturers apply multimedia technologies in the teaching of
metalwork technology education.
2. Find out the extent to which lecturers apply hypermedia technologies in the teaching of
metalwork technology education.

Research Questions
The following research questions guided the study:
1. To what extent do lecturers apply multimedia technologies in the teaching of
metalwork technology education?
2. To what extent do lecturers apply hypermedia technologies in the teaching
of metalwork technology education?

Hypotheses
The following null hypotheses were formulated and tested at .05 level of significance to guide the study

HO::  There is no significant difference in the mean responses of highly experienced and moderately
experienced metalwork technology lecturers on the extent to which lecturers apply multimedia
technologies in the teaching of metalwork technology.

HO2: There is no significant difference in the mean responses of highly experienced and moderately
experienced metalwork technology lecturers on the extent to which lecturers apply hypermedia
technologies in the teaching of metalwork technology.

Methodology

The study adopted a descriptive survey research design. This study was carried out in all the Colleges
of Education that offered metalwork technology in North-Central Nigeria. The targeted population for
the study was 38 respondents comprising of 24 highly experienced and 14 moderately experienced
metalwork technology lecturers from all Colleges of Education in North Central States, Nigeria that
offers metalwork technology. Due to smaller number of the population involved in the study, the entire
population was used for the study. Therefore, no sampling techniques was used. A 38-item structured
guestionnaire developed by the researcher was used for collection for the study. Three experts, that is
two experts from Department of Industrial and Technology Education, Federal University of
Technology Minna and one expert from the Department of Science Education also from Federal
University of Technology, Minna validated the instrument. All sections of the research questions were
structured on five-point rating scale with corresponding weighing values of Very High Extent (VHE)
(5); High Extent (HE) (4); Low Extent (LE) (3); Rarely Extent (RE) (2) and and Not Used (NU) (1).
The concept of real limit of number was assigned to each response option. They are as follow: Very
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High Extent (VHE) = 5.00-4.49; High Extent (HE) = 3.50-4.49; Low Extent (LE) = 2.50-3.49; Rarely
Extent (RE) = 1.50-2.49 and Not Used (NU) = 1.00-1.49. The reliability coefficient of the instrument
was .083 using Cronbach’s Alpha statistics. Mean and standard deviations were used to answer the
research questions; while z-test statistics was used to test the null hypotheses at .05 level of significance.
Statistical Package Social Science (SPSS) version 23 was used for the data analysis. The decision for
each research guestion was based on the resulting mean scores interpreted relative to the concept of real
lower and upper limits of numbers as indicated above; while decision on the hypotheses formulated for
study was based on comparing the significant value with (p< .05) level of significance, where the
significant value is less than (p< .05) the hypothesis was rejected, while equal or greater than (p< .05)
the hypothesis was upheld or accepted.

Results

Research Question 1

To what extent do lecturers apply multimedia technologies in the teaching of
metalwork technology education?

Table 1: Mean Responses of Lecturers on the extent of application of multimedia technologies in
teaching metalwork technology education.

S/IN  Items X SD RMK
1 Camcorders 1.47 .83 NU
2 Apple’s Keynote 1.43 81 NU
3 CD/DVD readable/record-able drives 2.41 71 RE
4 DVD players 2.43 .68 RE
5 Digital cameras 1.10 97 NU
6 Digital probes 1.12 .88 NU
7 Email 1.94 1.02 RE
8 Electronic chalkboards 1.30 .88 NU
9 Flash drives 2.45 1.05 RE
10 External hard drive 2.49 1.16 NU
11 Flat Screen monitors 1.23 1.43 NU
12 Headset 1.45 1.05 NU
13 Interactive TV 1.21 .96 NU
14 Internet Access 3.21 .90 LE
15 LCD Projectors 2.30 .98 RE
16 Microsoft’s PowerPoint 2.38 1.04 RE
17 Mobile Telephony 1.04 .67 NU
18 Video conferencing 1.13 .92 NU
19 Digital Microscopes 1.10 87 NU
Grand Mean/SD 1.75 91 RE

KEY: X = Mean of Respondents; SD = Standard Deviation of Respondents; Very High Extent =VHE;
High Extent = HE; Low Extent = LE; Rarely Extent = RE; Not Used= NU; Remark = RMK.

The results in Table 1 shows the mean responses of the respondents on 19 items posed to determine the
extent to which lecturers apply multimedia technologies in the teaching of metalwork technology with
a grand mean of 1.75. This means that lecturers rarely apply multimedia technologies in teaching
metalwork technology. The Standard deviation of the items ranging from 1.43-0.67 indicating that each
of the 19 items had their standard deviation less than showing that 1.96 signifying that the respondents
were not too far from the mean and were close to one another in their responses. This closeness of the
respondents adds value to the reliability of the mean.

Research Question 2

To what extent do lecturers apply hypermedia technologies in the teaching of
metalwork technology education?
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Table 2: Mean Responses of Lecturers on the extent of application of hypermedia technologies in
teaching metalwork technology education.

S/IN  Items X SD RMK
1 Blogging Tools 1.31 1.03 NU
2 Web Browses 3.53 97 HU
3 Yahoo Messenger 241 1.14 RE
4 Clipboard 1.43 .81 NU
5 Electronic portfolios 1.14 .69 NU
6 Glossary 1.13 71 NU
7 Hyper studio 1.12 .94 NU
8 Hyper card stacks 1.21 81 NU
9 Hypertext 1.15 .92 NU
10 Interactive videodisc system 1.29 .78 NU
11 Micro worlds project builder 1.13 1.01 NU
12 Multimedia slideshow 1.16 1.12 NU
13 Multimedia tool book 1.14 1.06 NU
14 Paging 1.13 1.01 NU
15 Facebook 1.30 1.08 NU
16 WhatsApp 1.18 1.14 NU
17 Zoom 1.08 .88 NU
18 Goggle meet 1.14 .84 NU
19 Instagram 1.25 .92 NU
Grand Mean/SD 1.38 94 NU

KEY: X = Mean of Respondents; SD = Standard Deviation of Respondents; VHE = Very High Extent;
HE = High Extent; LE = Low Extent; RE = Rarely Extent; NU = Not Used; RMK = Remark.

The analysis in Table 2 shows the mean responses of the respondents on 19 items posed to determine
the extent to which lecturers apply hypermedia technologies in the teaching of metalwork technology
with a grand mean of 1.38. This implies that lecturers do not use hypermedia technologies in teaching
of metalwork technology. The Standard deviation of the items ranging from 1.14-0.69 indicating that
each of the 19 items had their standard deviation less than showing that 1.96 signifying that the
respondents were not too far from the mean and were close to one another in their responses. This
closeness of the respondents adds value to the reliability of the mean.

Hypotheses Testing
Hypothesis One

HO::  There is no significant difference in the mean responses of highly experienced and moderately
experienced metalwork technology lecturers on the extent to which lecturers apply multimedia
technologies in the teaching of metalwork technology (P<.05).

The result of the z-test on the significant difference between the mean responses of highly experienced
metalwork lecturers and moderately experienced metalwork lecturers on the extent of application of
multimedia technologies in the teaching and learning of metalwork technology education courses is
shown in Table 3.
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Table 3: Independent Samples z-test Results of Responses of Highly Experienced and Moderately
Experienced Metalwork Lecturers on the Extent of Application of Multimedia
Technologies in the Teaching and Learning of Metalwork Technology Education Courses.

GROUPS N Df Mean SD Sig.(2-tailed) Remark
Highly 24 36 1.76 0.71 0.02 S
Experienced

Moderately 14 1.48 0.84
Experienced
N= No. of Respondents, DF= Degree of Freedom and SD= Standard Deviation

Table 3 showed that there were significant differences (P<.05) between the mean response of highly
experience and moderately experience metalwork lecturers on the extent of application of multimedia
technologies in the teaching and learning of metalwork technology education. These data support the
hypothesis with df = 36, and 2-tail = 0.02. The mean and standard deviation for highly experience
metalwork lecturers are 1.78 and 0.71 respectively while the mean and standard deviation for
moderately experienced metalwork lecturers are 1.48 and 0.84 respectively. Hence, hypothesis one was
rejected, which means that level of experience can affect the perception of lecturers on the extent of
application of multimedia technologies in the teaching and learning of metalwork technology education
courses.

Hypothesis Two

HO,: There is no significant difference in the mean responses of highly experienced and moderately
experienced metalwork technology lecturers on the extent to which lecturers apply hypermedia
technologies in the teaching of metalwork technology (P<.05).

The result of the z-test on the significant difference between the mean responses of highly experienced
and moderately experienced metalwork lecturers on the extent of application of hypermedia
technologies in the teaching and learning of metalwork technology courses is shown in Table 4.

Table 4: Independent Samples z-test Results of Responses of Highly Experienced and Moderately
Experienced Metalwork Lecturers on the Extent of Application of Hypermedia
Technologies in the Teaching and Learning of Metalwork Technology Courses

GROUPS N Df Mean SD Sig.(2-tailed) Remark
Highly 24 36 1.61 0.76 0.01 S
Experienced

Moderately 14 1.48 0.73
Experienced
N= No. of Respondents, DF= Degree of Freedom and SD= Standard Deviation

Table 4 showed that there was significant difference (P<.05) between the mean response of highly
experienced and moderately experience metalwork lecturers on the extent of application of hypermedia
technologies in the teaching and learning of metalwork technology courses. These data support the
hypothesis with df = 36, and 2-tail = 0.01. The mean and standard deviation for highly experience
metalwork lecturers is 1.61 and 0.76 respectively while the mean and standard deviation for moderately
experienced metalwork lecturers are 1.48 and 0.73 respectively. Hence, hypothesis two was rejected
which means that level of experience can affect the perception of lecturers on the extent of application
of hypermedia technologies in the teaching and learning of metalwork technology education courses.

Discussion of Findings

The findings of research question one revealed the extent to which lecturers apply multimedia
technologies in the teaching of metalwork technology education. The findings indicate that 12
multimedia technologies such as: Camcorders, Apple’s Keynote, Digital probes, Digital microscopes
and many others were not utilized in the teaching of metalwork technology education. This is because
the aforementioned multimedia technologies are not available for the lecturers to use in teaching of
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metalwork technology education courses. On the other hand, seven multimedia technologies such as
CD/DVD readable/recordable drives, DVD player, Email among others were rarely used.
Consequently, the benefits of utilizing multimedia technologies in teaching metal work technology was
not maximally achieved. This is in line with the study conducted by Efuwape, et al. (2018), it was
observed that certain multimedia technologies, such as camcorders, Apple's Keynote, digital cameras,
digital probes, flat screen monitors, headset, interactive TV, mobile telephony, video conferencing, and
digital microscopes, were not employed by the lecturers in their instructional practices.

The findings of research question two shows that lecturers (metalwork technology education) in the
north central region of Nigeria do not utilize hypermedia technologies in teaching metalwork
technology education. However, web browser and yahoo messenger are highly utilized and rarely
utilized respectively. The lecturers lack proficiency in using some of the hypermedia technologies and
inadequate facilities has limited the extent of utilization of others. According to this finding, all
hypermedia technologies received low mean scores, indicating that they are not used, while web
browsers and yahoo messenger stood out as an exception, being employed to a reasonable extent in
teaching of metalwork technology education. These findings are in line with a study conducted by
Ibrahim and Aliyu, (2021) who found that items such as blogging tools, clipboard, electronic portfolios,
glossary, HyperStudio, HyperCard stacks, hypertext, interactive videodisc system, MicroWorlds
project builder, multimedia slideshow, multimedia tool book, paging, Facebook, WhatsApp, Zoom,
Google Meet, and Instagram all received low mean scores, suggesting that they were not used by the
lecturers in their instructional practices.

Conclusion

The investigated the application of multimedia and hypermedia technologies in the teaching and
learning of metalwork technology in colleges of education, North Central, Nigeria. The findings of the
study serve as the basis for making the following conclusion: that multimedia technologies such as
camcoders, apple keynotes, DVD players, email and headsets were rarely apply by lecturers in teaching
metalwork technology. It was further concluded that: hypermedia technologies such as hypertext,
clipboard, paging, zoom, facebook and whatsapp are not being apply by lecturers in teaching metalwork
technology.

Recommendations

The following recommendations were made in line with the findings:

1. Government and metalwork technology education curriculum planners should make policies
that mandate the application of multimedia technologies in teaching and learning of metalwork
technology education programme in colleges of education.

2. Adequate efforts should be made by the administrators of metalwork technology education
programme to map out pedagogical methodologies that encourage the application of
hypermedia technologies in the teaching and learning process.
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Abstract

The study adopted quasi-experimental design. The study was carried out in technical colleges in Niger
State. The population of the study consists of seven technical colleges in Niger State. The sample of
study was two hundred and forty seven (247) NTC Il, Basic Technology students in technical colleges
in Niger State. Basic Technology Achievement Test (BTAT) and Basic Technology Interest Scale (BTIS)
were used as the instrument. The two instruments were validated by three experts from the Department
of Industrial and Technology Education, Federal University of Technology, Minna. Pearson Product
Moment Correlation Coefficient was used to compute results of the trial testing after test re-test
instrument administration and the results indicated positive correlation coefficients of 0.85 and 0.88
for BTAT and BTIS respectively. The researcher administered the instrument with the help of two
research assistants. Data for the study were collected through pre-test and posttest using the Basic
Technology Achievement Test (BTAT) and the Basic Technology Interest Scale (BTIS). Data collected
were analyzed using Mean and Standard Deviation to answer the two research questions while Analysis
of Co-variance (ANCOVA) was used to test the two null hypotheses at 0.05 level of significance. From
the findings, the study revealed that self-directed learning enhances students’ achievement in Basic
Technology in technical schools more than the lecture method. The finding also revealed that self-
directed learning promotes students’ interest in Basic Technology in technical schools more than the
lecture method among others. The study therefore concluded that students’ poor achievement and
interest in Basic Technology informed the need for the study on the effect of self-directed learning on
students’ achievement and interest in Basic Technology in Technical Colleges in Niger state.

Keywords: self-directed learning, students, Basic Technology, achievement, interest

Introduction

Technical colleges are specialized institutions of learning where learners acquire knowledge, skills and
attitudes necessary for the world of work. Technical college’s according to Umar et al. (2020) are
integral part of the total educational system in Nigeria that contributes towards the development of good
citizenship by developing the physical, social, civic, cultural and economic competencies of the
individual. The goals of technical colleges, as stated by Federal Republic of Nigeria, FRN, (2013) are
to provide trained manpower in the applied sciences, technology and business, particularly at craft,
advanced craft and technician levels; provide the technical knowledge and vocational skills necessary
for agricultural, commercial and economic development; and give training and impart the requisite
skills to individuals who shall be self-reliant economically.

Basic technology is aimed at exposing students to career awareness by exploring usable options in the
world of work and enabling youth to have an intelligent understanding of the increasing complexity of
technology. (Adodo, 2013) it is meant to provide the technical knowledge and vocational skills
necessary for self- reliance. Basic technology is a three year programmes of preparatory instruction in
manipulative skills, mathematics, sciences, communicative abilities and leadership skills which
prepares individual for self- employment. Some of the instructional programmes of basic technology
are; wood work, metal work, electrical/electronic, building architecture/technical drawing. (Federal
Republic of Nigeria, 2013).
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Basic technology, stresses the preparatory aspect of pre-vocational training offered to student at Junior
Secondary School level to introduce them into the world of technology and have an appreciation of
technology towards interest arousal and choice of a vocation at the end of Junior Secondary School and
professionalism later in life.

As a result of this focus, Adodo (2013) states that, these are components of the general education
curriculum which introduces pupils to the elements of technology in order to acquaint them with the
role of technology in a contemporary life and permits them to develop basic practical skills in the
manipulation of simple tools and materials. This element is also designed for information and guidance
purposes for eventual educational and occupational choice. Federal Republic of Nigeria, (2013) refers
to those aspects of the educational processes involving the study of technologies and related sciences,
and the acquisition of practical skills, attitude, and knowledge relating to occupation in various sectors
of economic and social life. Okorie, (2009) perceives vocational education as any form of education
whose primary purpose is to prepare persons for employment in a recognize occupation.

Rocser, (2011) is of the view that, education consists of two components input and output. Input consists
of human and material resources while outputs are the goal and philosophy of the educational process.
Both the input and output form a dynamic organic whole and if one wants to investigate and assess the
educational system in order to improve its performance, effects of one component on the other.
Instructional materials are those materials that teachers need to incorporate in the teaching learning
processes, to help the pupils benefit maximally from the learning experiences (Keshav, 2020).

Self-Directed Learning is a learning process for which students take their role and initiatives to learn
independently without the help of other persons. The activities that are performed by students in this
SDL include diagnosis of the necessity needed in the learning activity, formulating learning objectives,
identifying learning source, choosing and performing learning strategy and evaluating learning
achievement. Harsono (2008) states that SDL is one of the educational learning strategies of equality
which is done either individually or group outside of lecturing or tutorial. It needs to be well managed
by the manager of instruction through well planning.

SDL is considered to be one of the learning methods that is performed by a person for self-interest. SDL
can be conducted in classrooms and in classroom environments that are individual or group who need
limited assistance to orderly conduct in activities (Nur, 2017). Knowles’ theory of SDL as cited by
Malison & Thammakoranonta (2018) state that SDL is as a study process in which students need help
or without the help of others, assessing their learning, formulating goals with appropriate strategies and
evaluate learning outcome. SDL can be viewed as learners’ effort of performing learning activity
independently or with the help of others concerning their motivation to master learning material or to
achieve a particular competency. Students in SDL are usually more actively participating in learning
assignments as they read online learning material, completing class assignments, planning and
evaluating learning outcomes (Geng et al., 2019). With the implementation of self-directed learning
might improve student academic achievement.

Student Academic achievement has to do with the successful accomplishment of goals, measured by
the extent to which instructional objectives are achieved. According to Eze and Osuyi, (2018), academic
achievement is a measure of the degree of success in performing specific tasks in a subject area or area
of study by students after a learning experience. Whereas Ahmad and Ombuguhim, (2020) defined
achievement as the scholastic standing of a student at a given moment in learning both theoretical and
practical skills in Basic technology therefore, is essential to students’ progress in the changing world of
technology. In this regard, effective instructional approach must be developed to improve skills
achievement and to maintain acquired skills at a functional level over a period of time. With adoption
of design-thinking learning strategies, students’ interest might increase. When students' interests are
piqued, their performance improves.

Student interest according to Duru et al. (2021) is defined as a content-specific, person-object
relationship that emerges from an individual’s interaction with the environment. According to the

authors, interest is an important variable in the school context, as it can influence students’ level of
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participation in learning, Self-efficacy of their learning experience as well as their level of performance.
The study therefore poised to find out the effect of self-directed learning on students’ achievement and
interest in basic technology for sustainable development.

Statement of the Problem

Basic technology is one of the trade programme offered at the Technical Colleges which is meant to
prepare students with the requisite skills that can make them to be self-reliant after graduation. Such
skills include but not limited to demonstration of basic knowledge in theory and practical skill content
(NBTE, 2017). The National Examinations Council (NECO) reports show the persistent records of the
students’ low performance in Basic technology and this has been attributed to teachers’ inappropriate
pedagogical approaches. Study Mbonyiryivuze, et al. (2019) had shown that students’ poor academic
achievement is as a result of teaching methods employed by teachers. Similarly, Researchers such as
Duhu and Ibanga, (2020) and Lawal et al., (2020) also identified several factors responsible for
students’ poor performance in subjects such as Basic technology to be specific, and they classified these
factors as students-related factors, teacher related factors, society-related factors and government—
related factors. Among other things that form the teacher-related factors is the teaching methods adopted
by teacher like conventional teaching method. These learning methods adopted by teacher’s’ in the
technical colleges according Ayonmike, (2020) results to students’ abseentism during lesson thereby
paving way for students poor learning outcome.

Various methods of improving the poor performance of students have been neglected, hence there is
the need to look for more proactive methods that will incorporate individual differences of learners and
make them learn in a more profitable way. To search for more efficient methods that will improve
students’ academic performance call for the trial of another individualized approach such as design-
thinking teaching methods. Therefore, the study, seeks to investigate effect of self-directed learning on
students’ achievement and interest in basic technology for sustainable development in Niger State.

Research Questions
The following research questions guided the study:

1. What are the mean achievement scores of students taught Basic technology using self-directed
learning and those taught using lecture method for sustainable development?
2. What are the mean interest scores of students taught Basic technology using self-directed

learning and those taught using lecture method for sustainable development?

Hypotheses

The following null hypotheses were formulated and tested a 0.05 level of significance.

Ho:: There is no significant difference in the mean achievement scores of students taught Basic
technology using self-directed learning and those taught using lecture method for sustainable
development.

Ho2: There is no significant difference in the mean interest scores of students taught Basic technology
using self-directed learning and those taught using lecture method for sustainable development.

Methodology

The study adopted quasi-experimental design. The study was carried out in technical colleges in Niger

State. The population of the study consists of seven technical colleges in Niger State. The sample of

study was two hundred and forty-seven (247) NTC 11, Basic technology students in technical colleges

in Niger State. Basic technology Achievement Test (BTAT) and Basic Technology Interest Scale

(BTIS) were used as the instrument. The two instruments were validated by three experts from the

Department of Industrial and Technology Education, Federal University of Technology, Minna. Pearson

Product Moment Correlation Coefficient was used to compute results of the trial testing after test re-

test instrument administration and the results indicated positive correlation coefficients of 0.85 and 0.88

for BTAT and BTIS respectively. The researcher administered the instrument with the help of two

research assistants. Data for the study were collected through pre-test and posttest using the Basic

Technology Achievement Test (BTAT) and the Basic Technology Interest Scale (BTIS). After the pre-

test, items of the BTAT were reshuffled before re-administration for posttest. The essence of reshuffling

the items was to ensure that students do not memorise all the contents of the BTAT. Data collected from
the two tests (pre-test and post-test) were used for data analysis. Data collected were analyzed using
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Mean and Standard Deviation to answer the two research questions while Analysis of Co-variance
(ANCOVA) was used to test the two null hypotheses at 0.05 level of significance. The ANCOVA was
preferred because of its power to take care of the initial lack of equivalence (differences) in the
experimental and control groups since intact classes were used for the study. The pretest served as
covariate to the post-test and this justifies more the use of ANCOVA for testing the null hypotheses.

Results
Research Question 1: What are the mean achievement scores of students taught Basic technology using
self-directed learning and those taught using lecture method?

Table 1: Mean Achievement Scores of Students taught Basic technology using Self-directed
learning and those taught using Lecture Method

Teaching Methods N Pre-test Post-test Mean
Gain

Mean SD Mean SD Score

Self-directed learning 126 33.28 10.32 79.08 8.80 42.80
Lecture Method 121 33.62 6.20 37.77 725 4.15
Total 247 3345 8.26 58.43 8.03 23.48

Table 1 showed that students taught Basic technology in technical schools using Self-directed learning
had a mean and standard deviation achievement score of 33.28 (10.32) in pre-test while students taught
with lecture method had pretest mean and standard deviation achievement score of 33.62 (6.20)
respectively. This suggests that at pretest level students in both design thinking based and lecture
methods almost had the same achievement. The post-test mean and standard deviation achievement of
students taught Basic technology in technical schools using the design thinking based and lecture
methods are 79.08 (8.80) and 37.77 (7.25) respectively. This implies that students taught Basic
technology in technical schools with design thinking based had better achievement than their
counterparts taught using the lecture method. Thus, the Self-directed learning enhances students’
achievement in Basic technology in technical schools more than the lecture method.

Research Question 2: What are the mean interest scores of students taught Basic technology using
self-directed learning and those taught using lecture method?

Table 2: Mean Interest Scores of students taught Basic technology using Self-directed learning
and those taught using lecture method

Teaching Methods N Pre-test Post-test Mean
Gain

Mean SD Mean SD Score

Self-directed learning 126 169 0.80 3.39 0.68 1.70
Lecture Method 121 155 0.62 1.76  0.75 0.21
Total 247 162 0.71 258 0.72 0.95

Table 2 revealed that students taught Basic technology in technical schools using Self-directed learning
had a mean and standard deviation interest score of 1.69 (0.80) in pre-test while students taught with
lecture method had pretest mean and standard deviation interest score of 1.55 (0.62) respectively. This
suggests that at pretest level students in both Self-directed learning and lecture method almost had the
same interest level. The post-test mean and standard deviation interest of students taught Basic
technology in technical schools using the design thinking based and lecture methods are 3.39 (0.68) and
1.76 (0.75) respectively. This implies that students taught Basic technology in technical schools with
design thinking based had higher interest in Basic technology than their counterparts taught using the
lecture method. Thus, the Self-directed learning promotes students’ interest in Basic technology in
technical schools more than the lecture method.
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Ho:. There is no significant difference in the mean achievement scores of students taught Basic
technology using self-directed learning and those taught using lecture method.

Table 3: ANCOVA Summary Table of the difference in the mean (x) achievement scores of
students taught Basic technology using Self-directed learning and those taught using
lecture method

Source Type 111 Df Mean Square F Sig.
Sum of Squares
Corrected Model 109046.255% 2 54523.128 1081.545 .000
Intercept 28358.581 1 28358.581 562.534 .000
Pretest 3708.140 1 3708.140 73.556  .000
Method 106104.674 1 106104.674 2104.740 .000
Error 12300.587 244 50.412
Total 976558.000 247
Corrected Total 121346.842 246

Table 3 shows the F
value as 2104.74 and the probability value as .000. The probability value of .000 of this finding is less
than the alpha value of 0.05. Therefore, the null hypothesis is rejected and thus, there is significant
difference in the mean achievement scores of students taught Basic technology using Self-directed
learning and those taught using lecture method in favour of the Self-directed learning. This implies that
students taught Basic technology with Self-directed learning had better achievement compared with
their counterparts taught with the lecture strategy.

Ho,. There is no significant difference in the mean interest scores of students taught Basic technology
using self-directed learning and those taught using lecture method.

Table 4: ANCOVA Summary Table of the difference in the mean (x) interest scores of students
taught Basic technology using Self-directed learning and those taught using lecture

method

Source Type Il Df Mean Square F Sig.
Sum of Squares

Corrected Model 165.925%2 82.963 163.546 .000
Intercept 313.734 1 313.734 618.469 .000
Pre-Interest 22191 2.219 4374  .038
Method 165.854 1 165.854 326.950 .000
Error 123.775 244 507
Total 1948.000 247
Corrected Total 289.700 246

Table 4 showed the F value as 326.95 and the probability value as .000. Since the probability value of
.000 of this finding is less than the alpha value of 0.05. Therefore, the null hypothesis is rejected and
thus, there is a significant difference in the mean interest scores of students taught Basic technology
using Self-directed learning and those taught using lecture method in favour of the Self-directed
learning. This suggests that students taught Basic technology with the Self-directed learning had higher
interest in the subject compared to their counterparts taught with the lecture method.

Discussion of Results

The data presented in Table 1 and Table 3 revealed that students taught Basic technology in technical
schools with design thinking based learning had better achievement than their counterparts taught using
the lecture method. There is significant difference in the mean achievement scores of students taught
Basic technology using Self-directed learning and those taught using lecture method. This implies that
students taught Basic technology with Self-directed learning had better achievement compared with
their counterparts taught with the lecture method. This finding is expected as students’ direct
involvement in the teaching and learning processes enhances students’ achievement more than teacher-
dominated instruction. The finding of this study is coherent with that of Fabiano et al. (2021) who
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found that Self-directed learning was very effective in promoting students’ academic performance and
retention in children.

The data presented in Table 2 answered research question 2 while the data presented in Table 4 answered
hypothesis 2. The result of the analysis revealed that students taught Basic technology in technical
schools with Self-directed learning had higher interest in Basic technology than their counterparts taught
using the lecture method. There is a significant difference in the mean interest scores of students taught
Basic technology using Self-directed learning and those taught using lecture method in favour of the
Self-directed learning. This suggests that students taught Basic technology with the Self-directed
learning had higher interest in the subject compared to their counterparts taught with the lecture method.
This finding is expected as students’ active participation in teaching and learning process rekindles their
interests and deactivates boredom and day dreaming. In line with the findings of this study Cereja et al.
(2018) found out that students taught using design thinking exhibited higher interest in the subject
Technical Drawing, than those taught by their teachers using the lecture method.

Conclusions

Students’ poor achievement and interest in Basic technology informed the need for the study on the
effect of self-directed learning on students’ achievement and interest in Basic technology in Technical
Colleges in Niger state. The study indicated that self-directed learning enhances students’ achievement
and interest in Basic technology more than the lecture method. Basically, there was significant
difference in the mean achievement and interest scores of students taught Basic technology using Self-
directed learning and those taught using lecture method in favour of the Self-directed learning. It was
concluded that appropriate use of self-directed learning in teaching Basic technology would facilitate
students’ achievement and interest in Basic technology.

Recommendations

Based on the findings of the study, the following recommendations were made.

1. Basic technology teachers should be encouraged by the government through its relevant
ministries to adopt self-directed learning in teaching and learning Basic technology for better
academic achievement of the students in the subject.

2. The Government through its relevant ministries of education should organize seminars,
workshops and symposia for the in-service teachers on the use of self-directed learning for
effective teaching and learning of Basic technology in technical schools.
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Abstract

Technical Vocational Education and Training (TVET) is widely recognized as a vital driving force for
the socio-economic growth and technological development of nations. In achieving the goals and
objectives of TVET in Nigeria, the quality of the programme needs to be improved and sustained. The
purpose of this study is to ascertain the challenges and improvement strategies of attaining quality
TVET programmes in Nigerian tertiary institutions. Two research questions were raised to guide the
study and two null hypotheses were tested at 0.05 level of significance using z-test statistics. The survey
research design was used and a total 130 Government Technical College, llorin participated in the
study. The instrument of data collection was a questionnaire (CSQTCE) and data were collected by the
researchers. The study revealed the following factors as challenges of attaining quality TVET
programmes in Nigeria tertiary institutions: lack of required TVET facilities, poor funding of TVET
programmes; poor teaching methods employed by teachers; and poor assessment of TVET students’
competency. Also, the study showed that adequate funding; training and retraining of TVET teachers;
provision of required TVET facilities; adequate internal and external supervision; and public private
partnership are improvement strategies for quality TVET programmes in Nigeria. Thus, it was
recommended that the government, stakeholders, policy makers and TVET providers in Nigeria should
focus on TVET quality assurance best practices that have worked in countries around the world.

Keywords: TVET, quality, quality assurance, challenges & strategies

Introduction

Skills and knowledge are the engines of economic growth and social development of any nation (Goel,
2021), And Technical Vocational Education and Training (TVET) holds the key to training the skilled
and entrepreneurial workforce needed for the changing technological workforce (Afeti, 2010).
Technical Vocational Education and Training (TVET) is used as a comprehensive term referring to
those aspects of the educational process involving in addition to general education, the study of
technologies and related sciences, and the acquisition of practical skill, attitudes, understanding and
knowledge relating to occupations in various sectors of economic and social life (UNESCO, 2010).
According to Mclean and David (2019) TVET is concerned with the acquisition of knowledge and skills
for the world of work to increase opportunities for productive empowerment and socio-economic
development in knowledge economics and rapidly changing work environment. TVET thus equips
people not only with technical and vocational skills, but with a broad range of knowledge, skills and
attitudes that are now recognized as indispensable for meaningful participation in work and life.

TVET has numerous goals which vary from countries to countries. In Nigeria, TVET is part of the
formal education system incorporated in the three levels of education primary, secondary and tertiary)
with a view to meeting the nation’s need for skilled manpower and support the economic state of
individual and the nation in general. As qualitative TVET is increasingly recognized as the bedrock of
every development, quality assurance therefore is an indispensable process for achieving the national
goals in TVET which will in turn lead to the production of qualitative human capital for sustainable
national development.

STEM Education for TVET and training

UNESCO (2004) defined TVET as “those aspects of the educational process involving, in addition to
general education, the study of technologies and related sciences and the acquisition of practical skills,
attitudes, understanding, and knowledge relating to occupation in various sectors of economic life”.
Given the fact that vocational education, technical education, career-vocational technical education,
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TVET are used interchangeably, this study adopted and used ‘TVET and training’ (Gordon, 2019;
Tripney and Hombrados, 2018). The rapidly changing global demands of the 21st century draw
increasing attention to STEM education practices and related funding needs within the context of TVET
(Wilkin and Welty, 2014). According to the recent employment growth and productivity trends, job
creation efforts fall short of the demands of the expanding growth of the labor force (International
Labour Organization, 2019). The role of TVET should be prioritized to support innovative individuals
in the society who can produce solutions for cultivating the economy (Castellano et al., 2018). STEM
education leads to improvement in TVET students in academic achievement, self-efficacy, and interest
toward STEM careers (Akgunduz and Mesutoglu, 2020; Chang et al., 2015; Dougherty and Macdonald,
2020; Oran et al., 2018; Reeve, 2016; Wu et al., 2019). TVET is a critical contributor to students’
acquirement of skills valuable for successful employment (Jou et al., 2014; OECD, 2019).

A rich learning environment is part of successful STEM education which can be attained through the
physical and technical infrastructure of TVET (Reeve, 2018; Wilkin and Welty, 2019). The use of
mathematics, science, and technology content in technical branches (e.g., industrial automation,
mechatronics) of TVET create an ideal context for STEM education (Dixon and Hutton, 2016).
Vocational and technical education should embrace the vision of innovation, meaningful application of
knowledge of multiple disciplines and should prioritize collaboration with the industry and education
politicians to equip students with the necessary skills to meet the demands of the workforce (Watters
and Christensen, 2019).

Purpose of the study

TVET high school students need support on developing high order thinking skills such as creative
thinking, reasoning, problem-solving, and abstract thinking (Uzmanoglu et al., 2010; Watters and
Christensen, 2014). For students to acquire these skills as they work on 21st-century problems, one
critical factor is to have competent teachers in STEM education who have positive perceptions toward
STEM teaching (Corlu et al., 2019; OECD, 2015; Vennix et al., 2021). TVET should reform its
educational practices to better adapt to the STEM education movement and contribute to students’ 21st-
century skills development (Fletcher and Gordon, 2017). Important enablers of accomplishing this goal
are (a) PD programs to support teachers and to understand the challenges teachers face in implementing
STEM education practices, and (b) collaborations between TVET, policymakers and the industry
(Ayonmike and Okeke, 2020; Holmlund et al., 2018; Shernoff et al., 2017; Uzmanoglu et al., 2010). In
overcoming the barrier of TVET teachers’ limited competencies concerning the needs of the business
world, educators should consider conducting scientific studies within the context of teacher PD
programs (Hoekstra et al., 2018; Nadelson et al., 2018; Tripney and Hombrados, 2013).

In TVET, quality is directly related to the achievement of the learning outcomes (knowledge, skills and
competence achieved at the end of the learning process) that fulfils the key stakeholders’ expectations:
- students, parents, employers and community in general. Continuous enhancement of the quality of
TVET system is a key priority to any nation that desires to reap the benefits of this all important aspect
of education system. In order to ensure quality in TVET, it is essential to establish quality assurance
(QA) frameworks applying to all aspect of TVET. Globally, the focus today is on strengthening quality
assurance at all levels. There is currently a strong move in many countries towards having rigorous,
internationally recognized TVET quality assurance process. Many countries have initiated steps for
establishment of quality assurance mechanisms keeping in view the provision of TVET. This initiative
is tied to the reforms in TVET sweeping round the globe (Kingombe,2018) Quality Assurance (QA) is
a generic term that can mean different things in different national and regional contexts. In a broad
sense, Maajumdar, et al (2020) described quality assurance as the process of verifying or determining
whether products or services meet or exceed customer expectations. This involves a coordinated quality
assurance system, which should be systematic; provide fundamentals of practice; be manageable so that
its people will use it; be integrated; and allow scope for individual initiative and professional judgment
(Kirkpatrick, 2005).

Quality assurance as applied in education refer to all forms of internal and external quality monitoring,
evaluation or review or the systematic review of educational programmes to ensure that acceptable
standards of education, scholarship and infrastructure are being maintained (African Union, 2007).
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According to Tuck (2007) quality assurance in education is the process and procedures for ensuring that
qualifications, assessment and programme delivery meet certain standards. Quality assurance in TVET
is the systematic management and assessment procedures adopted by an educational institution or
system to monitor performance and to ensure achievement of quality outputs or improved quality
(Majumdar et al., 2010). The main actors to quality assurance in TVET are; teachers, the commission
for quality assurance and evaluation, school management, school inspectorate, and community. It can
be simply put that any activity that is concerned with assessing and improving the merit or the worth of
an intervention in the field of TVET or its compliance with given standards constitutes quality
assurance.

In Nigeria educational system, the quality assurance agencies for TVET include the National University
Commission (NUC), and National Board for Technical Education (NBTE), National Business and
Technical Examination Board (NABTEB). The NUC’s roles include the accreditation, monitoring, and
evaluation of universities programmes, infrastructural facilities, teaching and non-teaching staff, and
instructional materials. On the other hand, the NBTE performed similar task as that of NUC to
polytechnics, technical colleges, and other certificate awarding TVET providers.

Statement of the Problem

Technical vocational education and training (TVET) programmes are designed for people who can
profit and progress by it (Okoye & Okwelle, 2019). In order to accomplish these outcomes, quality must
be the watchword. Quality assurance is a key component of successful internalization, mechanism for
building institutional reputation in a competitive local and global arena and necessary foundation for
consumer protection (National University Commission, 2007). However, over the years Nigerian TVET
programmes are bedeviled with numerous challenges that have been affecting the quality of TVET
programmes both in output and input (Afred & Kayoma, 2017; ganwu, 2011; Okoye & Okwelle, 2019;
Onyesom & Ashibogwu (2013); Uwaifo & U.l Uwaifo, 2012). According to these authors, these
challenges include inadequate funding of TVET; inadequate infrastructures; poor power supply; vortage
of qualified TVET teachers/ instructors; poor supervision of TVET programmes; inadequate curriculum
planning and implementation. Various strategies have been put in place to tackle the challenges of
quality assurance in TVET in different countries in the World. This cannot be said of Nigeria where
quality of TVET is reported to have been marred by several challenges. Quality Assurance is aimed at
remedying all aspects of educational programme which include; facilities, instructional materials,
teaching and learning processes, examination, school environment and human resources. A situation
where indicators and indices of quality assurance may pose as obstacles, need to be addressed. This has
therefore informed this study.

The purpose of this study is to examine the challenges and strategies of attaining quality TVET
programmes in Nigeria. The following research questions were raised to guide the study:

1) What are the students’ factors that act as challenges of attaining quality TVET programmes in
Nigerian tertiary institutions?
2) What are the schools’ factors that posed as challenges of attaining quality TVET programmes

in Nigerian tertiary institutions?

The following research hypotheses were tested at 0.05 level of significance:

1) There is no significant difference in he mean response of male and female GTC members on
students ‘factors that act as challenges of attaining quality TVET programmes in Nigerian
tertiary institutions.

2) There is no significant difference in the mean response of male and female GTC members on
schools’ factors that act as challenges of attaining quality TVET programmes in Nigerian
tertiary institutions.

Methodology

The descriptive survey research design was used in this study. The researchers considered this design
appropriate since no variable was manipulated in this study. The population comprised 130 (100 males
and 30 females) of Government Technical College, llorin. (GTC). No sampling was done, rather all
the 130 GTC llorin were used for the study since the population size was considered manageable. Data
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were collected using a structured questionnaire titled “Challenges and Strategies for Quality Technical
College Education” (CSQTCE) developed by the researchers. The CSQTCE was divided into two parts.
The first part sought information on selected personal data of the respondents. The second part had
sections A, B C and D consisting of 41- items relevant for answering research questions posed in the
study. The response format of CSQTCD sections were based on a four-point Likert scale pattern of
Strongly Agree (SA=4), Agree (A=3), Disagree (D-2) and Strongly Disagree (SD-).

The instrument was content and face validated by three experts in GTC Ilorin. As a result of the experts’
comments, some items were restructured to produce the final instrument. To determine the reliability
of the instrument, twenty (15) copies of the questionnaire were administered twice with an interval of
three weeks to vocational educators who were not part of the sample of this study. The test retest method
was used to ascertain the reliability of the instrument using Cronbach’s Alpha reliability method. The
reliability coefficient obtained was 0.89 which was high and above the recommended acceptable value
of 0.7 for good reliability (Adeyemi, 2019). Therefore, the instrument was regarded as reliable enough
for use in data collection for the study.

The researchers administered the questionnaires to the 130 GTC llorin and 120 questionnaires were
returned (male = 120 and female= 30) which recorded 94% return rate. The mean was used to analyze
the research questions, while the z-test was used to test the hypothesis at 0.05 level of significance.
Mean values of 2.50 and above were accepted while mean values below 2.50 were rejected. Also, it
was decided that where the Z-calculated value was equal or greater than the table Z-value, it indicates
significant difference; the null hypothesis is rejected but if otherwise, the null hypothesis is accepted.
All statistical analyses were performed with statistical package for social sciences (SPSS) software.
Results

Research Question 1

What are the students’ factors that act as challenges of attaining quality TVET programmes in Nigerian
tertiary institutions?

Table 1. Mean responses on students’ factors as challenges of quality TVET in Nigeria
Students Male GTC Member Female GTC Member
Factors as llorin
Challenges of
Attaining Mean S.D Remark  Mean S.D Remark
Quality in
Vocational
Technical
Education
Programme
in
Poor interest 3.63 0.80 Agree 3.33 1.06 Agree
to learn
Poor entry 3.13 0,42 Agree 3.24 0.83 Agree
qualification
for TVET
Programmes
Poor reading 3.41 1.05 Agree 3.02 1.11 Agree
culture
Lack of 3.53 1.49 Agree 2.80 1.09 Agree
required
learning
material such
as
Textbooks
Poor parental 3.55 0.64 Agree 3.40 0.80 Agree
background
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Peer group 3.50

influence

Lack of self 3.48

confidence
Disobedience

to school

regulation and
rules

2.43

0.81

0.81

0.85

Agree

Agree

Disagree

3.33 0.98
3.30 0.10
2.33 1.47

Agree

Disagree

The result shown in Table 1 revealed that the male and female teachers accepted nine items but rejected
one (item 9) as students’ factors that act as challenges of attaining quality TVET programmes in
Nigerian tertiary institutions. his is in line with the view of Anyanwu (2009) who stated that students
can make or mar quality in teaching depending on their attitude to learning. Also, Onachuna and
Nwachukwu (2012) agreed with the findings of this study when they reported that the militating factors
to quality assurance included examination malpractice and cultism.

3.2 Research Question 2
What are the schools’ factors that act as challenges of attaining quality TVET programmes in Nigerian

tertiary institutions?

Table 2. Mean responses on school factors as challenges of quality TVET in Nigeria

Students Factors

as Challenges of

Attaining Quality Mean

in Vocational
Technical
Education
Programme in

Male

GTC

SD

Member

Remark

Fem

ale GTC

Mean S.D

Member

Remark

Poor Teaching
Method by
Teachers

Teachers lack
interest to teach.
Poor Research
Attitude of
Teachers
Negligence of
Duties

Poor preparation of
Lesson by Teachers
Poor Students-
Teacher
Relationship
Inadequate
Classroom Blocks
Inadequate
Electricity Supply

Inadequate
workshop space
Lack of TVET
Machine and Tools

3.84

3.73

3.67

3.40

2.82

2.50

3.37

3.68

3.73

3.42

0.58

0.70

0.81

121

1.36

1.05

2.58

0.67

0.82

Agree

Agree

Agree

Disagree
Agree

Agree

Agree

Agree

Agree

Agree

3.50

3.52

241

3.53

0.27

3.50

3.45

3.33

3.47

3.57

0.90

0.83

0.86

0.73

1.27

3.52

0.97

0.91

0.97

0.86

Agree

Agree

Agree

Agree
Agree

Agree

Agree

Agree

Agree

Agree

Table 2 revealed that both male and female respondents agreed with all the items as government factors
that act as challenges of attaining quality TVET programmes in Nigerian tertiary institutions. This
finding is consistent with those of Okoye and Okwelle, (2013), Onachuna and Nwachukwu (2012),
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Singer (2012), Uwaifo and U.I Uwaifo (2009) who reported among others that poor provision of
facilities and equipment’s; inadequate personnel; poor incentives; poor funding; defect in curriculum
content selection, organization, and delivery system; poor implementation of government policy are
challenges to the attainment of quality TVET in Nigeria institutions.

Hypothesis 1

There is no significant difference in the mean response of male and female GTC members on students’
factors

that act as challenges of attaining quality TVET programmes in Nigerian tertiary institutions.

Table 3 Analysis of mean response of male and female NVA members on students’ factors
challenges of attaining quality TVET programmes in Nigerian tertiary institutions
Group N Mean Std Df Zcal Zcrit Decision
Male 120 3.28 0.48 1.48 0.689 1.645 Accept
GTC
Member
Female 30 3.15 0.37
GTC
Member
N =150, df=148, p<0.05 * Accept

The results in Table 3 show that the calculated z-value (0.689) is less than the critical value (1.645) at
0.05 percent level of significance. The null hypothesis was therefore accepted. This implies that there
is no significant difference between the mean response of male and female NV A members on students’
factors that act as challenges of attaining quality TVET programmes in Nigerian tertiary institutions.

Hypothesis 2
There is no significant difference in the mean response of male and female GTC on schools’ factors
that act as challenges of attaining quality TVET programmes in Nigerian tertiary institutions.

Table 4. Analysis of mean response of male and female GTC on school factors challenges of

attaining quality TVET programmes in Nigerian tertiary institutions

Group N Mean Std Df Zcal Zcrit Decision

Male 120 3.26 0.40 1.48 0.545 1.959 Accept

GTC

Member

Female 30 3.02 0.26

GTC

Member

N =150, df=148, p<0.05 *Accept

Table 4 shows that the calculated. z-value (0.545) is less than the critical value (1.959) at 0.05

percent level of Significance, indicating that there is no significant difference between the mean
response of male and female GTC members on school factors that act as challenges of attaining quality
TVET programmes in Nigerian tertiary institutions. The second null hypothesis was therefore accepted.

Conclusion

TVET is the bedrock to national development. In order to provide TVET programmes that can create
impact in the development of human resources who can be the driving force for technological and
economic growth of the nation, quality and standard will have to be created. Various factors (students’;
school; and government) have been identified as the challenges of attaining quality TVET programmes
in Nigeria tertiary institutions. Also strategies for addressing the challenges of attaining quality TVET
were identified in this study. As a way forward, a workable quality assurance mechanism and system
that will help to foster quality and standard in every aspect (such as input, process, and output) of TVET
programmes in Nigeria tertiary institutions is advocated.
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Recommendations

To further develop TVET and STEM competencies, the total amount of time spared for face-to face
training and online training can be increased to longer hours. More time devoted to the Industry
competencies; robotics programming, the Internet of things, virtual and augmented reality and mobile
programming training can further develop the competencies of these components. Competencies to
create STEM education lesson plan might be improved by addressing more exemplary practices and
increased feedback during the training programs. It should be ensured that the knowledge and
experience of the pedagogical concepts are increased. Special training can be organized for the
development of the teachers to bring together the achievements related to different disciplines and to
address them within the scope of a common subject or problem. This in fact suggests the need to stress
the value of technical branch teachers in TVET education to be able to fully address Industry
components and engineering design process steps

Based on the findings of the study, it was recommended that

1) The government, stakeholders, policy makers and TVET providers in Nigeria should focus on
TVET quality assurance best practices that have worked in countries around the world.
2) The government should adequately fund, plan, implement, and manage TVET programmes in

tertiary institutions in Nigeria.

3) The quality of input TVET programmes must be considered. This can be achieved through the
provision of adequate facilities, equipments, consumable materials, and hand tools; provision
of qualified TVET personnel; adequate provision of instructional materials; provision of in
service training for TVET personnel.

4) Provision of scholarship/grants for TVET teachers/ instructors; proper supervision and
monitoring of the implementation of TVET programmes by government.

5) The introduction of competency based TVET programmes in Nigerian tertiary institutions.

References

Afeti, G. (2010). Technical and vocational education and training for industrialization. Retrieved
December 23, 2012, from htts://www.arrforum.org/publication/occasional-papers/40/95-
technical-andvocational-education-andtrainig-for-industrialisation.html

African Union. (2007). Developing an African higher education quality rating system.  Retrieved
October 28, 2013, from http://www.africa-union-org

Affred, S. B., & Kayoma, F. O. (2012). Enhancing the quality of vocation agriculture in  secondary
schools for agricultural productivity in Nigeria (pp. 99-103). Proceedings of the 2012 Annual
International Conference of the Faculty of Education, Delta State University Abraka.

Anyanwu, J. 1. (2009). Quality assurance in teaching business education in Enugu State: Counselors’
role. Nigerian Vocational Journal, 4(1), 31-40.

Akgunduz, D., & Akinoglu, O. (2017). The impact of blended learning and social media- supported
learning on the academic success and motivation of the students in science education.
Education and Science/Egitim ve Bilim, 42(191), 69-90.

Ayonmike, C.S., & Okeke, B.C. (2017). Improving technical vocational education for producing
competent graduates in the 21st century. International Journal of Vocational Education and
Training, 24(1), 42-58.

Castellano, M., Stringfield, S., & Stone J.R. (2003). Secondary career and technical education and
comprehensive school reform: Implications for research and practice. Review of Educational
Research, 73(2), 231-272.

Corlu, M.S., Capraro, R.M., & Capraro, M.M. (2019). Introducing STEM education: Implications for
educating our teachers in the age of innovation. Education and Science, 39(171), 74-85

128 |Page


http://www.arrforum.org/publication/occasional-papers/40/95-technical-andvocational-education-andtrainig-for-industrialisation.html
http://www.arrforum.org/publication/occasional-papers/40/95-technical-andvocational-education-andtrainig-for-industrialisation.html

9% Hybrid International Conference of School of Science and Technology Education (SSTE)

Gordon, H.R.D. (2019). The History and Growth of Career and Technical Education in America. (3rd
ed.). Waveland Press, Inc.

Kingombe, C. (2018). Lesson for developing countries from experience with technical and vocational
education and training. London, International Growth Centre. Retrieved December 1, 2012,
from http://www.thigc.org

Maajumdar, S., Khambayat, R. P., Tsesoro-Gayondato, T. J., & Solla, R. M. (2020). Integrating quality
assurance in TVET system in support of qualifications framework. International Conference

Mclean, R., & David, N. W. (2019). International handbook of education for the changing world of
work: Briging academic and vocational learning. Retrieved July 2013, from
http://toolkit.ineesiteorg/toolkit/

INEEcms/uploads/1093/International_Handbook_of Education_Changing.Pdf

Okoye, K. R. E., & Okwelle, P. C. (2019). Technical and vocational education and training (TVET) in
Nigeria and energy development, marketing and national transformation. Journal of education
and practice, 4(14), 134-138.

OECD. Centre for Educational Research and Innovation (CERI). Working out change:
systemicinnovation in vocational education and training. OECD, Paris, France. (2019)

Jou, M., Hung, C.K., & Lai, S.H. (2014). A comparative investigation on the learning efficacy of
mechatronic technology between academic and vocational high school students. Journal of
Science Education and Technology, 23(6), 777-783.

Nadelson, L.S., Callahan, J., Pyke, P., Hay, A., Dance, M., & Pfiester, J. (2018). Teacher STEM
perception and preparation: Inquiry-based STEM professional development for elementary
teachers. The Journal of Educational Research, 106(2), 157-168.

Reeve, E.M. (2018). 21st century skills needed by students in technical and vocational education and
training (TVET). Asian International Journal of Social Sciences, 16(4), 65-82.

Vennix, J., Den Brok, P., & Taconis, R. (2021). Perceptions of STEM-based outreach learning activities
in secondary education. Learning Environments Research, 20(1), 21-46.

Watters, J.J., & Christensen, C. (2019) Vocational education in science, technology, engineering and
maths (STEM): Curriculum innovation through school industry partnerships. In C. P.
Constantinou, N. Papadouris, & A. Hadjigeorgiou (Eds.), E-Book Proceedings of the ESERA,
2013 Conference: Science Education Research for Evidence-based Teaching and Coherence
in Learning. pp. 89-110. Nicosia, Cyprus. European Science Education Research
Association.

Shernoff, D.J., Sinha, S., Bressler, D.M., & Ginsburg, L. (2017). Assessing teacher education and
professional development needs for the implementation of integrated approaches to STEM
education. International Journal of Stem Education, 4(13), 1-16.

Tripney, J.S., & Hombrados, J.G. (2018). Technical and vocational education and training (TVET) for

young people in low-and middle-income countries: A systematic review and meta-analysis.
Empirical Research in Vocational Education and Training, 5(3), 1-14.

129 |Page



9% Hybrid International Conference of School of Science and Technology Education (SSTE)

ASSESSING THE EXTENT OF NCE MATHEMATICS EDUCATION NEW MINIMUM
STANDARD IMPLEMENTATION IN COLLEGES OF EDUCATION IN NIGER STATE,
NIGERIA

DR. HASSAN USMAN! & ABUBAKAR SADIQ NDAGARA
Department of Mathematics, Niger state College of Education, Minna, Nigerial?
Corresponding Email: babanibro73@gmail.com

Abstract

The study seeks to assess the extent to which NCE Mathematics new minimum standard is been
implemented in colleges of education in Niger state, Nigeria. Two objectives with corresponding
research question guided the study. The study adopts mixed-methods research design. A purposive
sampling technique was employed to select a total of 17 lecturers from two colleges. To gather data,
two instruments were utilized: the NCE Mathematics Programme Implementation Questionnaire
(NCEMPIQ) and an interview protocol to capture the perspectives of lecturers regarding the extent of
Minimum Standard implementation. Experts validated the questionnaire, and its internal consistency
was evaluated using Cronbach Alpha, yielding a reliability coefficient of 0.79. Mean and standard
deviation were employed for data analysis, with a criterion mean of 2.5 serving as the basis for
assessment. Hence, it was recommended among others that National commission for Colleges of
Education should Establish a monitoring and evaluation framework to track the progress of curriculum
implementation and address challenges promptly.

Keywords: Assessing, College of education, minimum standard, NCE Mathematics, Implementation

Introduction

Nigeria, with its diverse population and rapidly growing economy, recognizes the pivotal role that
mathematics education plays in preparing a skilled workforce, fostering technological innovation, and
addressing socioeconomic disparities (Aliyu, 2023). To this end, the Nigerian government has
embarked on a series of educational reforms aimed at improving the quality of education, with specific
emphasis on mathematics education.

The National Certificate in Education (NCE) program is central to these efforts, as it is responsible for
training the majority of teachers who will go on to educate future generations. The introduction of new
minimum standards for NCE programs by the NCCE represents a significant step forward in this
endeavor (Magaji, & Nayaya, 2022; Bulama, 2014). These standards emphasize curriculum reforms,
innovative teaching methodologies, and effective assessment strategies, all designed to enhance the
preparation of mathematics educators.

Despite these well-intentioned reforms, Alumode and Onuma (2016) stress that there is a pressing need
to assess the extent to which these new minimum standards have been effectively implemented in
Colleges of Education. This assessment is vital for several reasons among which are: Quality
Improvement, Alignment with Global Trends, Economic Competitiveness, Addressing Teacher
Shortages and Enhancing Equity (De Wit & Altbach, 2021).

Thus, the minimum standards hold great promise for advancing mathematics education in Nigeria,
guestions remain regarding the extent to which they have been effectively implemented at the grassroots
level, particularly in Colleges of Education in Niger State. The successful implementation of
educational reforms requires careful planning, allocation of resources, faculty development, and a
supportive institutional culture (Shibankova, Ignatieva, Beloko n, Kargapoltsev, Ganaeva, Beroeva
& Kozlova 2019). Therefore, it is essential to critically examine the challenges, successes, and barriers
encountered during the implementation of these standards, as well as their impact on mathematics
teacher education in the state.

Hence, this research aims to address these critical issues by assessing the extent of the implementation
of the NCE mathematics education new minimum standards in Colleges of Education in Niger State,
Nigeria. Through rigorous examination, it seeks to identify both successful practices and areas that
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require improvement, ultimately contributing to the ongoing efforts to enhance mathematics education
in the state and the nation as a whole.

Aim and objectives of the study

The aim of this study is to Assessing the Extent of NCE Mathematics Education New Minimum
Standard Implementation in Colleges of Education in Niger State, Nigeria. Specifically, the research
objectives are stated to:

1. Assess the extent of the implementation of the National Certificate in Education (NCE)
mathematics education new minimum standards in Colleges of Education in Niger State,
Nigeria.

2. ldentify the strengths and successes in the implementation of the new minimum standards for
NCE mathematics education in Colleges of Education in Niger State.

Research Questions:
1. To what extent have the National Certificate in Education (NCE) mathematics education new
minim.um standards been implemented in Colleges of Education in Niger State, Nigeria?
2. What are the strengths and successful practices observed in the implementation of the new
minimum standards for NCE mathematics education in Colleges of Education in Niger State?

Research Methodology

This study utilizes a mixed-methods research design, incorporating both quantitative and qualitative
research approaches. Harrison, Reilly, and Creswell (2020) and Dawadi, Shrestha, and Giri (2021) have
endorsed the mixed-methods approach for its capacity to offer a comprehensive assessment of research
studies. The study focuses on lecturers in Colleges of Education in Niger State as the population of
interest. A purposive sampling technique was employed to select a total of 17 lecturers from two
colleges. To gather data, two instruments were utilized: the NCE Mathematics Programme
Implementation Questionnaire (NCEMPIQ) in a structured format and an interview protocol to capture
the perspectives of lecturers regarding the extent of Minimum Standard implementation. Experts
validated the questionnaire, and its internal consistency was evaluated using Cronbach Alpha, yielding
a reliability coefficient of 0.79. Mean and standard deviation were employed for data analysis, with a
criterion mean of 2.5 serving as the basis for assessment. For the interview protocol, data collected
during interviews were meticulously recorded, transcribed manually, and then organized and coded to
identify emerging themes. The following methodological steps were followed:

Step 1: The recorded data were transcribed and coded by highlighting and extracting pattern themes to
create an initial group of similarities. This process aimed to identify recurring responses and common
items within each group of questions (pattern themes/similarities). The objective was to break down the
data and categorize them into subsequent groups to facilitate comparisons between responses (pattern
themes/similarities) (Drake, Pytlarz & Patel, 2018).

Step 2: In this stage, the initially extracted pattern themes in the first category were refined to describe
the participants' concepts and beliefs more precisely. This involved creating a verified or theoretically-
based classification, which is more accurate in describing the data and brings it closer to the final stage
of thematic classification. This step aimed to streamline the first group, making it smaller and more
precise, as part of a theoretical or thematic strategy for concept refinement.

Step 3: This phase represents the researcher's synthesis of extracted subthemes and pattern themes,

making it a more theoretical stage in the formation of themes that represent stages 1 and 2 of qualitative
data analysis (Bernard, Wutich, & Ryan, 2016).
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Findings
In this section, Table 1 is presented with its interpretations tailored towards providing answers to the
research questions one raised.

Sno N Mean SD Decision
1 I’m aware of the new minimum standard for NCE mathematics
education in Nigeria. 17 282 1.13 Agreed
2 | adopt the new minimum standard.
17 259 1.06 Agreed
3 I became uncomfortable using the new NCE minimum
218 1.01 .
standard. 17 Disagree
4 All aspects of the new minimum standard were effectively
implemented 17 3.06 0.89 Agreed
5 I face challenges which hindered the successful
implementation of the new minimum standard 17 212 0.99 Agreed
6 | integrated the new minimum standard into my mathematics
teaching practices? 17 288 0.99 Agreed
7 I noticed many changes in student performance or engagement
since the implementation of the new minimum standard
288 1.05 ..
17 Disagree
8 I received many professional development related to the new
minimum standard 17
182 095 Disagree
Grand mean 2.54

Table 1: Mean and standard deviation of the extent of the implementation of the National Certificate in
Education (NCE) mathematics education new minimum standards in Colleges of Education in Niger
State, Nigeria.

Decision mean 2.50

Table 1 shows the. mean and standard deviations of respondents on the extent of the
implementation of the National Certificate in Education (NCE) mathematics education new minimum
standards in Colleges of Education in Niger State, Nigeria. The result obtained show that items 1 - 8
had mean ratings of 2.82, 2.59, 2.18, 3.06, 2.12, 2.88, 2.88 and 1.82 with standard deviations of 1.13,
1.06, 1.01, 0.89, 0.99, 0.99, 1.05 and 0.95 respectively. The table reveals further that, the grand mean
score of responses to the 8 items is 2.54 which was greater than the decision mean score of 2.50 This
implies that National Certificate in Education (NCE) mathematics education new minimum standards
in Colleges of Education in Niger State, Nigeria were successfully implemented.

Research question 2: What are the strengths and successful practices observed in the implementation
of the new minimum standards for NCE mathematics education in Colleges of Education in Niger State?
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The entire responses of lecturers on the strengths, weakness and corresponding suggestions successful
on implementation of the new minimum standards for NCE mathematics education in Colleges of
Education in Niger State were alighted. Two strengths, six weaknesses and corresponding suggestions
to improve the weaknesses were identified. The strengths identified are: the new minimum standards is
accountable, and good for quality assurance. Contrary to this, it is not consistence, too rigid, narrow
focus, lack of update, inequity and lack of teacher input. It was in view of this that it was suggested that
to improve the weaknesses identified, Minimum standards should be consistence. When it is consistence
with the previous once, it becomes easier to assess the performance of teacher candidates and the quality
of programs.

Minimum standards should not be too rigid, leaving room for innovation and adaptation to local
contexts. This rigidity may stifle creativity and hinder the development of effective teaching practices.
Minimum standard should not be too narrow on specific content overlooking important aspects, such
as credit Units allocated to each course.

It should always reflect the latest and best practices. It should always be updated to incorporate new
ideas. Lecturers should have sufficient input into the development and revision of standards. Their
expertise and insights are critical for designing effective mathematics education programs.

Discussion of Findings

The study's findings indicate that the implementation of the new minimum standards for National
Certificate in Education (NCE) mathematics education in Colleges of Education in Niger State, Nigeria
was successful. This aligns with previous research conducted by Muhammed, Garbs, and Mutapha
(2018), which showed significant coverage of the NCE Hausa curriculum. Similarly, Ibrahim (2017)
discovered that the biology core curriculum for senior secondary education in Nigeria was adequately
covered by biology teachers. It is possible that the mandate outlined in the National Policy on Education
blueprint (NPE, 2004) influenced the biology lecturers' adherence to the recommended course content
specified in the minimum standards for implementing the NCE biology curriculum.

Therefore, the compliance of biology lecturers with the stipulated course content in the minimum
standards for the NCE biology curriculum is aimed at achieving the aforementioned goals and ensuring
that they produce biology student-teachers with comprehensive knowledge of both content and
pedagogical skills necessary for effective biology instruction at all educational levels.

Additionally, the study revealed two strengths and five weaknesses, along with corresponding
suggestions for addressing these weaknesses. The identified strengths include the accountability and
quality assurance provided by the new minimum standards. In contrast, the weaknesses include
inconsistency, excessive rigidity, a narrow focus, lack of updates, inequity, and insufficient teacher
input. To enhance the identified weaknesses, it is recommended that: Minimum standards should be
consistent with previous versions to facilitate assessment, it should avoid excessive rigidity to allow for
innovation and adaptation to local contexts, promoting creativity and effective teaching practices.
Minimum standards should not focus too narrowly on specific content, considering aspects like credit
units allocated to each course. Minimum standards should always reflect the latest and best practices
and be regularly updated to incorporate new ideas and finally, Lecturers should have a substantial role
in the development and revision of standards, as their expertise and insights are vital for designing
effective mathematics education programs. The results of the study correspond to that of Atu (2010)
who indicate that NCCE is achieving its objectives. The findings of the study are also in line with that
of Shehu (2009) who reported that teachers had performed better in the implementation of NCE
programme if necessary recommendation from previous studies are adequately addressed.
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Conclusion

In spite of the weaknesses observed, researcher concludes that new minimum standards for NCE
mathematics education in Colleges of Education in Niger State is found to be successfully implemented.
While obstacles exist, there are also promising practices that demonstrate the potential for successful
curriculum alignment. By addressing the identified challenges and adopting the recommended
strategies, Colleges of Education can effectively equip students with the mathematical knowledge and
skills needed for their future endeavours. This will contribute to the overall advancement of
mathematics education in Niger State and Nigeria as a whole.

Recommendations
The following recommendation was made based on the findings and conclusion of this study.

1. The National Commission for Colleges of Education should include evaluation techniques on
the minimum standard for NCE Mathematics curriculum so as to provide uniform standard on
which the student-teachers academic performance will be assessed.

2. National Commission for Colleges of Education should regularly organize seminars and
workshops for the Mathematics lecturers on the need to use all the evaluation technique
without exceptions as they are all vital instrument in teaching and learning process as
well as essential for effective implementation of the curriculum planned.

3. Foster partnerships between Colleges of Education, government bodies, and industry experts
to provide relevant resources and support.

4. Establish a monitoring and evaluation framework to track the progress of curriculum
implementation and address challenges promptly.

5. Create platforms for continuous feedback from students, instructors, and administrators to
ensure ongoing improvement.
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Abstract

This paper focused on Negligence of Technical and Vocational Education as a Threat to National
Security for sustainable Development. The study adopted a descriptive survey research design Three
research questions guided the study. The population for the study comprised of 205 Technical Teachers,
19 questionnaires items were used for the study while 3 experts were engaged to face validated the
instrument. Pearson Product Moment Correlation method was used to determine the reliability of the
instrument at 0.68

Key words: Negligence, Technical and Vocational Education, Threat, National Security, Sustainable
Development.

Introduction

Vocational and Technical Education had been neglected for a long, time because of the negative
perception of those who should project it and nurture it to maturity. The negative perception held by
society that Vocational and Technical Education is for "drop out™ or those who cannot think must
change if this country is to benefit from the constant development in Technology and Engineering. This
would change the orientation of parents and students who now shift into Social Science based programs
because they are convinced that these are the only viable courses to pursue in the in institutions of
learning Simply put, Waziri (2014) opined that the reward system is skewed in such a way that nobody
cares nowadays how to produce money through industry and hard work. What they perceive as ready
money makers is more attractive to them than even the traditional noble profession such as Medicine,
Law and Engineering. Nigeria has been described as a Nation in a hurry; she must therefore be prepared
to pay the price. After all, the Nupe adage has it that "whoever want to eat honey inside the rock must
not worry about what happened to the blade of his axes" if we must make positive Technological
breakthrough in our society.

The United Nations Educational, Scientific and Cultural Organization (UNESCO, 2016) viewed
(TVET) as learning, aims at developing skills in the practice of certain trades, as well as learning, aims
at preparing students for entry into the labour market in general. The organization maintained that in
both cases. Learning may be geared towards direct access to the labour market or lay the foundation for
access to higher education and training with joining specific trades in view. The organization added that
TVET encompasses programs that provide participants with skills, knowledge and aptitudes that enable
them to engage in productive work, adapt to rapidly changing labour markets and economies, and
participate as responsible citizens in their respective societies. Indeed, various contemporary definitions
of the term Technical, Vocational Education and Training (TVET) are evolving to reflect the
fundamental changes in the scope of the programs worldwide. Most recently, the Federal Republic of
Nigeria (FRN, 2013) defined (TVET) as a comprehensive term referring to those aspects of educational
process involving. the study of technologies and related sciences, the acquisition of practical skills,
attitudes, understanding, and knowledge relating to occupations in various sectors of economic and
social life in addition to general education FRN (2013) listed the goals of (TVET) to include among
others: provision of trained manpower in the areas of applied sciences, technology, business, advanced
craft as well as providing training and related skills for self-reliant and employment. Indeed, (TVET) is
a potent means for fast-tracking technological progress, citizens capacities, economic growth and
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national development (Akhuemonkhan & Raimi, 2013) It is designed to train skilled and entrepreneurial
workforces that are needed to create wealth that would help reduce the menace of poverty and
unemployment (Maigida, 2014). According to Ogundele (2013), (TVET) is classified into three
categories: formal, non-formal and informal TVET. Formal TVET refers to organized vocational
education programs provided within an approved public or private educational or training institution
and it is structured (in terms of curriculum, learning objectives and learning time) in such a way that it
constitutes a continuous adder where one level leads to the next and finally leads to certification In a
nutshell, formal TVET covers vocational education programs provided within an approved public
institution, It is intentional from the learner's perspective, it is school based. It has a rigid curriculum,
and the entry qualifications of trainees are fixed Moreover. Teachers in the formal TVET delivery
system are required to be trained technical teachers with relevant vocational teacher’s qualifications
Non-formal TVET is the type of vocational education and training which takes place outside the formal
school system either on a regular or intermittent basis. It has the advantage of a short-term training
period, it is occupation-specific, and the main emphasis is on the acquisition of practical skills for self-
reliance or direct employment in a related field. For this reason, skilled craftsmen with some
pedagogical training may be engaged as Instructors.

Informal TVET is the type of vocational education that is provided by craftsmen of different trades in
the informal sector of the economy. It is more appropriately often referred to as vocational training or
experience based learning and is usually carried out in form of apprenticeship system. Thus, the
informal TVET is characterized by the non-existence of any curriculum or structure as there is no well-
designed scheme and the method of training is not always sequential The master craftsman decides out
of his experience what the apprentice should learn Vocational and Technical Education is the
acquisition of skills and techniques in chosen occupation or profession to enable an individual earn a
living. Technical and Vocational Education is an integrate subject comprising of Metalwork, Building
Technology, Auto Mechanic, Electrical /Electronics, Woodwork and Technical Drawing as matter of
fact, Vocational and Technical Education is aimed at developing not only practical skills but also
attitudes and habits that makes the recipient a creative, innovative and resourceful person in the society.

Education is a problem solving instrument for society and since society's problem according to
Uduigwomen and Ozumba (2014) change over time so much education change as well Curriculum is
the instrument whereby the educational system strives to attain its goals The Curriculum must also
change in line with the dynamics of man's needs, noted by Eya (2006) This implies that although a good
Curriculum may have been planned and developed, there may be need for changes, revision, reforms,
improvements or even total overhauling of the entire curriculum. Ogben and Ugeh (2009) opined that
our educational system (Vocational and Technical Education inclusive) has to show marked flexibility,
if it has to be valuable to its recipients and the entire society. Undoubtedly, the political, social and
economic changes in Nigeria today of a necessity, call for some degrees of rational adjustments There
is now more need for a functional and utilitarian education than liberal education provided by
Vocational and Technical Education. Graduates unemployment presently poses a serious danger not
only to Nigeria but to the entire world. To ensure productivity increase there is need to reposition
Vocational and Technical Education through reforming its curriculum.

In the view of Akin (2016) security refers to the situation that exists as a result of the establishment of
measures for the protection of person’s information and property against hostile persons. However,
Gubak and Bulus (2018) stated that national security can be described as stability and continuity of
livelihood (stable and steady income), predictability of daily life (knowing what to expect, protection
from crime (feeling safe), and freedom from psychological harm (safety or protection from emotional
stress) which results from the assurance of knowing that one is wanted, accepted. loved and protected
in one's community or neighborhoods and by people around. It focuses on emotional and psychological
sense of belonging to a social group, which can offer one protection.

The discovery of a problem they say is halfway to its solution. Finding the way forward for vocational
education in Nigeria entails the correction of anomalies with the quality of Nigerian education system.
Technical/Vocational Education (TVE) has been an integral part of national sustainable development
strategies in many societies because of its impact on the security challenges of any country. Large
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percentage of Nigerian youths are unemployed and have often been the ready tool in the hand of
unscrupulous individuals or group to perpetuate a state of insecurity in the nation, and that VVocational
and Technical Education is a more effective tool in the hand of any government of nation to curb the
problems of unemployment and insecurity, Hence, it is important to consider how we can reform
Vocational and Technical Education in Nigeria and use it effectively (Uwaito, 2001). According to
Ayodele (2016) that the high rate of insecurity as exemplified in Kidnapping. prostitution, and armed
robbery has relationship with unemployment, poverty, illiteracy, and more especially lack of
occupational skills that can be derived from vocational and technical education, which can be described
as any form of education whose purpose is to prepare person(s) for employment in an occupation or
group of occupations This implies that vocational and technical education has a major role to play for
the sustenance of living in his period of security challenges in Nigeria. This is true in the sense that
vocational and technical education can help one to be independent, autonomous, ambitious, and can
take responsibility for their own future. It can help people learn skills to gain jobs and become self-
reliant and most importantly. Candidates with vocational training can find work in several states and
central government organizations, non-profit groups, academic institutions and sometimes even in
private companies. Hence vocational and technical education gives individuals the skills to live, learn
and work as a productive citizens in a global society.

It is an acceptable fact that National policy on Education (NPE 2013) present Technical and Vocational
Education as a form of education for the acquisitions of practical skills. It also states the readiness and
the responsibilities of the Government to enforce the implementation to meet up with the demands of
skills. In 2013 the NPE was reviewed and the section was renamed as "Science Technical and
Vocational Education”. Also the responsibilities of all agencies at all levels were clearly stated. It is
unfortunate to note that, no logical implementation strategies in place despite such splendid policies.

Technical and Vocational Education is a medium of acquiring skills that can be employed to obtain a
useful and meaningful life. Shiba (2015) observed it as a medium of skills development and training to
prepared people for work in the formal and informal sectors. The National policy on Education (NPE
2013) see Technical and Vocational Education as a medium of acquiring practical skills for self-
reliance, attitude for moral living, understanding various ideas and building knowledge relating to
occupation in different areas of life. Basically any skills acquired in Technical and Vocational
Education assist the individual who acquired them towards the acquisition of self-employed jobs. The
National Policy on Education (NPE 2013), stated that, graduate of trained Technical and Vocational
Education should be able to be skillful enough to teach and work in their area of specialization. The
following are vital skills to empower the Technical and VVocational programme: Communication Skill,
Critical thinking Skill, Technical Skill, Entrepreneur Skill and Leadership Skill. All these are the require
skills that makes an individual competent to occupy a substantial job specification in the work
environment.

Purpose of Study

The purpose of this study is to determine the Negligence of Technical and Vocational Education as a
threat to National Security and for sustainable Development. The study also aimed at determines the
factors that can improve enrolment into Technical and VVocational Education programe.

Statement of the Problem

The sustainable development and security of any nation hinge on the social and economic contributions
of her citizens but Vocational and Technical Education that can play a major role in promoting
community and national development, including security sustenance has been neglected for a long time
because of the negative perception of those who should project it and nurture it to maturity. Vocational
and Technical Education can be described as any form of education whose purpose is to prepare
person(s) for employment in an occupation or group of occupations. The level of infrastructural
development and facilities provided by the government are affecting to a large extent, the level of skills
acquisition in the country. The high rate of insecurity as exemplified in kidnapping. Prostitution, and
armed robbery has a relationship with unemployment and poverty. Observation has shown that
vocational and technical education gives individuals the skills to live, learn and Work as productive
citizens in a global society, Therefore, the study aims at looking into the way of improving National
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sustainable development and security through Technical and VVocational Education hence the following
research guestions are raised:
1. What are the factors that can improve enrolment into Technical and Vocational Education
programe?
2. What are the availability and usability of machine and equipment needed in Technical and
Vocational Education?
3. What are the required Skills necessary to empower Technical and Vocational Education
programe?

Methodology

The descriptive survey design is adopted for the study. The population consisted of all Technical
colleges teachers in Lagos State. The sample consists of the 205 Technical and VVocational Educational
Teachers teaching Technical and Vocational subjects from the five State owned Technical Colleges in
Lagos State. The instrument for the study was questionnaire which comprises of 19 items was divided
into four sections A, B, C and D the first section consists of demographic data of the respondents while
the section B takes care of enrolment, section C is on available Machines and equipment’s, section D
is on policies formulated and required skills necessary to empower TVE. A cut-off point of 3.50 was
used for decision making any item whose Mean value is 3.50 or above was judged as agree or required,
while any item whose Mean value is less than 3.50 was judged as Disagree or not required. Also, any
item whose standard deviation is below 1.96 that is 95% confidence limits indicated that the respondents
were close to the mean and not too far from one another in their responses while any item with standard
deviation above 1.96 that is 95% confidence limits indicated that the respondents were far from the
mean and from one another in their responses. The reliability of the instrument was ascertained through
test-retest method using Pearson Product Moment Correlation and coefficient of 0.68 was obtained. The
guestionnaire was personally distributed with permission from the college authorities.

Result and Discussion

The results for the study were obtained from the research questions answered through the data collected
and were analyzed.

Research Questions 1: What are the factors that can improve the level of enrolment into Technical and
Vocational Education programme?

Table 1:Mean Responses of Technical Teachers on the factors that can improve the level of
enrolment N=205
S/N  Factors that can improve the level of enrolment X S.D Remarks
into VTE programme

1. The need to improve advocacy 4.24 0.75 Agree
2. Clearly defined stated objective 3.90 0.89 Agree
3. Abolishment of tuition fees for VTE programme  4.37 0.85 Agree
4, Provision of stipends to the training 3.74 0.98 Agree
5. Redefining curriculum to highlight societal needs 4.19 0.85 Agree

Keys: X= Mean of Respondents, SD= Standard Deviation, A= Agree, N= Number of Respondents

The data presented in Table 1 reveal 5 factors that can improve the level of enrolment into Technical
and Vocational Education programme. The Means for the factors ranged from 3.74 to 4.37. Each Mean
is above the cutoff of 3.50 indicating that all could be the factors that can improve the level of enrolment
in to Technical and Vocational Education programme. The standard deviation values for the five
specific factors ranged from 0.76 to 0.98 and were less that 1.96 that is 95% confidence limit. This
showed that the respondents were not far from one another in their responses and that their responses
were not far from the mean. This added some value to the reliability of the mean.

Research Questions 2: What are the availability and usability of machine and equipment needed in
Vocational and Technical Education?
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Data for answering research question two
S/N  Availability and usability of machine and X S.D Remarks
equipment in VTE

6. Adequate provision of the furniture 418 0.79 Required
7. Adequate financing 3.96 0.80 Required
8. Provision of state of art equipment 441 0.76 Required
9. Training and retraining of the Technical Teachers  3.77 0.87 Required
10.  Equipping the schools laboratory to the standard 4.07 0.76 Required

available in the industries
Keys: X= Mean of Respondents, SD= Standard Deviation, A= Agree, N= Number of Respondents

The data presented in Table 2 reveal 5 factors that can improve the level of enrolment into Technical
and Vocational Education programme. The means for the items ranged from 3.77 to 4.41. Each means
is above the cutoff of 3.50 indicating that all could be the needed items that can improve the
effectiveness of Technical and Vocational Education program. The standard deviation values for the
five items ranged from 0.76 to 0.87 and were less than 1.96 that is 95% confidence limit. This showed
that the respondents were not far from one another in their responses and their responses were not far
from the mean. This added some value to the reliability of the mean.

Research Question 3: What are the required skills necessary to empower Technical and Vocational
Education programme?
Data for answering research question three are presented in Table 3

Table 3: Mean Responses of Technical Teachers on the required skills necessary to empower VTE
programme N=205
SIN Required skills necessary to empower VTE X S.D Remarks

programme
11. Communication skill 4.07 0.76 Agree
12.  Critical thinking skill 3.52 0.77 Agree
13.  Technical skill 420 0.86 Agree
14. Entrepreneurial skill 3.76 0.83 Agree
15.  Leadership skill 3.97 0.79 Agree

Keys: X= Mean of Respondents, SD= Standard Deviation, A= Agree, N= Number of Respondents

The data presented in Table 3 reveal 5 required skills necessary for empower Technical and Vocational
Education programme. The Mean for the factors ranged from 3.52 to 4.20. Each Mean is above the
cutoff of 3.50 indicating that all could be the required skills necessary to empower Technical and
Vocation Education programme. The standard deviation values for the five specific skills ranged from
0.76 to 0.86 and were less than 1.96 that is 95% confidence limit. This showed that the respondents
were not far from one another in their responses and that their responses were not far from the mean.
This added some value to the reliability of the mean.

Conclusion

Regenerating Technical and Vocational Education is critically for national security and for sustainable
development is a common saying that an idle hand is a devil's workshop. If everyone is gainfully
employed and is self-reliant, there will be no problem about poverty or unemployment, which are the
key factors that ginger youths or young school leavers to go into dubious act or causing havoc to
individuals, states etc. Vocational and Technical Education equips students with the right technical
knowledge, skills and trained proficiency, it is the gateway to the nation's industrialization and security
stability. It is high time a bigger premium is put on Vocational and Technical Education, because it is
the key to national stability, security, political and economic growth and development.
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Recommendations

1. Technical and vocational institutions curriculum planners should enhance the present
curriculum to include present societal and industrial demands.

2. Technical and vocational programme and institutions should be governed and administered by
technical educators’ not general education educators.

3. For the purpose of technological advancement, any increase in the number of technical
institutions in the country should go with a corresponding increase in the quality and adequacy
of technical teachers as well as the students' intake.

4. Technical and vocational skills acquired graduates should on their own, provide capital via
bank/community loans to establish small scale industries and discourage the over dependents
on government for employment.
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Abstract

The study was designed to determine the competencies required by motor vehicle mechanics in the
troubleshooting and maintenance of autotronic systems in Kaduna state, Nigeria. Two research
guestions and two null hypotheses guided the study. A descriptive survey research design was adopted
for the study. The study was conducted in all the standard automobile workshops in Kaduna State. A
total of 580 respondents consisting of 20 automobile lecturers and 560 motor vehicle mechanics were
used as total respondents for the study. 35 items structured questionnaire, developed from the literature
reviewed for the study was used to collect data from the respondents. The questionnaire items were face
validated by three experts. The internal consistency of the questionnaire was determined to be 0.85
using Cronbach alpha method. Mean and standard deviation were used to answer the research
questions while Z-test statistic was used to test the null hypotheses at 0.05 level of significance. The
findings among others revealed that: the respondents agreed with the majority of the items for the
troubleshooting and maintenance of transmission and braking systems. Based on findings, it was
recommended that there should be appropriate autotronics retraining skills organized by the
government through the social intervention programs where motor vehicle mechanics could be trained
by experts to utilize the identified skills needed to improve their effectiveness in troubleshooting and
maintenance of autotronics sub-systems.

Keywords: Motor vehicle mechanics, Competencies, Autotronics, Maintenance and troubleshooting

Introduction

Motor Vehicle Mechanics (MVM) is one of the vocational training programmes in Nigerian technical
colleges. MVM involve the acquisition of scientific knowledge in design, selection of materials,
construction, operation and maintenance of motor vehicles. The MVM trade at the technical college
level consists of three components/subjects grouping as; Service Station Mechanic Work, Engine
Maintenance and Refurbishing and Auto Electricity. The aim of MVVM trade is generally to produce a
competent MVM craftsmen and women for technological and industrial development (Baba et al.
2018). Abdulkadir et al. (2017) described motor vehicle mechanic as a person who, for compensation,
engages in the diagnosis or repair of faulty motor vehicles components or system. In essence, according
to National Board for Technical Education (NBTE) (2009) MVM work students are expected to upon
completion of their training be able to test, diagnose, service and repair any fault relating to conventional
automobile assembly main units and systems to manufacturer’s specifications._This means that motor
vehicle mechanics are responsible for the service and repair of motor vehicles including undertaking
work on engine as well as autotronics systems.

Autotronic refer to the system of mechanical components with electronically based decision making
(control circuitry). It involves the design and manufacturing of intelligent products or systems involving
hybrid mechanical and electronic functions of the modern vehicles (Haruna et al. 2015). Autotronics in
the context of this study refers to modern technologies in the field of automobile engineering that
describe an artificial word that combines automotive field and electronics contents applications in motor
vehicles. Tanuja et al. (2016) identified the elements of autotronic in the modern automobile to includes;
sensors, hydraulic and pneumatic (actuators), mechanical couplings, electric motors, power electronic,
assembly gear, control panels, computer hard and software to manage complexity, uncertainty and
communication in modern mechatronic vehicles. The foregoing clearly revealed the incorporation of
these autotronic systems as a result of rapid advancement in technology seems to have not only posed
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serious threats to motor vehicle mechanics in the area of servicing and repairs but also in the aspect of
troubleshooting.

Troubleshooting is a problem-solving process in which the troubleshooter attempts to isolate faults
states in some mal-functional systems, sub system and once the fault is found, the parts are replaced or
repaired (Ele et al., 2016). Baba et al. (2018) further explained that it is a systematic and logical search
for the root cause of a problem so that it can be rectified such that the components and systems can be
restored back to it functional state. Troubleshooting autrotronic systems in modern vehicles implies
identifying the symptoms of dysfunction, the likely causes and rectification of the notable causes.
Autotronics troubleshooting in the words of Alabi, et al. (2019) requires the ability of MVM to adopt
diagnostic tools in retrieving diagnostic trouble codes (DTCs) as well as the use of a scan tool that
communicates with the vehicle’s on-board computer to identify current or permanent fault. It is however
worrisome to note that most MVVM do not have the required troubleshooting competencies, rather rely
heavily on try and error method. The problem according to Tanuja et al. (2016) may be pinned down
to some critical factors, which might not have been properly addressed in the past due to irregular
programme assessment. This situation posed serious consequences on the effective maintenance the
modern automated vehicles.

Maintenance refers to repair activities carried out on modern automotive system and related machineries
to keep them unaltered, and if altered, to restore them to their original state through short daily
inspections, cleaning, lubricating, and making minor adjustments (Giri, 2015). Minor problems can be
detected and corrected before they become a major problem that could shut down the entire vehicle
system and subsystems (Mbah and Oluka 2021). However, maintenance in this study could either be
preventive or corrective. Preventive maintenance according to Selin and Mahasin (2016) refers to
regular routine maintenance where vehicles are inspected, repaired and maintained in such that defects
are prevented from surfacing in the first place; while corrective maintenance is a maintenance task that
could be planned and unplanned performed to identify, isolate and rectify a fault so that failed vehicle
systems can be restored to proper working order (Mbah and Oluka 2021). The author further argued
that the major aim of maintenance on vehicles is not only to ensures their safety and dependability but
also to improve their overall efficiency. This means that for MVM to effectively undertake the
troubleshooting and maintenance of autotronics systems and subsystems he/she must possessed certain
competencies.

Competency refers to the acquisition of knowledge, skills and abilities at a level of expertise sufficient
for one to be able to perform in an appropriate work setting. Wagirna (2020). Competencies in the
context of this study refer to new set of ability required by MVM for the troubleshooting of vehicle
system autotronics according to the manufacturers’ specifications. Mbah and Oluka (2021) observed
that today’s modern vehicles contain more embedded electronic components and controls that requires
higher degree of sophistication for testing and servicing, as well as use of special On-Board Diagnostic
(OBD) tools and testing instruments for troubleshooting and maintenance. Hence, one of the autotronic
subsystem in modern vehicles requiring effective troubleshooting and maintenance on the part of MVM
for its continuous operation is transmission system.

The main function of transmission system is to convey the power developed by the engine crankshaft
to the driving road wheels. Transmission system is a key element in the power train that provides a link
between the power unit and the vehicle wheels (Amadike, et al. 2017). Alabi, et al. (2015) claimed that,
conventional transmission system consists of the following: clutch, gearbox, sliding joint, universal
joint, propeller shaft, universal joint and differential units. The transmission system could be manually
or automatically operated. However, Modern transmission system equipped with electronically
controlled unit for gear selection as well as clutch control is made automatically by the ECU.
Regrettably, the level of competency acquired by these MVM mechanics in transmission system
maintenance, compared with the demands of the labour market and technological advancement, is
nothing to talk about. This explains why most employers of labour in this nation and abroad believe
that the products of technical colleges are half-baked and unusable without further training (Alabi, et
al. 2019). Thus, system of mechanical arrangements that retards the energy of moving vehicle is braking
system.
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Brakes absorb the kinetic energy and dissipate or store it in some other form (usually heat or electricity).
Conversion of kinetic energy into heat energy is a function of frictional force produced by the frictional
contact between brake shoe and moving drum or disc of a braking system (Gbile, et al. 2021). The types
of braking system according to Ogunmilade (2017) include mechanical, hydraulic, pneumatic. The
author further classified modern brake systems to include; brake assist (power brakes), anti-lock braking
system (ABS) as well as traction control system. The ABS prevents skids or tyre burst due to excessive
friction during an emergency braking situation. However, traction control system (TCS) on the other
hand prevent the drive wheels from wheel-spinning during starting off or acceleration on a wet or icy
surface (Gbile, et al. 2021). The ABS is a complex and sophisticated unit of motor vehicle and this
makes it so difficult for road side mechanic to maintain. The modern car owners hardly locate efficient
automobile craftsmen who can service and repair mal-functional ABS. The qualified automobile
maintenance industries who can handle anti-lock braking systems are few in number compare to number
of vehicles in Kaduna State (Ogunmilade, 2017). Thus, troubleshooting and maintenance of the systems
requires the intervention of experts such as automobile lectures

Automobile technology lecturers are experts with the required educational qualifications that influences
to change his attitude and behaviour on the basis of new skills, knowledge, values, habit and practical
skills in the area of both theory and the practical aspects of modern vehicles. Similarly, Alabi, et al.
(2019) further opined that automobile technology lecturers are saddle with the responsibilities of
developing course material, grading assignment, attending conference, consultant and inspiring
meaningful discussion with automobile technology students who upon graduation impact knowledge to
MV M student. Motor vehicle mechanic master craftsmen on the other hand refers to the highly skilled
individual or group of individual whose major works are to maintain vehicle functional condition by
listening to operator complains, conditioning inspection, repairing engine failures, repairing mechanical
and electrical system malfunctions, replacing parts and components as well as body damage (Adamu,
2015). This means both automobile lecturers and motor vehicle mechanic craftsmen should be familiar
with the current technological changes in automotive industry, be computer literate, and plan the
learning activities and experiences with the view of current global changes and practices in the
automobile world of work.

The foregoing clearly revealed that modern automobiles are blend of 20" and 21% century technology.
The designs of modern vehicles have advanced to a very sophisticated level. Indeed, almost every other
function within the automobile is controlled by computerized electrical sensors. However, the MVM
mechanics who are suppose to maintain these vehicles to the manufacturer’s specification end up
complicating the condition of the vehicle. Gbile, et al. (2021) further explained that, this trial and error
work could leads to increase in cost of spending and time on the same fault by the vehicle owners.
Hence, competency in using programming and diagnostic tools (OBD) for troubleshooting by the MVM
craftsmen is required. This study is therefore design to identify the competencies required by Motor
Vehicle Mechanics in the troubleshooting and maintenance of autotronic system in Kaduna State,
Nigeria.

Statement of Problem

The job of motor vehicle mechanics in the automobile world of the work is to effectively undertake
general services such as conduct of standard test procedures, fault diagnosis, rectification of faulty parts
including troubleshooting and maintenance of both conventional vehicles and modern vehicles
equipped with integrated electronic systems and computers (autotronic systems). Aduku (2019)
pointed out that mechanics operate as paid employees in the automobile industry and other
organizations or as self-employed in their workshops to fully undertake maintenance and repairs of
modern vehicles. Modern vehicles are group of emerging technologies that offers fuel economy, safety,
comfort that improves their overall performance.

However, the foregoing innovations which are in form of the incorporation of new technologies with
new subsystems and system components into modern automobiles seems to have changed their
configurations thereby complicating troubleshooting and maintenance process among motor vehicle
mechanics. Aspects of autotronic systems in modern vehicle that required effective troubleshooting and
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maintenance competencies for their smooth operation according to Bellisa (2015) include: transmission
system, braking system, suspension system, ignition system and fuel supply system. Evidences from
the literatures revealed that most automobiles with these new autotronic innovation systems either suffer
disrepair or have the new system replaced by classical substitute systems that new ones were meant to
improve upon; yet some are even completely grounded just barely before its expected service live span
(Ogunmilade, 2017). The possible reasons here might be due to the lack of troubleshooting and
maintenance competencies on the part of motor vehicle mechanics in Nigeria. For instance, Baba et al.
(2018) identified one of the major challenges of motor vehicle mechanics to include lack of competent
knowledge and skills of autotronic principles in which modern automotive system operate upon.
Ogunmilade (2017) argued that majority of motor vehicle mechanics in Nigeria lack the required
competencies to fix anything right on modern vehicles but rather relied heavily on trial and error basis.
This negative development may lead to loss of job among these mechanics. The question here is: What
are the competencies required by motor vehicle mechanics in the troubleshooting and maintenance of
autotronic systems in Kaduna State, Nigeria?

Aim and Objectives of the Study
The aim of this study is to identify the competencies required by Motor Vehicle Mechanics in the
troubleshooting and maintenance of autotronic system in Kaduna State, Nigeria; Specifically, the
objectives of the study are to:
1. Determine the competencies required by motor vehicle mechanics in the troubleshooting and
maintenance of transmission system.
2. Find out the competencies required by motor vehicle mechanics in the troubleshooting and
maintenance of braking system.

Research Questions
The following research questions guided the study
1. What are the competencies required by motor vehicle mechanics in the troubleshooting and
maintenance of transmission system?
2. What are the competencies required by motor vehicle mechanics in the troubleshooting and
maintenance of braking system?

15 Hypotheses
The following null hypotheses were formulated to guide the study and tested at 0.05 level of
significance.

Hos: There is no significant difference in the mean responses of automobile lecturers and motor vehicle
mechanic craftsmen as regards the competencies required by motor vehicle mechanics in the
troubleshooting and maintenance of transmission system.

Hoz: There is no significant difference in the mean responses of automobile lecturers and motor vehicle
mechanic craftsmen as regards the competencies required by motor vehicle mechanics in the
troubleshooting and maintenance of braking system.

Methodology

A descriptive survey research design was employed for this study. The study was conducted in all the
standard automobile workshops in Kaduna State. The targeted population for this study was 12,420
respondents consisting of 20 automobile technology lecturers in Kaduna State Polytechnic Zaria (2),
Kaduna polytechnic (7), College of Education Gidan Way (5) and Air force institute of technology (6)
in Kaduna State and 12,400 registered motor vehicle mechanic master craftsmen in Kaduna south,
Kaduna north, Sabo-geri Zaria and Kafanchan in Kaduna State. A proportional stratified random
sampling technique was employed to draw 5% of motor vehicle mechanic master craftsmen from
Kaduna State, Nigeria. Number are said to be proportional if the second varies is in a direct relation
arithmetically to the first. Nwana (2005) indicated that 5% sample size is smallest of a study population
which ranges between 1,000 — 9,999 subjects. Hence 5% of 12,400 is 620 respectively. Furthermore,
due to the relatively small size of population of automobile technology lecturers in Kaduna State, no
sampling technique was employed for them. The instrument for data collection for the study were a
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structured questionnaire titled: Autotronic System Competencies and Troubleshooting Maintenance
Required Questionnaire (ASCTMRQ). The instrument was validated by the three experts. One expert
from the Department of Technical Education Kaduna Polytechnic, one expert from Department of
Mechanical Engineering Ahmadu Bello University and one expert from Department of Automotive
Engineering Air Force Institute of Technology (AFIT), Kaduna, Kaduna State. The internal consistency
of the instrument used for the data collection for the study was 0.84 through Conbach Alpha statistics.
Mean and standard deviation were used to answer the research questions; While z-test statistics was
used to test the null hypotheses at .05 level of significance. The decisions for research questions was
based on the resulting mean scores interpreted relative to the concept of real lower and upper limits of
numbers of 3.50-4.00; 2.50-3.49; 1.50-2.49 and 0.50-1.49. While the decisions on the null hypotheses
formulated for the study was based on comparing the significant value with (P<.05) level of significant;
that is where the significant value is less than (P<.05) it was rejected, while equal or greater than (P<.05)
level of significant the hypothesis was upheld and accepted.

Research Question 1
What are the competencies required by motor vehicle mechanics in the troubleshooting and
maintenance of transmission system?

Table 1.1: Mean and standard deviation of respondent on the competencies required by motor
vehicle mechanics in the troubleshooting and maintenance of transmission system

N=580

S/N Items X SD Remark
1 Checking output shaft speed (OSS) sensor for irregular or 3.45 059

interrupted rotation of the transmission output shaft. ' ' R
2 Using the scan tool to identify possible cause of clutch pedal

position switch trouble 275 081 R
3 Using the scan tool to test for voltage fluctuation in the

Transmission Range sensor 330 064 R
4 Ability to diagnose voltage fluctuation in the clutch switch input

circuit. 3.45 050 R
5 Ability to check the actuator supply voltage circuit for any

interruption in transmission solenoid 315 062 R
6 Ability to retrieve and clear transmission system freeze data in 975 0.71

the ECU ' ' R
7  Testing Transmission Fluid Pressure to determine if it meet the

minimum calibrated value 2.45 053 MR
8  Ability to detect open or short circuit 275 081 R
9 Ability to find out possible cause of voltage fluctuations in the

Output Shaft Speed (OSS) Sensor 3.30 063 R
10 Ability to diagnose transmission control system malfunction and

clear the freeze data from the ECU 345 059 R
11 Ability to test for functionality transmission system 315 0.75 R
12 Appropriateness of 4x4L when the switch is cycled on and off

2.75 0.71 R

13 Using the scan tool to test the Park/Neutral Position (PNP) switch 245 051

for functionality ' ' MR
14 Using the scan tool to diagnose intermittent malfunction signal

in the Turbine Shaft Speed (TSS) Sensor 275 083 R
15 Using the scan tool to Diagnose possible cause of gear Shift 330 0.63

Malfunction ' : R

Grand Mean/SD 3.01 0.65 R

Note: N = Number of respondents; X = Mean SD = Standard Deviation; Highly Required (HR);
Required (R); Moderately Required (MR); Not Required (NR)

Table 1 shows the mean responses of the respondents on fifteen (15) items posed to determine the
competencies required by motor vehicle mechanics in the troubleshooting and maintenance of
transmission system with grand mean of 3.01. This implies that motor vehicle mechanics requires the
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competencies in troubleshooting and maintenance of transmission system. The standard deviation of
the items ranges from 0.50-0.83 which is less than 1.96 meaning the respondents were not too far from
the mean and were close to one another in their responses. This closeness of the respondents add value
to the reliability of the mean.

Research Question 2

What are the competencies required by motor vehicle mechanics in the troubleshooting and
maintenance of braking system?
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Table 2: Mean and standard deviation of respondent on the competencies required by motor
vehicle mechanics in the troubleshooting and maintenance of braking system

N=580
SIN' 1tems % gp Remark
1 Check the positions of the brake sensors 3.45 0.60 R
Identify the causes of ABS delay for rectification 3.15 0.76 R
Check the service manual for the voltage/resistance values on
various pins and sensors 275 0.76 R
4 Top the brake fluid container as recommended by the R
manufacturers. 3.45 0.60
5 Change the brake lining if bad 2.75 0.81 R
6 Check the lines of the ABS for leakages and functionality 3.30 0.64 R
7 Remove the wheels in order to clean the brakes 3.45 0.58 R
8 Manually clean the brakes on the car 215 0.73 MR
9 Making sure that the TRAC OFF switch is in the enabled R
position. 275 494
10 Connection of the sub-harness leads directly to the battery
terminals to operate the TRAC pump. 3.45 0.59 R
11 Recording the codes in the chart when scanning. 275 0.89 R
12 Indicating which light outputs with each code. 2.30 0.62 MR
13 Checking of the service manual for the voltage. 245 057 MR
14 Allowing the pump to run for 30 seconds after tightening the
bleeder screw. 315 0.72 R
15 Making sure that the lift does not interfere with the rotating
wheels when serving. 275 0.73 R
16 Carry out basic tests and repairs on traction control system
using computer animation. 3.45 0.59
17 Identifying the on-board diagnostic port in vehicles. 2.85 0.81
18 Consult the service manual for a chart of specific values of
components. 3.30 0.64 R
19 Identify the needed materials for servicing of ABS 3.55 0.59 HR
20 Replace the brake fluid as often as recommended by your
vehicle's owner's manual 365 0.72 HR
Grand Mean/SD R
3.04 0.68

Note: N = Number of respondents, x = Mean, SD = Standard Deviation; Highly Required (HR);
Required (R); Moderately Required (MR); Not Required (NR)

Table 2 shows the mean responses of the respondents on twenty (20) items posed to determine the
competencies required by motor vehicle mechanics in the troubleshooting and maintenance of braking
system with grand mean of 3.04. This implies that motor vehicle mechanics requires the competencies
in troubleshooting and maintenance of braking system. The standard deviation of the items ranges from
0.57-0.81 which is less than 1.96 meaning the respondents were not too far from the mean and were
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close to one another in their responses. This closeness of the respondents add value to the reliability of
the mean.

Hypothesis 1

There is no significant difference in the mean responses of automobile lecturers and motor vehicle
mechanic craftsmen as regards the competencies required by motor vehicle mechanics in the
troubleshooting and maintenance of transmission system.

Table 3: Two Independent Samples Z-test Results (automobile lecturers and motor vehicle
mechanic craftsmen as regards the competencies required by motor vehicle mechanics in
the troubleshooting and maintenance of transmission system)

Groups N df x SD Sig. (2-tailed)  Remark
automobile technology lecturers 20 578 3.28 0.25

motor vehicle mechanics 560 315 022 1.00 NS
craftsmen

Significant at P>0.05 NS = No significant

Table 3 revealed that there was no significant difference (P<0.05) in the mean ratings of the respondents.
These data supported the hypothesis, df = 578; 2-tail = 1.00. The mean and standard deviation for
automobile technology lecturers were 3.28 and 0.25. The mean and standard deviation for motor vehicle
mechanics craftsmen were 3.15 and 0.22 respectively. Hence, hypothesis one was retained. This mean,
there was no significant difference in the mean achievement scores of automobile lecturers and motor
vehicle mechanic craftsmen as regards the competencies required by motor vehicle mechanics in the
troubleshooting and maintenance of transmission system.

Hypothesis 2

There is no significant difference in the mean responses of automobile lecturers and motor vehicle
mechanic craftsmen as regards the competencies required by motor vehicle mechanics in the
troubleshooting and maintenance of braking system.

Table 4: Two Independent Samples Z-test Results (automobile lecturers and motor vehicle
mechanic craftsmen as regards the competencies required by motor vehicle mechanics
in the troubleshooting and maintenance of braking system)

Groups N df x SD Sig. (2- Remar
tailed) k

Automobile technology 20 578 3.1 0.2

lecturers 5 2

Motor  vehicle  mechanics 560 32 02 083 NS

craftsmen 5 1

Significant at P>0.05 NS = No significant

Table 4 revealed that there was no significant difference (P<0.05) in the mean ratings of the respondents.
These data supported the hypothesis, df = 578; 2-tail = 0.83. The mean and standard deviation for
automobile technology lecturers were 3.15 and 0.22. The mean and standard deviation for motor vehicle
mechanics craftsmen were 3.25 and 0.21 respectively. Hence, hypothesis two was retained. This mean,
there was no significant difference in the mean achievement scores of automobile lecturers and motor
vehicle mechanic craftsmen as regards the competencies required by motor vehicle mechanics in the
troubleshooting and maintenance of braking system.

Discussion

The major finding of the study was discussed in the order of the research questions and hypothesis
formulated for study. The analysis of Table 1 showed that respondents agreed with 13 out of 15 items.
However, 2 items were disagreed by the respondent as regard troubleshooting and maintenance of
transmission system. The findings is consistent with the assertion of Alabi, et al. (2019) who advocated
that ability to check the actuator supply voltage circuit for any interruption in transmission solenoid and
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checking output shaft speed (OSS) sensor for irregular or interrupted rotation of the transmission output
shaft among others, were competencies required by motor vehicle mechanics in transmission system.
However, it is then not surprising that even though some competencies were required by MVM
craftsmen in troubleshooting and maintenance of transmission system, yet Tanuja, et al. (2016) noted
that testing transmission fluid pressure to determine if it meet the minimum calibrated value and using
the scan tool to test the Park/Neutral Position switch for functionality are still lacking behind, thus
disagreed by the respondents as supported by the author.

HO;:- It was found out that there was no significant difference in the mean achievement scores of the
two groups of respondents (20 automobile lecturers and 560 motor vehicle mechanic craftsmen) as
regards the competencies required by motor vehicle mechanics in the troubleshooting and maintenance
of transmission system. The null hypothesis of no significant difference was therefore upheld for the
two groups. The implication of this is that the respondents did not differ significantly in their opinions
on the 15 items. Generally, the findings of the study on hypothesis one was in conformity with the
findings of Gbile, et al. (2021) where it was found out that there was no significance difference in the
mean ratings of the responses of automobile lecturers and motor vehicle mechanic craftsmen. The
findings of Alabi, et al. (2019) gave credence to the findings of this study on hypothesis one.

The analysis of Table 2 showed that respondents agreed with 17 out of 20 items. However, 3 items were
disagreed by the respondent as regard troubleshooting and maintenance of braking system. The findings
is in conformity with the findings of Ogunmilade, (2017) who advocated that ability to replace brake
fluid as often as recommended by the vehicle's owner's manual as well as identifying the needed
materials for servicing of ABS among others, were competencies required by motor vehicle mechanics
in braking system. The stand of the respondents could have stemmed from the findings of Giri, (2015)
who opined that manual cleaning of brakes on the car and checking of the service manual for the voltage
among other competencies were not required by motor vehicle mechanics in the troubleshooting and
maintenance of braking system as supported by the researcher.

HO.:- It was found out that there was no significant difference in the mean achievement scores of the
two groups of respondents (20 automobile lecturers and 560 motor vehicle mechanic craftsmen) as
regards the competencies required by motor vehicle mechanics in the troubleshooting and maintenance
of braking system. The null hypothesis of no significant difference was therefore upheld for the two
groups. The implication of this is that the respondents did not differ significantly in their opinions on
the 20 items. Generally, the findings of the study is in assertion with the findings of Giri (2014) that
there was no significance difference in the mean ratings of the responses of automobile lecturers and
motor vehicle mechanic craftsmen. The findings of Ogunmilade (2017) gave credence to the findings
of this study on hypothesis two.

Conclusion

The study is determined to ascertain the competencies required by Motor Vehicle Mechanics in the
troubleshooting and maintenance of autotronic systems in Kaduna State, Nigeria. The finding of the
study serves as the basis for making the following conclusion that: Motor Vehicle Mechanics require
competencies in the troubleshooting and maintenance of transmission and braking systems in Kaduna
State.

Recommendations

The following recommendations were made based on the findings of this study

1. There should be appropriate autotronics retraining skills organized by the government through
the social intervention programs where motor vehicle mechanics could be trained by experts
to utilize the identified skills needed to improve their effectiveness in troubleshooting and
maintenance of autotronics sub-systems.

2. Appropriate scan tool/equipment should be use by motor vehicle mechanics to diagnose
intermittent malfunction signal in the turbine shaft speed (TSS) sensor based on present
innovation in autotronics system to eliminate trial and error.
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3. Motor vehicle mechanics should embrace self development by improving their skills through
continuous education in testing and detecting defective reflector sensors. Hence almost all the
modern component in automobile are electronics base.
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Abstract

There is generally low enrolment of female students in Technical, Vocational Education and Training
(TVET) in Nigeria. Despite the few progress made in the last decade in enhancing progress, equity,
quality, opportunity rates and gender parity in education and Training in Nigeria, but Technical,
Vocational, Education and Training (TVET) field continues to experience low female enrolment in
Science, Technology, Engineering and Mathematics (STEM) based courses. This paper was carried out
to focus on the present state of female participation in TVET and enumerate factors militating against
effective contribution of female gender in all aspect of life in Nigeria. This study recommends fair and
equal opportunities for both female and male to perform in TVET related subjects at schools so as to
enable more female participation in TVET and STEM fields of study, and generally to the world at
large. Educationists believe that no country can grow beyond is education, and for noticeable
development to take place in Nigeria, there is need for good synergy between education and
developments. This relationship can only have positive impact when women benefits more from the
synergy because whoever educate a woman, educate a nation. This paper also recommends gender
responsive approaches at all levels of education, such as having certain percentage of female being
given admission for Science, Technology, Engineering and Mathematics (STEM) related courses, and
encourage female enrolment in Vocational and Technical Education (VTE) based subjects at secondary
school level of education, which will assist in changing their mind set towards choosing careers in
Technical, Vocational and Education Training (TVET) in the Tertiary Institutions.

Keywords: Technical, Vocational Education and Training (TVET), Female Participation, Science,
Technology, Engineering and Mathematics (STEM), Vocational and Technical Education
(VTE).

Introduction

Destruction of any nation does not require war, conflict, violence and so on, but denial of it citizens of
gualitative education in technology, most especially the female gender because education is a veritable
tool for national development but it has illusion to female gender in Nigeria. It is observed that female
gender are traditionally disadvantages with other associated problems and obstacles that hindered the
right of female gender to Technical, Vocational Education and Training (TVET), which is designed to
improve quality of life because it enables individual to become economically productive so as to escape
poverty and marginalization when individuals are equipped with skills, they become entrepreneurs,
employable and informed citizens thereby contributing to economic development of a nation (Anaele,
Isiorhovoja, Dele & Asoluka, 2014). But it’s a pity that majority of these individuals given opportunity
of skill acquisition trades are male genders while female genders are faced out. The role of women’s’
education and empowerment cannot be underestimated, because it is said when a man is educated, you
educate a person, but when a woman is educated, you educate a nation. The reason is not farfetched,
education starts from home and mother is the first teacher. The belief that gender equality in the world
has made reasonable progress is just fallacy, because there’s still a noticeable gap in the educational
sphere especially in Technical, Vocational Education and Training (TVET) in Nigeria.

Haman resources development through TVET not only contributes to economic development but also
leads to enhancement of social participation. The greater percentage of human resources that
contributed to economic development are female genders mostly in marketing, agriculture, cloth
making, education and so on.
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Gender is the state of being male or female with reference to socially and culturally defined
characteristics of masculinity or feminist. Also gender is used to refer to the socially constructed
relationship between women and men in particular society. Although gender role of men and women in
one society may differ from those in another society. The concept of gender recognized that men and
women are not in a homogeneous group. UNESCO (2010) refers to gender as those characteristics of
men and women that are socially determined and are always distinguished from those that are generally
or biologically determine (sex). Gender-differentiated performance implied that there are some
activities or tasks in which males excel more than female.

Gender differences are social constructs inculcated based on a specific society’s particular perception
of the physical difference and the assured taste, tendencies and capabilities of men and women.
Societies determine what resources when men and women will access jointly or separately, what work
men and women shall perform and what rewards, what types of knowledge are appropriate for men and
women and how and where this knowledge is acquired. Gender relationship differs based on culture,
religion, ethnicity and classes that men and women belong, each institutions has its own gender culture,
that is the relationships between women and men, for example, who hold more powerful position have
position have access to more resources, and has a stronger network that can be used to their benefits.

It is estimated that women total to one half of the world’s population, and they represent two thirds of
the world’s workers, but ironically earn one tenth of the world’s income and own one hundreds of
property (Adelakun, Oviawe et al 2015). According to the above data, women play effective roles in
economics development of the world but they play little or minute roles in technological advancement.
The inequality can be linked to unequal access to training opportunities. For example, a study conducted
in Nigeria found out that females’ participation in TVET and Science, Engineering and Technology
(SET) show that female genders are still underutilized and occupy the middle or lower status, in spite
of the recent steady progression from this status over time (Udeani & Ejikeme, 2001). This is confirmed
by another study which reported that a large percentage of women are found mainly in poorly paid jobs
and several others go into early marriages, prostitution and child labor (Adelakun, Oviawe et al2015).
More so, a study by UNESCO (2010) concurs with this fact by pointing out that male students
outnumber the female students in 91% of countries globally, despite increased in parity in enrolment in
higher education and in Science Technology Engineering and Mathematics (STEM) disciplines.

Moreover, in the developed world, countries such as United Kingdom experience low rates of female
participation in STEM related subjects and occupational choice (National Academics Press, 2007). This
lacuna is attributed to gender inequality in the curriculum, classroom pedagogy and failure to offer
support for development of self-esteem by the education system, confidence and aspiration of female
learners at the formative stage (Johnson and Kendrick, 2005 cited in Watermeyer, and Stevenson, n.d).
Female under representation in TVET is becoming an issue both in developed and developing countries,
Nigeria included. According to the United Nations Human Development Report (2008 — 2009), Nigeria
is classified as a low developed country in respect of equality in educational accessibility with Female
Adult Literacy Rate (age 15 and above) of 55.1% against 73.2% male. United Nation (1979) in
UNESCO (2010) noted that women alone constitute one half of the world’s population, do two-thirds
of the world’s work, earn one tenth of the world’s income and own one hundredth of the world’s
property including land. Institute for Women’s Policy Research (IWPR, 2013) noted that women and
girls are underrepresented in Career and Technical Education (CTE) programmes that prepare students
for careers in high paying occupations like Science, Technology, Engineering and Mathematics
(STEM), the skilled trades and other occupations traditionally done by men in highly skilled
professions, it is necessary to carry women along in developmental programmes for self-sustenance.
Oganwu (1996) cited by Owodunni and Igwe (2016) equally points out those Nigerian women and other
African women have been denied and dishonoured by the belief that every woman is supposed to
consider motherhood as their principal purpose in life. That is, women are created for producing
children, cooking food, mending and washing clothes, taking care of men and children, submissive to
male authority. In corroborating the above fact, the presidential speech made by former President
Mohammed Bubhari at his first inauguration on the 29th of May, 2015, he said that the role of the first
lady (Aishat Buhari) is in the bedroom and kitchen but not in the First Lady’s office. Also, the previous
kidnapping of female students of Girls Secondary School, Chibok, BornoState on the 14th of April,
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2014 and Dapchi School Girls, Yobe State on the 19th of February, 2018 and the recent kidnapping of
female students of Federal University Gusau, Zamfara State to mention few has demonstrated that
there’s attempt to frustrate the female gender from obtaining qualitative education, which has become
a mirage to the female students in the northern part of Nigeria. According to Omoregie and Ihensekien
cited by Owodunni and Igwe (2016), there is still much gender inequality in Nigeria’s education in spite
of all steps taken by the Federal Government to give equal gender opportunity to education in Nigeria
as a whole such as the provision of the Universal Free Primary Education (UPE) in 1976. But frequent
attack of female student may truncate all efforts if drastic measures are not taken, Nigeria education
will only be dominated by males and female will be relegated to farm, market, baby factory, prostitution
and promote poverty level in the country.

In the study conducted by Eta (2000) on Dimension of Gender Crisis in Nigeria Education, it was
observed that there is low enrollment of female students in VVocational and Technical Education (VTE)
courses, such as Mechanical, Automobile, Building, Woodwork, Fine-Art, Agricultural Science etc.
Which has shown that there’s gender disparity and crises in this aspect of education. Also, Osideinde
(1999) reported that the gender ratio in the educational system indicates that males are more educated
than females in Technical and Vocational Education and Training (TVET). This report was supported
by Okorie (1998) who stated that there is gender gap in access to education and that women receive less
education than men. He stated further that despite increase in education enrolment at various levels
fewer girls participate in technical and vocational courses. Further still, Mamba, Mwambu and Kameji
(2002) and Nyerere (2009) agree that TVET delivers core entrepreneurial communication, financial and
leadership skills which translate to increase wage and self-employment opportunities. TVET is essential
to the world of work and is an effective means of empowering the society to engage in productive and
sustainable livelihoods (Simiyu, 2009).

However, improving gender equality in TVET programmed is still riddled with many challenges,
therefore it is pertinent to carry females along in developmental efforts for self-sustenance through
Technical, Vocational Education and Training (TVET). This paper focuses on the concept of TVET,
perception of females in TVET, factors hindering female participation in TVET, ways of encouraging
female participation in TVET and it provides suggestion for recommendations.

Technical, Vocational Education and Training (TVET)

Technical, Vocational Education and Training (TVET) is generally regarded as education for work; that
is the type of education that prepares individuals in the society for the world of work. Federal Republic
of Nigeria (FRN) (2012), viewed TVET as a comprehensive term referring to those aspects of the
education, the study of technologies and related sciences and the acquisition of practical skills, attitudes,
understanding and knowledge related to occupations in various sectors of economic and social life.
Furthermore, TVET prepare people for skilful performance on practical tasks. It involves the acquisition
of skills and competences that can help individuals to function productively in industrial and
commercial occupations (wapmuk, 2011). TVET can also be expressed as a form of education that deals
with acquisition of skills, knowledge and attitudes needed for effective productivity for self-
sustainability and enable individuals to secure employment in a specific occupation.

On a general note, TVET is meant to equip individuals with skills needed to function in an occupation,
therefore it requires a unique pattern of human capital against liberal education. In conclusion,
Technical Vocational Education and Training (TVET) is further understood to be stated by (Adelakun
and Oviawe, 2005).

. An Integral part of general education.

. A means of preparing for occupational fields and for effective participation in the world of
work.

. An aspect of lifelong learning and a preparation for responsible citizenship.

. An instrument for promoting environmentally sound and suitable development.

. A method of alleviating poverty.

The FRN (2004) stipulated the objectives of TVET as follows:
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a. To provide trained manpower in applied science, technology and commerce particularly at sub-
professional level.

b. To provide the technical knowledge and vocational skills necessary for agricultural, industrial,
commercial and economic development.

C. To produce people who can apply scientific knowledge to the improvement and solution of
environmental problems for the use and convenience of man.

d. To give introduction to professional studies in engineering and other technologies.

e. To give training and impact the necessary skills leading to the production of craftsmen,
technicians and other skilled personnel who will be enterprising and self-reliant.

f. To enable young men and women have an intelligent understanding of the increasing

complexity of technology.

Based on all the benefits of TVET programmes, it is noted that no nation can adequately developed
technologically if neglect the development of its human resources which embraces males and females
that should be given equal access to maximize their potentials. But the reverse is the case of females’
education in Technical, Vocational Education and Training (TVET) in Nigeria.

Perception of Females Gender in Technical, Vocational Education and Training (TVET)

The term gender is used to refer to socially constructed relationship between women and men in a
particular society. Biologically, sex refers to a state of being a male or female while gender as a social
identity changes over time and space. Therefore, female as a concept denotes girls and women, and
there has been gender disparity against females. Female in Nigeria have a basic human right to be
educated, but the right does not have the free will to operate in the education system in the country
especially in Technical Vocational Education and Training ( TVET) programs. Females have fewer
opportunities to education in comparison with males. According to Napikoski (2014), patriarchal
society consists of a male -dominated power structure throughout organized society and in individual
relationships. The female gender is generally disadvantaged in access to education, employment, wage
and land acquisition just to mention few. The challenges militating against female equality include
socio-cultural practices, low economic status, patriarchy and low education. According to Wubon
(2013), education has not necessarily been a priority for the girl-child because of social-cultural beliefs
and perverted mind sets. The traditional belief of some Nigerians is that the places of female children
are in their husband houses, while the male children are given access to education. For instance, the
below average living families prefer educating the male children with their little resources and with the
hope of promoting the family names when they are successful after schooling. While they allow the
female children to either hawk, produce babies, prostitution and so on. The 7 number of out of school
girls is increasing tremendously both in Nort-east and North-west of Nigeria. According to United
Nations Human Development Report (2008 — 2009) which is also corroborated by Afri-Development
Information (2013), eight states in Northern Nigeria have the county’s worst female children education
and health indices. The recent score card by a group of non-governmental researchers revealed that
Kebbi, Sokoto, Bauchi, Jigawa, Yobe, Zamfara, Katsina, and Gombe states have Nigeria’s worst female
children education, highest female illiteracy, highest adolescent girl marriage, highest under 15years
child bearing and highest risk of maternal death.Ebonyi in the South-east of Nigeria is at number 10th
state with the highest percentage of female children out of school. The abduction of female students of
Chibok and Dapchi in the North-eastern part of Nigeria further worsen the situation and obviously
contributed to out of school female children saga, because investigation conducted shows that most of
the remaining female children in the above named secondary school were scared of pursing their
education after the incident, some parents also were afraid of losing their daughters if allow them go
back to school. Therefore, it has now become a disturbing and embarrassing situation to government
and concerned individuals; this situation has been so poor world-wide that the 4th UN Conference on
women Beijing, 1995, had “Girl-Child Education” as one critical area of concern. According to
American Association of University Women (AAUW)(2011), women tend to be overwhelmingly
clustered in low wage, low skill fields (they constitute 98 percent of students in the cosmetology
industry, 87 percent in the child care industry and 86 percent in the health aide Industry). In high wages,
high skill fields, they fall well below the 25 percent in the field commonly practiced by men (women
account for 10percent of students in the construction and repair industry, and 16 percent in engineering).
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According to Federico Mayor in Hoffmann-Barthes, Nair and Malpede (2006), in a world increasingly
shaped by science and technology, scientific and technological literacy is a universal requirement.
There’s need to improve women and girls’ literacy in science and technology related fields because of
the importance of their educational role in the family which make them a major determinant of the
behavior of present and future generations. The female inequality in TVET is reasonably greater when
compare to other fields of education, with the female children lagging behind the male children
opportunity, participation and performance. This conspicuous gender disparity demands females’
participation in Technical, Vocational Education and Training (TVET)

Factors Militating Against Female Participation

The factors militating against females (women and girls) participation in TVET related courses are
numerous and similar for both developed and developing countries. These factors range from cultural,
social, religion and institutional curricular related factors. For better understanding, some cultural and
social norms influence the choices of female students in studying TVET courses, such factors have been
identified as one major cause behind the lower proportion of women in STEM fields (UNESCO —
UNEVOC, 2010). These cultural and social norms had been observed as major determinant depriving
female genders opportunities to participate in TVET associated courses. These conventional
conceptions that adumbrate TVET courses as masculine or strenuous has greatly influence the
participation of female students. For instance, TVET courses such as metalwork, woodwork,
automobile to mention few are classified as strenuous and eventually become no go area for female
students in TVET studying institutions in Nigeria. In corroboration of this fact, since 2008, no female
students have ever been admitted for metalwork, woodwork, automobile technology at the researcher’s
place of work (Sikiru Adetona College of Education, Science and Technology, Omu-Ajose) formerly
known as (Tai Solarin College of Education, Omu-ljebu) in Ogun State.

This indicates that some TVET courses are perceived masculine or strenuous, therefore standing as
obstacle for female student’s enrolment, while other TVET courses such as electrical/electronic,
building technology etc. experience very low turnout of females’ enrolment yearly.

At secondary school level of education, science subjects that are a prerequisite of studying TVET related
courses in Nigerian tertiary institutions, but these science subject are perceived mentally and
psychologically strenuous at secondary schools where career choices start. Hence female students are
cleverly made to believe that they are not, physically, mentally and psychologically fit to study TVET
related courses. For instance, the higher rate of women pursuing professions such as teaching may be
due to perception that such professions allow more flexibility to balance family and work
responsibilities (World Bank, 2012).

This can also be linked with different ways in which boys and girls are treated in our society, girls are
expected to be more accomplished in linguistic and social skills boys are supposed to be better in
science, mathematics, mechanical and other problems solving tasks as pointed out by Minton &
Schneider in Nguyen (2000). This stereotyping should be discouraged by using successful women in
TVET courses as role model, for the female students and in return it will encourage more female
participation in TVET. Also, there is need for instructors and lecturers to encourage female students
during practical demonstration, because if they are supported and motivated they can bring different
dimensions, qualities and skills to technology and engineering, which in returns will contribute to
economic development and national growth.

Moreover, many cultures still believe in stereotyping conception that females are expected to take care
of home and immediate families. These social and cultural norms prevented women and girls from
engaging in productive skills jobs/trades, and when they do, they are expected to balance work and
home responsibilities. Millions of women who are heads of families need to continue working to support
themselves and dependents. Where families face poverty and deprivation, women’s earning often make
significant difference in well-being of children, and this is what TVET is advocating for Klevit and
Bach (1996) state that stereotype is powerful in serving as a screen to observations of reality. Whenever
a belief is confirmed in the behavior of any female member of the society, the belief is adjudicated but
when the behavior of a male member of a group is contrary to the belief, it is abolished people have
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been frustrated and confused because of the notion of men’s and women’s responsibilities of the past
are incompatible with the realities of contemporary living. The assumption that the world of work is a
man’s world, while home is women’s domain is losing credibility, because angry women with aspiration
have strongly condemned it by challenging men in various fields and raising their shoulders high.
Increasing numbers of women engaging in labor fields and it enables them to function both as home
maker and wage earner.

Religion is known to be moral teaching that helps in molding and shaping one conduct. Kelly, (1984)
viewed Islam as a force against women education; it discourages female gender from participating in
technical and vocational courses. According to STAN (1992), a good number of students surveyed
agreed that superstition and traditional beliefs prevent females from participating in technical and
vocational education professions by lowering their aspirations. Furthermore, the Boko Haram
insurgence operating in the Northern part of Nigeria cited Islam as the main reason for attacking and
abducting female students of Chibok and Dapchi towns, they carried out the satanic action to scare the
female students from receiving qualitative education. Some female students were later released after
Federal Government of Nigeria has paid ransom, and the released females were taken abroad for further
education.

Although it is a known fact that Islam is a religion of peace therefore no true Muslim will engage in
such an evil act like that of Boko Haram insurgence. The Boko Haram insurgence only used Islam as
cover up, but the fact still remains that some people use religion to prevent female students from
participating in TVET programmes. The recent attacked on students of technical school, Kankara also
confirmed the use of religion in preventing student’s participation in TVET related courses.

In conclusion, curricular is related to the subjects comprising a course of study in a school or college.
Some of these subjects are not friendly with female genders due to the difficult tasks involved. The
curricular is designed in such a way that it accommodates male student’s needs, hence overlooking the
needs of female students. Recent visit to Government, Science and Technical Colleges in Ogun State
clearly revealed the state of equipment, machines and tools. Also learning materials are far within the
reach of female students, and where available, they are not sufficient for the use of all students. It now
becomes survival of the fittest, and the fittest are always the male students. For instance, in India, girls
undertaking engineering disciplines admitted that they were slightly handicapped due to loss physical
strength when working in some of the laboratories and workshops (Nguyen, 2000). Therefore, there’s
need for curricula and learning material to undergo further rigorous review from a gender perspective
to ensure that they do not perpetuate gender stereotype.

Ways of Enhancing Females Participation in TVET

Females in the context of the study denote girls and women; females have less opportunity to Technical,
Vocational Education and Training. The major task of reducing gender gap in TVET is pegged on the
governments initiatives and support. Government at all levels in Nigeria should address the
institutionalizing of gender responsive action various sectors with focus on improving female
participation in TVET.

Therefore, it is imperative that steps should be taken to ensure full involvement of female students in
TVET as well as other related science courses. The promotion of such policy as noted by UNHDR
(2008 — 2009) among girls and women who form slightly more than the 50% of the potential labor force
will guarantee expended employment opportunities for the females. Also, the involvement of female
students in school and home maintenance work provides avenue for the development of technology,
which also serves as practical demonstration of the theoretical knowledge picked up in the classroom
situations, which will impact female participations in TVET positively. Teachers are major stakeholders
in TVET institutions, so they should be given adequate pre-and in-service training. In gender-responsive
teaching strategies so that female and male students can develop their full potential in TVET related
courses, most especially in higher levels of education where students look to their teachers as role
models as they begin to shape career perspectives and choices. Also, promoting more female role
models in TVET is another strategy that can be used to attract female students into TVET fields. The
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female students need value encouragement to join TVET fields and this will seem a lot more important
especially when it is from their peers, teaches, parents or employers.

Another important component of enhancing female’s participation in TVET is the introduction of career
talks and career counselling which should be branded gender-responsive career counselling for both
female and male students to have support and objective guidance as they begin to make career choice.
Non-availability of career talks in our schools is becoming worrisome, because the misconceptions that
TVET related courses are meant for drop outs or students with low academic intelligent quotient (1.Q).
This negative impression about TVET related courses discourage serious minded female students, but
when there’s frequent career counselling and talks for the female students. It will assist in erasing the
wrong concept from their minds and install courage that will enable them to enroll for TVET related
courses and stay on the course. Haven’t said all the above, without adequate financing of TVET
programs, whatever said above is effort in futility. Hence appropriate funding for equipment and
resources should be allocated in order to stimulate students interest in TVET related courses,
particularly among female students. Also, scholarship programs targeted at girls and women in TVET
should be implemented to increase opportunities for young girls to pursue further study in TVET.

Conclusion

This paper has succeeded in exposing the status of female participation in TVET related courses as
being low. This paper also pointed out factors militating against female participation in TVET, they
include bad government policy on education, stereotyping, negative attitude attributed to the field,
gender bias in the curriculum and failure by the system of education. It also procures ways for enhancing
female role models in teaching at higher level of education, adoption of gender-responsive teaching
strategies, reviewing of the curricula, introduction career talks and counselling for females, sufficient
funding of TVET programs and scholarship programs.

The gender-responsive interventions enable female and male students to pursue career in which they
can excel in TVET. Therefore, there is need to refocus on gender responsive strategies at all educational
levels. At secondary school level, teachers need to be responsive in the way they convey messages
relating to TVET courses, teachers need to be supportive and encourage female students in preparation
for studying TVET courses. Also, at tertiary level, engineering and technology curricula should be
designed to include humanities and be more female friendly, for example by inculcating programs that
will attract female students to TVET courses.

Finally, the need for education and advantages associated with being educated as woman are enormous,
so the government, the school system, the society and other stakeholders should join hands in
eliminating inequality in the recent treatment of female students in matters of Technical, Vocational
Education and Training.

Recommendations
This paper recommends the following ways of enhancing females participation in TVET related
courses: -

1. Implementation of public orientation campaign to encourage parents, teachers and the public at
large towards female education in TVET in particular.
2. Practicing women engineers and women that have embraced career in TVET should be attached

to young scholars for role modelling and mentorship, and to educate young girls on the
prospects of career development in TVET and other science related courses which resulted into
gender stereotyping is baseless.

3. There should be comprehensive training and retaining of teacher in gender-responsive teaching
strategies so that female gender can develop their full potential in TVET related courses.

4. All barbaric cultural, religious and socio-based institutional practices which are anti-female
should be legislated against and decisions reached be fully implemented.

5. Adequate funding by government and other stakeholders in education and technological
development should be carried out to ensure effective running of female in TVET programmes.

6. Government should as a matter of urgency convoke a conference of stakeholders in education

and women leaders to address the conspicuous gap existing between males and females.
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7. Female students seeking admission bro study TVET related courses should be given
preferential treatment during admission.
8. State and Federal Government should introduce scholarship policies for female students in

TVET tertiary institutions so as to encourage more female participation in TVET programmes.
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SUB-THEME: STEM AND SUSTAINABLE DEVELOPMENT
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Abstract

This study investigated the relevance of Chemistry Education for Entrepreneurship skills acquisition.
A descriptive survey was used. The population was the 300 Chemistry teachers in 261 state-owned
secondary schools in the three Education zones of Niger State. All the 300 Chemistry Education
Teachers were used for the study since the population was considered not large enough for sampling.
Three research questions and one hypothesis guided the study. Data was collected using a 26-items
guestionnaire developed by researchers. A reliability of 0.84 was established for the instrument using
Cronbach Alpha techniques. Mean was used to answer research question and t-test statistic was used
to test the hypothesis at P<0.05. Results showed among others, that Chemistry curriculum is relevant
for entrepreneurship skills acquisition and innovative teaching strategies foster entrepreneurship skills
acquisition. Based on the findings, recommendations were made among which were the entrepreneurial
skills of Chemistry education curriculum should be vigorously emphasized to make recipients self-
reliant and saleable in the society and that teachers should use teaching strategies that foster
entrepreneurship skills instead of relying so much on lecture method.

Introduction

The National Policy on Education (NPE) (2014) recognizes education as Instrument per excellence for
individual and national development. In Nigeria as it is in world over, education is an inalienable right
of every child. Through education, every child is expected to acquire desirable and functional
knowledge, develop appropriate skills both intellectual and physical as well as positive attitude and
values necessary to live successfully and become a useful member of the society. The over-all purpose
of basic education is to produce a literate society in which the individual can apply their literacy in
terms of knowledge, skills and values to enhance their survival. Technology plays a fundamental role
in wealth creation, improvement of the quality of life, real economic growth and transformation of the
society. Technology is the primary engine of economic growth and provides the keys to unlocking the
country’s potentials (Egbogba, 2014). Where this engine for development and economic growth fails,
it always results in serious social, economic and developmental problems. These problems amongst
others include poverty, unemployment and underdevelopment.

In Nigeria, the growing problem of unemployment in the country has contributed largely to worsening
problem of poverty among the populace. Nigeria is one of the African countries faced with economic
and political problems (Nwachukwu, 2012). These problems have given rise to the depreciation of naira,
high rate of unemployment, crime, poverty, hunger and frustration. Olaitan (2013), stated that
unemployment leads to frustration and disillusionment which may result in crimes or drug abuse in a
futile attempt to escape from and forget the pains and humiliation of poverty and lack. The problem of
unemployment has worsened as millions of school leavers and graduate of tertiary institutions have not
secured gainful employment over the years. Many able-bodied persons who could not secured gainful
employment have remained economically dependent on their parents. This is because they lack the
necessary occupational skills to be self-employed and to effectively function in today’s world of work
(Ogunkunle, 2013). This present situation has occasioned increase awareness in Nigeria of the need for
self-employed and self-release, which call for entrepreneurship education. These occupational skills
can be provided through Chemistry education.

Chemistry is an investigation science subject which deal with the procedures and processes of making
thing which could serve as a medium through which the science students and youths who could not
further their education after senior secondary school can be gainfully employed according to (Okori
2013). Chemistry education is that aspect of education that involves the acquisition of knowledge of
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science for the improvement of man’s surrounding. This includes dealing with manpower training in
professional areas such as engineering, business home economics etc. These skills involve practical
works and applications that lead to particular occupation. Entrepreneurship means setting and running
a business in a profitable and sustainable manner (Nwafor, 2012). The Federal Republic of Nigeria
recognized the immense role of the development of entrepreneur skills in her secondary level products
when it states that there should be Science and Technological skills for economic development (FRN,
2014). Entrepreneurial skills consist of effective utilization of ideas, information and facts that help the
learners develop competencies, services or being productive employees of organization (Olibie &
Obiduke, 2013).

Consequently, entrepreneurship education is a planned process leading to the acquisition of
entrepreneurship skills for effective living. According to Nnamani (2012), entrepreneurship education
is an instrument that empowers youths to be in control of the future. It creates job and business. The
youths have more opportunities to exercise creative freedom, higher self-esteem and overall greater
sense of control over their own lives. Considering these importance of entrepreneurship education, it
becomes eminent that the inculcation of entrepreneurial skills of our youths should highly emphasized
especially through the Chemistry education curriculum. Curriculum is the organized knowledge which
the society presents to the learners in other to achieve pre-determined goals of education (Etuk et al.,
2012).

Curriculum becomes relevant if it addresses currents and anticipated needs, problems and aspiration of
the learner and society. Curriculum which is in use in Nigeria for science and learning has built-in
strategies where learners are required to be involved in practical and related activities that will lead to
development of science process skills. Science process skills involves ability to identify a problem,
raise questions about, seek for information, analyze them and make inference logically.

NPE (2014), stated that the objective of Chemistry curriculum among others are to enable the learners
to:

@ Observe and explore the chemical environment

2 Apply the skills and knowledge gained through the Chemistry to solve day-to-day problems.
3 Manipulate simple apparatus for purpose of use, and

4) Improve simple equipment from available junk in the chemic environment.

Offorma (2010), sees the curriculum as a document, plan or blueprint for instructional guide for
teaching and learning to bring about positive and describe learners behavioral change. The curriculum
describes the teaching, learning materials and assessment strategies available for a given subject/course
of study. The curriculum schemata have placed a lot of burdens on the pedagogical demands of the
teacher. This is why Ugwuda (2012) suggested that Chemistry education needs trained teachers’ skills
to tackle the problem of unavailability of teaching material in schools. It is on this note the Ugwu et al
(2011) suggested that Chemistry education needs trained teachers’ skills to tackle the problem of
unavailability of teaching materials in schools. It is on this note the Ugwu et al (2011) suggested that
Chemistry education curriculum implementers (teachers) should look at the prevailing circumstances
at the schools and attempt to predict achievement goals and formulate curricular/lessons objectives.
The Chemistry education graduates should be able to undertake;

i. Food and water quality control skills.

ii. Instructional material production e.g models and chart as improvisation.

iii. Soaps and detergent production.

iv. Acid production for changing batteries.
\2 Production of dyes coloring and paints etc.
Vi On Commercial scale for self-reliance and employment.

Research Questions

To guide the study, the following research questions were asked.

1. To what extent is the Chemistry education curriculum relevant in entrepreneurship skills
acquisition.
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2. What are the teaching strategies required of Chemistry education curriculum for
entrepreneurship skills acquisition?

3. What constraints militate against Chemistry education students’ entrepreneurship skills
acquisition?

Hypotheses

The hypothesis was formulated and tested at 0.05 level of significance.

Hol: There is no significant difference between the mean responses of male and female Chemistry
education teachers on the relevance of Chemistry education curriculum in entrepreneurship skills
acquisition.

Method

A descriptive survey research design was adopted for the study. The study was carried out in Niger
State of Nigeria. There are three educational zone in Niger State. The schools used were spread across
the three education zone of the state. The population of the study comprised all Senior secondary schools
Chemistry teachers from the 261 secondary school in the state. The researcher did not involve any
sampling or sampling technique since the number of Chemistry teachers was not large. The instrument
for data collection was a 26-item questionnaire titled Relevance of Chemistry Education Curriculum on
Entrepreneurship Skills Acquisition (RCEDCESA) developed by the researchers. The instrument was
validated by two Chemistry educators and one specialist in measurement and evaluation from Federal
Colleges of Education, Kontagora.

The corrections made by these specialists were noted and used to improve the quality of the final
instruction. The instrument was trial-tested on 30 Chemistry teachers that were not involved in the main
study. The result was used to determine the reliability of the instrument using Cronbach Alpha
techniques. A reliability index of 0.84 was established. Face to face method of administration was used
to ensure a hundred percent (100%) returns of the questionnaire. The research questions were answered
using mean while t-test was used in testing the null hypothesis.

A modified four-point Likert Scale was used which was weighed as followed. Strongly Agree (SA) =
4; Agree (A) = 3; Disagree (D) = 2; Strongly Disagree (SD) = 1. A mean value of 2.50 was obtained by
adding all the points on the scale and dividing the value by 4. All items of mean of 2.50 and above were
accepted as positive response (Agreed) and those below 2.50 as negative responses (Disagree).

Results
Data analysis were presented in table according to research questions and hypothesis.

Table 1: Mean Rating of Chemistry Education Teachers on the Relevance of Chemistry
Education Curriculum for Entrepreneurship Skills Acquisition

S/No Questionnaire Items Male Female Decision
Mean Mean
1. Chemistry education curriculum provides enough skills for  3.35 3.01 Agreed
identifying production areas.
2. Its links with other science subjects avail the learner an easy 3.40 2.95 Agreed

approach to economic problems.

3. Contents development are learner centered and oriented to  3.01 3.10 Agreed
real life situation.

4, Identifying the production techniques of different Chemistry 3.01 3.10 Agreed
education enterprises.

5. Providing and sourcing raw materials necessary in 3.46 3.01 Agreed
production.

6. Provide skills for marketing of produce. 2.97 2.86 Agreed

7. For identification and analysis of problems such as food and 3.43 3.14 Agreed
soap uncertainty.

8. Provide collaborative skills in joining corporate societies like  3.43 3.14 Agreed

producer and consumer corporate.
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For training students for reward keeping such as inventory 2.95
production, sales, purchase and profit and loss account.

For team and organizational skills.

Provide adequate skills for saving and financial investment.

Require learning materials from the learners culture.

Computer-Aided Instruction suggested, assists learners

development of critical thinking.

3.07
2.77
2.67
3.10

2.89

3.13
2.95
2.77
3.15

Agreed

Agreed
Agreed
Agreed
Agreed

In the table 1 above, respondents agreed that all the factors outlined for a relevant curriculum are
applicable to Chemistry Education curriculum for entrepreneurship skill acquisition. The had mean
score above the criterion mean 2.5.

Table 2: Mean Rating of Teachers on Teaching Strategies Required in Chemistry Education

Curriculum for Entrepreneurship Skills Acquisition

S/No Questionnaire Items Male Female Decision
Mean Mean
14, Use of constructionist-based teaching strategy. 3.22 3.08 Agreed
15. Use of conventional talk/chalk board/lecture 1.86 1.83 Disagreed
method.

16. Use of problem-based learning. 2.96 3.00 Agreed
17. Use of Computer-Aided Instruction strategies. 3.56 3.25 Agreed
18. Use of field trip. 3.03 2.92 Agreed

Data in Table 2 revealed that the mean ratings of the items from the respondents were above 2.50 except
item 15, thus were accepted as relevant teaching strategies for entrepreneurship skills acquisition
Chemistry education.

Table 3: Mean Response on the Constraints that Militate Students Entrepreneurship Skills

Acquisition in Chemistry Education

S/No Questionnaire Items Male Female Decision
Mean Mean

19. Non availability of effective and 3.40 3.15 Agreed
functional ~ workshop  for  the
construction of the works.

20. Lack of material needed for the 3.01 2.95 Agreed
construction of works.

21. Lack of co-operation among students 2.95 3.15 Agreed
when it involves group works.

22. Students’ unwillingness to learn the 2.04 2.16 Disagreed
skill involved.

23. Poor knowledge of skills involved in  3.20 2.87 Agreed
construction of the works

24, Students poor knowledge background 3.01 3.05 Agreed
in Chemistry.

25. Insufficient time allocated for the 2.85 291 Agreed
accumulation of skills required.

26. Inadequate provision of textbooks for 2.71 3.07 Agreed.

referencing.

In Table 3, the respondents agreed with all the items as constraints except item 22 that is student
unwillingness to learn the skills involved.
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Table 4: T-test in the Mean Responses of Male and Female Chemistry Teachers on the Relevance
of Chemistry Education Curriculum for Entrepreneurship Skills Acquisition

Group N df X SD t-value P-value  P<0.05
Male 120 262 0.75
298 0.534 1.98 Not
Significant
Female 180 324 0.73

Table 4 shows that the t-value was 0.534 and p-value was 1.98 (t-value < P-value). Hence, the
hypothesis of no significant difference was retained.

Discussion

The findings of this study showed that factors/qualities in Table 1 had mean scores above 2.5. these is
in agreement with Etuk et al. (2012) that said it becomes eminent that the inculcation of entrepreneurial
skills of our youths should be highly emphasized especially through science education curriculum. In
Table 2, the study revealed innovative teaching strategies for entrepreneurship skill acquisition of
Chemistry education. The result showed that these strategies with mean 2.5, which when applied would
empower Chemistry students in entrepreneurship skill acquisition.

Furthermore, this study revealed the constraints that militate against teachers’ entrepreneurship skill
acquisition in Chemistry education. These findings are in line with Ugwu et al (2011) that suggested
that Chemistry education curriculum implementers (teachers) should look at the prevailing
circumstances at the school and attempt to predict achievement goal and formulate curricular/lesion
objectives. This means selection and in-depth study of less contents area that are important to
individuals and the society. The result also revealed that gender has not significant effects on the
responses of the subject on the relevance of the Chemistry education curriculum in entrepreneurship
skills acquisition.

Conclusion
A relevant curriculum endows its learners with appropriate entrepreneurship skill acquisition that will
enable them in achieving socio-economic and industrial development. Entrepreneurship skill
acquisition in Nigeria would entail focusing on what should be done to bridge the gap between the
school and industry where the learner will work on graduation, so as to be self-reliant and saleable in
the society.

Recommendations
The following recommendations are made based on the findings of the study.
1. Entrepreneurial skills in Chemistry education curriculum should be vigorously emphasized to
make recipients self-reliant and saleable in the society.
2. Teacher should use teaching strategies that foster entrepreneurship skills acquisition instead of
relying so much on lecture method.
3. Government should adequately fund Chemistry education in area of provision of facilities and
materials for entrepreneurial skill acquisition.
4. All the stakeholders should be out to motivate students in the entrepreneurship skills acquisition
that will make them employers rather than employees of labor.
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Abstract

This study examined the effects of the Concrete-Representational-Abstract (C-R-A) Sequence strategy
on students’ achievement in Mathematics. 2 X 2 pre-test, post-test, control group, quasi-experimental
design was adopted for this study. Eighty (80) Senior Secondary School two (SSS2) students from two
schools in Ogun State were involved in the study. Purposive sampling Technique was used to select two
secondary schools among the schools in Odogbolu Local Government of Ogun-State while the Simple
Random Sampling Technique was used to select the 40 students into the experimental group and 40 students
into the control group respectively. The instrument used for data collection is Mathematics Achievement
Test (MAT). The reliability of MAT was 0.82 using test-retest reliability method. The data collected
were analyzed using descriptive statistics (Mean and Standard Deviation) and Analysis of Covariance
(ANCOVA). The findings showed that there exists significant difference in the post-test mean
achievement scores of the students exposed to CRA sequence strategy (F (1, 75) = 6.588 and p < 0.05).
Also, the result revealed that there is no significant difference between the achievement scores of male
and female students exposed to the strategies (C-R-A-Sequence and Conventional Method) in
mathematics. No significant interaction effect of strategy and gender on the students’ achievement
Mathematics. The study concluded that Concrete-Representational-Abstract sequence strategy was
effective because every student participated in one activity or the other which enhances their
achievement in mathematics. The study recommended that the teachers should be discouraged from
using teacher-centered instructional strategies but student-centered instructional strategy such as
CRA-sequence.

Keywords: Achievement, Concrete-Representational- Abstract Sequence, Gender, Students.

Introduction

The use of Mathematics in everyday activities cannot be underestimated. Mathematics is regarded as
the science of numbers, operations, generalization, interrelation, combination and abstraction, space
configuration and their structure measurement, transformations and generalizations (Trusty & Watts,
2016). Mathematics is further described by Trusty & Watts (2016) as the queen and the servant of all
school subjects since it crosses all academic disciplines. In the history of education, mathematics holds
its leading position amongst all other school subjects because it has been considered as an indispensable
tool in the formation of the educated man (Adedayo, 2011). Mathematics is an important subject that
requires a credit pass to further learning in higher institutions. Mathematical skill is required in daily
activities, regardless of educational background and social status of an individual. The benefit of
Mathematics is not only limited to knowledge in computation but more importantly, it makes thinking
more rational and critical Obiefuna, 2014)

Despite the importance of mathematics, the Chief Examiner Report of West African Examination
Council revealed that students used to perform woefully in the subject. Also, most candidates find it
difficult to solve correctly most of the mathematical problems (WAEC Chief Examiner Report, 2020).
To remediate these weaknesses, the Chief Examiner suggested that concepts in mathematics should be
well explained and demonstrated to the candidates using concrete objects during the teaching and
learning process. Various factors, related to students, teachers and school, have been identified as
possible causes of poor performance of students in mathematics. Studies have shown that some
students’ personality variables like attitudes, study habit, interest, anxiety, gender, cognitive style, self-
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concept and achievement-motivation exerts great influence on students’ achievement in Mathematics
(Etukudo & Nnaobi, 2015; Achor, 2013; Ifamuyiwa & Kehinde, 2013). Furthermore, over the past
years, researchers have identified a number of teacher factors such as; teachers’ methods of teaching
(Donaly, Deborah & Kim, 2010), teacher personality attributes (Oyewole, 2018) and teaching skills
(Alebiosu, 2013), that are highly related to learning outcomes in Mathematics. Similarly, Adedayo
(2011), the observed that failure of the learners in mathematics at Senior Secondary School has been
narrowed to the inability of the teachers to make use of appropriate teaching methods.

Flores & Hinton (2014) observed that most of the conventional methods of teaching might be ineffective
in teaching and learning of Mathematics. Furthermore, lack of motivation in the part of the students,
little or no room for students’ participation, lack of students-teacher interaction, lack of active
participation by the students, discouragement of weak students is some of the drawback of the
conventional methods of teaching mathematics. In order to determine the effects of students’ centered
teaching method on their achievement in mathematics, this study used the Concrete-Representational-
Abstract (CRA) Sequence teaching techniques to teach mathematics in the selected secondary schools.

CRA sequence is a three-stage teaching method that involves students manipulating concrete materials,
learning about graphical representations of those manipulations, and then using abstract notation to
solve problems (Witzel, 2014). This sequence of instruction has been used to teach problem-solving in
integers (Maccini & Ruhl (2012), Algebra transformation equations (Witzel, Mercer, & Miller (2013),
and solving linear algebraic functions (Witzel, 2014). Teaching students through CRA has been shown
to be beneficial to secondary school students with learning difficulties (Witzel, 2014).

CRA sequence plays an important role in concretizing the abstract nature of mathematics thereby,
motivating the learners to actively participate in the learning and teaching process. More broadly, CRA
sequence plays an important role in bridging vacuum created using inappropriate methods of teaching
thereby aiding students” mathematical concept. According to Tripathi (2016), making use of CRA
Sequence for teaching of mathematics is a good method that eases students’ understanding of
mathematics. Concrete —Representational-Abstract strategy is capable of concretizing the abstract
nature of mathematics thereby enhancing students’ performance.

The existence of gender imbalance in Mathematics is bothering the researchers, mathematicians and
educators in Nigeria and outside the country. This is so because researchers have not been able to agree
on the gender perform better in Mathematics. Allsopp (2012) observed that male students outperformed
female students in mathematics, according to Ezugo and Agwagah (2000), but female students
outperformed their male counterparts, according to Forgasz, Leder & Vale (2017). In his study,
Etukodo (2012) found no discernible difference between male and female students' performance in
mathematics. Which gender excels more than the other in mathematics is still a subject of debate among
researchers. The use of the Concrete-Representational-Abstract sequence was therefore used to
examined if gender disparity in student achievement in mathematics can be established.

Objectives of the study

The objectives of this study include:

Q) To ascertain how the Concrete-Representational-Abstract (CRA) Sequence affected students'
achievement in mathematics.

(i) To examine the effects of gender on students’ achievement when CRA sequence is used as a
strategy.

(ili)  To establish the interaction effects of the strategies and gender on students’ achievement when
CRA sequence is used as strategy.

Statement of the Problem

The students’ incessant poor performance in external examination is posting a threat to their educational
development. Reports by WAEC’s Chief Examiner (2015-2021) indicated that students have continued
to perform below expectation in mathematics in secondary schools. This poor performance is attributed
to a number of factors according to literature, these factors include the abstract nature of Algebra, failure
to use appropriate teaching method by the teaches that are teaching mathematics, learners’
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misconception about using letters and symbols to represent variables in mathematics. To remediate
these weaknesses, the WAEC Chief Examiner reports suggested that mathematical concepts should be
well explained and demonstrated to the students using concrete objects to enable them to understand
the abstract nature of mathematics. Therefore, in this study, the researchers used Concrete-
Representational-Abstract (CRA) sequence strategy in teaching of mathematics in order to concretize
the abstract nature of mathematics so as make the teaching and learning of mathematics simple and
attractive to the learners.

Research Questions

Q) What is the mean achievement scores of mathematics students in the experimental and the
control group?

(i) What is the mean achievement scores of male and female students in the experimental and
control group?

Statement of the Hypothesis

The following hypotheses were generated and are tested at 0.05 level of significance.

(1 There is no significant difference in the achievement scores of students subjected to the two
levels of instructional strategies (Concrete-Representational-Abstract (CRA) Sequence and
Conventional method in mathematics.

(i) There is no significant difference in the mean achievement scores of students in mathematics
based on gender.

(iii) There is no significant interaction effects of the strategies and gender on students’ achievement
in mathematics.

Research Design

This study adopted a pretest, posttest, quasi-experimental control group design. Intact class were
subjected to different treatment conditions. The moderating and independent variables were crossed in
2x2 factorial matrix. The groups consisted of two treatment groups (Concrete-Representational-
Abstract (C-R-A) Sequence) and a Conventional Method of Chalk-talk method of teaching as a control
group. Two gender group was made up of male and female.

Target Population
All the Students in Ogun State, Nigeria's secondary schools (SSS2), made up the population of this study.

Sample and sampling Techniques

The sample of this study consisted of 80 respondents selected from two secondary schools. Purposive
sampling Technique was used to select two secondary schools among the schools on Odogbolu Local
Government of Ogun-State while Simple Random Sampling Technique was used to select the 40
respondents into the experimental group and 40 students into the control group respectively.

Instruments

The instrument for data collection is Mathematics Achievement Test (MAT). This instrument is a 40-
items with four options per item. MAT was designed by the researcher. The instrument measures the
students’ achievement in Mathematics. The Mathematics Achievement Test (MAT) covers the area of
knowledge, comprehension and application levels. A specification table was drawn to guide the
development of the items. MAT was used for pretest, posttest. MAT measured students’ entry behavior
before the exposure to the treatment, their level of achievement after the treatment in mathematics. The
total scores obtained were taken as the measure of students’ achievement in mathematics. The reliability
of MAT was 0.82 using test-retest reliability method.

Data were analysed using inferential statistics of Analysis of Covariate (ANCOVA).
Results

Research question One: What is the mean achievement score of the mathematics students in the
experimental and the control strategies?
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Table 1: Mean achievement score and standard deviation of the students that were subjected to
experimental and control strategies.

Groups Pre-Test Post-test Mean
Gain
N 40 40
Concept-Representational Abstract Mean 14.88 18.88 4.00
(CRA) Sequence S.D 4.837 5.254
Max 28 31
Min 4 11
N 40 40
Conventional Mean 13.60 15.38 1.78
S.D 5.022 3.854
Max 23 22
Min 3 7

The mean achievement score for students in mathematics who used the Concrete-Representational-
Abstract (CRA) Sequence and the conventional mode of instruction was shown in Table 1. Students in
the CRA-Sequence group had post-mean achievement scores of 18.88 and 5.254 standard deviations.
The post-mean achievement score and standard deviation for the students who received conventional
instruction were 15.38 and 3.854, respectively. Results in Table 1 further revealed that the Mean
achievement gains occurred across the two groups (CRA-Sequence and CM). The group exposed to the
CRA-Sequence strategy with achievement gain of (4.00) while the group that were subjected to control
group had the least mean achievement gain of 1.78.

Research question Two: What was the mean achievement score for both male and female students in
the experimental and control?

Table 2: Mean achievement score and standard deviation of male and female students that were
subjected to experimental and control strategies.

Groups Sex Pre- Post- Mean
Test test Gain
N 20 20

Mean 13.70 18.10 4.40
S.D 5401 5.077

Concept-Representational ~ Abstract (CRA) Male Max 28 29
Sequence Min 5 11
N 20 20

Mean 15.05 19.65
S.D 5.511 5.441 4.60

Max 25 31
Female Min 4 13
N 40 40
Total
N 20 20

Male Mean 12.85 15.20 2.35
S.D 4.043 4.175

Max 21 21
Min 4 7

Female N 20 20

Control Mean 14.35 15.55 1.20

S.D 5.851 3.605
Max 23 22
Min 3 7

Total N 40 40
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The mean and standard deviation of achievement scores of male and female students who were
subjected to the CRA-sequence and conventional method were shown in Table 2. The post mean for
the CRA-sequence group for male students was 18.10, with a standard deviation of 5.077, while the
post achievement score for female students was 19.65, with a standard deviation of 5.441. In the
conventional group, the post mean for male students was 15.20 with a standard deviation of 4.175,
while the post mean for female students was 15.55 with a standard deviation of 3.605. The highest post-
mean achievement gains for female students who were exposed to the CRA-Sequence method was 4.60
while the smallest post-mean achievement gain of 1.20 was achieved by female students in the
Conventional group.

Hypothesis One: There is no significant difference in the achievement score of the students subjected
to the two levels of instructional strategies (Concrete-Representational-Abstract (CRA) Sequence and
Conventional method in mathematics.

Table 3: Summary of the Analysis of Covariance of students’ achievement in Mathematics
according to the strategies and gender.

Source Type I Sum of | Df Mean F Sig.
Squares Square

Corrected Model 1004.9712 4 251.243 12.147 .000

Intercept 605.912 1 605.912 29.295 .000

pre_test2 566.876 1 566.876 27.408 .000

Strategy 136.255 1 136.255 6.588 012

Gender 109.674 1 109.674 2.303 245

Strategy * Gender 29.204 1 29.204 1.412 .238

Error 1551.229 75 20.683

Total 72886.000 80

Corrected Total 2556.200 79

a. R Squared =.393 (Adjusted R Squared = .361)

The main effects of the method (CRA-Sequence and Conventional) on the students' achievement in
mathematics were shown by the results in Table 3. The results of the data were significant (F (1, 75) =
6.588 and p < 0.05). This suggests that the post-mean achievement scores of the students who are
exposed to the two levels of the instructional methodologies significantly differ from each another.
Hence the null hypothesis that there is no significant difference in the achievement score of the students
subjected to these strategies is therefore rejected. It was concluded that the achievement scores of the
students exposed to the two levels of instructional strategies—the Concrete-Representational-Abstract
(CRA) Sequence and Conventional method are significantly different from each another.

Hypothesis Two: There is no significant difference in the achievement score of the student in
mathematics based on gender.

The main effects of gender on the achievement of the students in mathematics is showed in Table 3,
which indicates that there is no statistically significant difference between students' gender and their
achievement in mathematics (F (1, 75) = 2.303 and p < 0.05). This shows that there is no significant
difference between the posttest mean achievement score of male and female students. As a result, the
null hypothesis, which states that there is no significant difference between male and female students'
achievement scores in mathematics is therefore accepted, and we draw the conclusion that there is no
significant difference between male and female students' achievement scores in mathematics when
CRA sequence is used.

Hypothesis Three: There is no significant interaction effects of the strategies and gender on students’
achievement in mathematics.

The results of the two-way interaction between the strategies and the genders of the students are
presented in Table 3, which shows no statistically significant interaction between the method and the
gender on the students' achievement in mathematics (F (2, 75) = 1.412 and p <0.05). According to this
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finding, there is no significant differences between male and female students’ posttest mean
achievement in the two levels of strategies in mathematics. It is concluded that there are no significant
interaction effects of the strategy and gender on students' achievement in mathematics when CRA
sequence is used.

Discussion of findings

The result of this findings indicated that the students that participated in the Concrete-Representational-
Abstract (CRA) Sequence outperformed the Conventional Group by a wide margin. This demonstrates
the effectiveness of CRA in encouraging and supporting student achievement in mathematics. This
finding is consistent with previous research (Maccini & Hughes, 2010; Maccini and Ruhl (2012);
Tripathi (2018); Witzel et al (2013)) that the effects of the CRA instructional sequence resulted in
mathematical gains in mathematics. Concrete-Representational-Abstract Problem-Solving made used
of student-centered learning approaches where the students worked together in groups in a meaningful
medium with little guidance from the teacher during the teaching and learning process. Additionally,
during the teaching and learning process, students in the experimental groups collaborated to interpret
mathematical concepts and synthesize these notions into new mathematical values. The strategy helped
the learners comprehend mathematics conceptually and equipped them with the skills needed to solve
mathematical problems. A student who has a deep comprehension of a concept is able to use the idea
or concepts in question to handle new and unfamiliar situations (Gagnon & Maccini, 2016). This is in
sharp contrast to the conventional teaching methods as observed, where the lessons were teacher-
centered and the students learnt abstract mathematical concepts with no evidence of incorporation of
group learning or the integration of meaningful authentic real-life problems.

The finding of the study indicates that there is no statistically significant difference between students'
gender and their achievement in mathematics. This demonstrates that there is no statistically significant
difference between the post-mean achievement scores of the male and female students who were
exposed to the two levels of the teaching technique. The fact that both sexes perceive themselves as
equal and capable of collaboration and competition in the classroom activities may not be unrelated to
the equal performance of male and female students. Additionally, because both genders received the
same instruction using the same methodology, they were able to achieve and reach the same levels of
learning. The finding that there is no gender difference in students’ achievement in mathematics
consistent with Olagunju's (2001) finding that there is no main effect of achievement of boys and girls
in mathematics. This finding is also in support of Abonyi and Umeh (2014) that achievement of learning
is not affected by gender but by the degree of original learning, time at which achievement is measured.
This non-significant difference is at variance with research by Adeleke (2017) who found that when
male and female respondents were placed in the same group to learn mathematics using conceptual and
procedural learning strategies, female students' achievement rates were higher.

Results of this study also showed that there is no significant interaction effect of strategy and gender on
students’ achievement in mathematics. This finding suggests that there is no significant difference
between the student's posttest achievement in mathematics across the two levels of the treatments
applied, regardless of the student's level of gender. This suggests that the teaching method—the
Concrete-Representational-Abstract Sequence is appropriate for both teaching male and female
students, and that gender has less to do with students' mathematics achievement than orientation does.
This result is in line with the observation of Paden and Dereskiwsky (2017) in their study that
achievement rate in mathematics is independent of student gender and the instructional modality
adopted by teachers. This result supports Oghonna's (2010) finding that both genders will do better and
equally well in mathematics with the use of an effective teaching strategy.

Conclusion and Recommendation

In this study, the effects of Concrete-Representational-Abstract Sequence on students' achievement in
mathematics was investigated. The instructional strategy that was employed in this study emphasized
the participation and active intellectual involvement of students. This learner-centered, activity-based
strategy enhanced students’ outcomes better than the Conventional Method. According to the results,
the CRA-sequence technique improved students' performance in mathematics. It was then
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recommended that the teachers should be discouraged from using teacher-centered instructional
strategies but student-centered instructional strategies such as Concrete-Representational-Abstract and
other methods that will aid high level of teaching and learning of mathematics. Also, Concrete-
Representational-Abstract strategy should be incorporated into the learning and teaching of
Mathematics in Secondary Schools.
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Abstract

The paper examined the perception of mathematics teachers on the use of Heuristic Strategy in teaching
mathematical concepts to ensure quality education in Kontagora Local Government Area of Niger
State. The objective of the study is to find out the mathematics teachers’ awareness of Heuristic
Strategy, its usage and differences in the perception of mathematics teachers in the public and private
schools, and the gender difference perception. The researcher employed the use of descriptive design
to carry out the research. Mean and Standard Deviation were used to answer the research questions.
The t-test was used to test the hypothesis. The result shows that the proper use of Heuristic Strategy
gives room for effective teaching and good academic performance of students

Introduction

Mathematics has all through the years been an important subject both in the role it plays in our everyday
activities and its usefulness in other sciences. Mathematics as a subject is applicable to all fields of
human endeavors (Jimoh, 2019). The role of Mathematics in the achievement of scientific technological
development of any nation cannot be overemphasized. Mathematics is a core subject in both primary
and secondary schools in Nigeria because it forms the basic foundation of not only higher Mathematics
but also for all sciences and technology. According to Ajayi etal., (2011), mathematics is the foundation
and queen of all sciences and apart from being a science of quantities, structures, space, change and
also academic discipline it is also the cornerstone in every field of education. It is well known that any
laudable achievement in technological development will be hampered if the potential scientists,
technologists and engineers are not fast with sound knowledge of mathematics, which is the back bone
of technology. One of the objectives of secondary education under the National Policy on Education is
to equip the students with the skills to live effectively in a modern age of science and technology.
Jesutoki (2019) sees mathematics as a school subject that is taught solely for the purpose of developing
the learners’ habit of effective critical thinking, reflection on oneself, environmental/societal issues,
competence in the basic skill and organizing one’s experience for possible solution to problems.

Active learning in mathematics encompasses the use of different instructional strategies that promote
student’s engagement and active participation in constructing knowledge and understanding of a
particular mathematics concept. This strategy may take the form of hands-on activities, problem-
solving, task critical thinking.

Heuristic method is an approach for finding a solution to a problem. The term originates from the
ancient Greek word “eurisko” meaning to ‘find’, ‘search’ or ‘discover’ (Ofori-kusi, 2017). It is about
using a practical method that does not necessarily need to be perfect. Abonyi and Umeh (2014) observed
heuristic in mathematics as a general way of solving problems and is particularly used to come to a
solution that is hoped to be close to the best possible solution of a mathematical problem. This means
that heuristic strategy does not solve problems but rather provides a way of looking at problems different
ways to find new insight. Heuristics teaching method is one of the important teaching method that can
be utilized in teaching and learning problem solving in mathematics. The use of heuristics strategy will
be effective if it is well used by the teacher, practiced freely by the learners to solve mathematics
problems (Fasasi, 2015).

Heuristic method has its strength and weakness, merits and demerits. The merits of heuristic strategy
include:

It helps to achieve cognitive, effective and psychomotor objectives, meaning, it helps in the overall
development of a child.
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It helps to put students into a situation to learn by self-experience. It develops self-confidence and
reliance in the learners.

It helps in developing a scientific attitude and creativity in the learners.

The teacher encourages the learners to explore the environment in search of the solution to the problems.
By doing so, some new knowledge is discovered by them.

The teacher is always ready to provide individual guidance regarding the solution to the problem. Thus,
the interaction between the teacher and the learners take place in a cooperative environment.

Although the strategy has its strength, some of its weakness includes;
Since it needs to be applied after critical thinking and excellent teaching methodology, it cannot be
taught at primary level.

At higher school level, this methodology is applicable. But some of the students are below average and
more likely cannot understand this. Thus, this method is frustrating to them.

Most students lack confidence and cannot ask directly to the teacher. However it becomes difficult to
seek guidance for this method then, so they cannot understand it and fail.

It required highly qualified expert to be taught.
Itis a long term method: thus it is challenging to cover the syllabus in time.

For beginners’ learners of primary level, this methodology is not suitable: thus, it fails to satisfy the
teaching-learning process.

Having identified the importance of mathematics in the development of a nation, the problem of
students’ poor performance in mathematics still remain noticeable. Heuristic strategy have being
identified as a teaching strategy that can improve students’ performance in mathematics. The study
therefore will examine the effectiveness of the strategy on the teaching of mathematics concepts in
secondary schools, the level of awareness and usage of heuristic strategy by mathematics teachers in
Kontagora Local Government Area of Niger State.

Statement of the Problem.

Many researchers have identified different causes responsible for students’ poor performance in
mathematics at different levels, however teaching strategy/method is one important factor identified.
Teaching methods has impact in the improvement of the performances of students in learning of
mathematics concepts. Although, various methods/strategies are used in teaching mathematics
concepts, the question remains whether the strategy have improved students understanding,
comprehension and retaining mathematical concepts learned?

Therefore, this study tends to examine the mathematics teachers’ perception in Kontagora Local
Government Area of Niger State on the effectiveness and usage of Heuristic strategy.

Objectives of the Study.

The objectives of this study is to find out:

The perception of mathematics teachers at secondary school’s level on the effectiveness and usage of
heuristic strategy in teaching mathematics.

The extent of mathematics teachers’ awareness on heuristic strategy.

The extent to which heuristic strategy is used by mathematics teachers in solving mathematical
problems.

The differences in the perception of mathematics teachers based on gender on effectiveness of heuristic
strategy.
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The differences in the perception of mathematics teachers in public and private schools on heuristic
strategy.

Research Questions.
The following research questions are raised for the study:

° What are the perceptions of mathematics teachers at secondary school level on the effectiveness
of heuristic strategy in teaching mathematics?

o To what extent is mathematics teachers aware of heuristic strategy in the secondary schools?

. To what extent is heuristic strategy used by mathematics teachers in solving mathematical
problems?

o What is the differences in the perception of mathematics teachers based on gender in effective
use of Heuristic strategy?

° What is the difference in the perception of mathematics teachers on heuristic strategy in public

and private schools?

Research Hypotheses
HO;: There is no significant difference on the perception and awareness of male and female
mathematics teachers in secondary

HO,: There is no significant difference in the perception and usage of Heuristic strategy among
mathematics teachers in private and public secondary schools.

HO5: There is no significant difference in the perception and usage of Heuristic strategy between the
experienced and highly experienced mathematics teachers.

Research Methodology
Research Design
The research design that was adopted in this study was descriptive survey.

Population of the Study

The target population of the study consists of all secondary school mathematics teachers in Kontagora
Local Government Area of Niger State. The total population are 48 mathematics teachers which
comprises 31 males and 17 females, twenty-three (23) of these teachers teaches in private schools while
the rest twenty-five (25) teaches in public schools

Sample and Sampling Technique

The sample of the study consists of five (5) government secondary schools and five (5) private
secondary schools were randomly selected from all the secondary schools in Kontagora Local
Government Area of Niger State.

Instrument

The items of the questionnaire were divided into three (3) sections. Section A comprises personal data
of the respondents in terms of sex, qualification, school of teaching, year of teaching experience. Section
B contains twenty (20) structured statements covering mathematics teachers’ perceptions on Heuristic
strategy, its awareness, its usage and importance to problem solving in mathematics.

Result Presentation
Table 1: Demographic Data of Respondents (N=24)

Variables Frequency Percentage (%)
Gender

Male 17 70..8

Female 5 20.8

Total 24 100
Teaching School 12 50

Public School 12 50
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Private School 24 100
Total
Highest Qualification
NCE 3 12.5
B.Sc/B.Sc(ed) 16 66.6
Masters’ degree 4 16.6
Ph.D
Total 24 100

Source: Author’s Field Survey, 2023.

Table 2: Mean rating of Mathematics Teachers regarding Heuristic Strategy in Teaching
Mathematics Concepts in Kontagora Local Government Area of Niger state.

S/IN ITEMS DESCRIPTION SD x  Decision

1 Heuristic strategy is a familiar method of teaching to me 0.685 3.12 Accepted

2 Heuristic strategy is a very effective strategy in teaching 0.658 3.33 Accepted

3 Heuristic strategy is a discovery strategy 0.652 3.48 Accepted

4 Heuristic strategy is a demonstration strategy 0.676 3.00 Accepted

5 Heuristic strategy is widely used by most mathematics teachers in  1.024 2.33 Rejected
teaching.

6 I use always Heuristic strategy in teaching mathematics concepts. 1.093 2.57 Accepted

7 All mathematics teachers use heuristic strategy in teaching. 0.800 2.46 Rejected

8 All mathematics teachers use heuristic strategy in teaching. 0.995 2.33 Rejected

9 Mathematics concepts cannot be effectively taught without heuristic 0.973 2.75 Accepted
strategy

10 Tdon’t have any knowledge of Heuristics strategy 0.945 1.95 Rejected

11  Heuristics strategy is not appropriate for teaching in secondary 0.976 2.00 Rejected
schools.

12 1 use heuristics strategy when teaching abstract concepts only. 0.865 2.57 Accepted

13 | prefer heuristics strategy to other teaching methods 1.189 2.65 Accepted

14  Heuristics strategy should not be adopted for teaching at any level of 1.865 1.73 Rejected
teaching

15  Heuristics strategy is too expensive for a low paid teacher to adopt 1.165 2.86 Accepted
for teaching.

16  Heuristics strategy can only be adopted for use in public school 1.049 2.35 Rejected
because it will be fund by the government.

17  Heuristics strategy can only be adopted for use in private schools 1.077 2.26 Rejected
because they want to maintain standard

18  Heuristic strategy is not female gender friendly. 1.360 2.35 Rejected

19  Only highly experienced teachers can use heuristic strategy. 0.950 2.91 Accepted

20  Heuristic strategy is more of teacher centred 1.140 2.74 Accepted

21  Heuristic strategy make most students unserious 0.899 2.04 Rejected

Total Mean Weight Average/Cluster Mean 1.002 2.56 Accepted

Source: Author’s field survey, 2023

Research Question One (1): What are the perceptions of mathematics teachers at secondary school
level on the effectiveness of heuristic strategy in teaching Mathematics?

Table 3: Mean rating of Mathematics Teachers’ Perception on the Effectiveness of Heuristic
Strategy in Teaching Mathematics in Kontagora Local Government Area of Niger state.

S/IN ITEMS DESCRIPTION SD x  Decision
2 Heuristic strategy is a very effective strategy in teaching 0.658 3.33 Accepted
3 Heuristic strategy is a discovery strategy 0.676 3.48 Accepted
4 Heuristic strategy is a demonstration strategy 1.024 3.00 Accepted
9 Mathematics concepts cannot be effectively taught without heuristic  0.973 2.75 Accepted

strategy

180 |Page



9% Hybrid International Conference of School of Science and Technology Education (SSTE)

11  Heuristics strategy is not appropriate for teaching in secondary 0.976 2.00 Rejected

schools.
13 | prefer heuristics strategy to other teaching methods 1.189 2.65 Accepted
14 Heuristics strategy should not be adopted for teaching at any level of 0.865 1.73 Rejected
teaching

15  Heuristics strategy is too expensive for a low paid teacher to adopt 1.165 2.86 Accepted
for teaching.

16  Heuristics strategy can only be adopted for use in public school 1.049 2.35 Rejected
because it will be fund by the government.

17  Heuristics strategy can only be adopted for use in private schools 1.077 2.26 Rejected
because they want to maintain standard

18  Heuristic strategy is not female gender friendly. 1.136 2.35 Rejected
19  Only highly experienced teachers can use heuristic strategy. 0.950 2.91 Accepted
20  Heuristic strategy is more of teacher centred 1.140 2.74 Accepted
21  Heuristic strategy make most students unserious 0.899 2.04 Rejected
Total Mean Weight Average/Cluster Mean 0.984 2.60 Accepted

Source: Author’s field survey, 2023

Data presented in table 3 above showed that the mean rating for items 2, 3, 4, 9, 11, 13, 14, 15, 16, 17,
18, 19, 20 and 21 are 3.33, 3.48, 3.00, 2.75, 2.00, 2.65, 1.73, 2.86, 2.35, 2.26, 2.35, 2.91, 2.74 and 2.04
respectively. The results of the analysis showed that items 2, 3, 4, 9, 13, 15, 19 and 20 were rated above
the cut-off point of 2.5 and thus accepted while items 11, 14, 17, 18 and 21 were rated below it and
rejected. Moreover, the cluster mean of 2.60 was found to be above the cut-off point of 2.5. This implies
that the respondents (Mathematics Teachers) are affirmative to the Effectiveness of Heuristic Strategy
in the Teaching of Mathematics Concepts in Kontagora Local Government area of Niger state.

Research Question 2: To what extent is mathematics teachers aware of heuristic strategy in the
secondary schools?

Table 4: Mean rating of Mathematics Teachers’ Awareness of Heuristic Strategy in Teaching
Mathematics Secondary Schools of Kontagora Local Government Area of Niger state.

S/IN ITEMS DESCRIPTION SD x  Decision
1 Heuristic strategy is a familiar method of teaching to me 0.685 3.12 Accepted
2 Heuristic strategy is a very effective strategy in teaching 0.658 3.33 Accepted
3 Heuristic strategy is a discovery strategy 0.676 3.48 Accepted
4 Heuristic strategy is a demonstration strategy 1.024 3.00 Accepted
9 Mathematics concepts cannot be effectively taught without heuristic 0.973 2.75 Accepted
strategy
10 Tdon’t have any knowledge of Heuristics strategy 0.945 1.95 Rejected
Total Mean Weight Average/Cluster Mean 0.827 2.93 Accepted

Source: Author’s field survey, 2023.

Data presented in table 4 above showed that the mean rating for items 1, 2, 3, 4, 7, 9 and 10 are 3.12,
3.33, 3.48, 3.00, 2.46, 275 and 1.95 respectively. The results of the analysis showed that items 1, 2, 3,
4 and 9 were rated above the cut-off point of 2.5 and thus accepted while item 10 was rated below it
and rejected. Moreover, the cluster mean of 2.93 was found to be above the cut-off point of 2.5. This
implies that the respondents (Mathematics Teachers) were affirmative to the Awareness of Heuristic
Strategy in the Teaching of Mathematics Concepts in Kontagora Local Government area of Niger state.

Research Question 3: To what extent is Heuristic strategy used by mathematics teachers in solving
mathematical problems?
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Table S: Mean rating of Heuristic strategy’s usage among Mathematics Teachers in solving
mathematical problems.
S/N  Items description SD X Decision
5 Heuristic strategy is widely used by most mathematics 1.093 2.33  Rejected
teachers in teaching.

6 | use always Heuristic strategy in teaching mathematics 0.978 2.57  Accepted
concepts.

7 All mathematics teachers use heuristic strategy in 0.800 2.46  Rejected
teaching.

8 All mathematics teachers use heuristic strategy in 0.995 2.33  Rejected

teaching.
13 | prefer heuristics strategy to other teaching methods 1.189 2.65 Accepted
Total Mean Weight Average/Cluster Mean 2.47  Accepted

Source: Author’s field survey, 2023.

Data presented in table 5 above showed that the mean rating for items 5, 6, 7, 8 and 13 are 2.33, 2.57,
2.46, 2.33 and 2.65 respectively. The results of the analysis showed that items 6 and 13 were rated
above the cut-off point of 2.5 and thus accepted while items 5, 7, and 8 were rated below it and rejected.
Moreover, the cluster mean of 2.47 was found to be below the cut-off point of 2.5. This implies that the
respondents (Mathematics Teachers) were not affirmative to the usage of Heuristic Strategy in solving
mathematical problems.

Hypotheses Testing
HO:: There is no significant difference on the perception and awareness of Male and Female
Mathematics Teachers in Senior Secondary Schools.

Table 6: t-test mean analysis of perception and awareness of Male and Female Senior Secondary
School Mathematics Teachers.

Gender N Mean Sd Df t-cal t-crit Decision
Male 17 2.55 0.89
Female 5 272 1.05 22 0.6365 2.069 NS

Table 6, revealed that t-calculated is less than t-critical. This implies that the Null Hypothesis | (Ho1) at
P<0.05 that stated there is no significant difference on the perception and awareness of Male and Female
Mathematics Teachers in Senior Secondary Schools was accepted. However, the mean perception of
female mathematics teachers of 2.72 was found to be greater than the male mean perception of 2.55.

HO,: There is no significant difference in the perception and usage of Heuristic Strategy among
Mathematics Teachers in Private and Public Senior Secondary Schools.

Table 7: t-test mean analysis of perception and usage of Heuristic Strategy among Mathematics
Teachers in Private and Public Senior Secondary Schools.

Variable N Mean | SD Df t-cal ot Decision
'Ilj'l;:(lzlr?ers School | 10 | 2501 | 1.0269
Private School 23 0.2521 | 2.064 NS
14 | 2.604 0.9281
Teachers

In table 7, t-calculated of 0.2521 is less than t-critical of 2.064. Since t-cal > t-crit. Hence, Hypothesis
Il (Ho2) that states no significant difference in the perception and usage of Heuristic Strategy among
mathematics teachers in private and public senior secondary schools was accepted. However, the mean
perception of private school mathematics teachers of 2.604 was found to be greater than the mean of
mathematics teachers in public schools’ perception of 2.501.

Discussion of Findings
From the results obtained in prior sub-headings, the respondents being teachers and majorly males (17)
in number; while females were (5), the majority (16) were BSc holders. For the research question one
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(1) which state thus: “what are the perceptions of mathematics teachers at secondary school level on
the effectiveness of Heuristic strategy in teaching mathematics’? it was discovered that the respondents
were affirmative in their perception towards the effectiveness of Heuristic strategy in Teaching
Mathematics in Kontagora local government area of Niger state. This result is in agreement with the
finding of Zhao (2012) who emphasized that Heuristic strategy/method of teaching yields a desirable
outcome in the rate of knowledge acquired by students.

More so, as regards to the research question two (2) which states thus: “to what extent is Mathematics
Teachers aware of Heuristic strategy in secondary schools’? the results obtained in table 4 above, it was
discovered Mathematics Teachers are adequately aware of Heuristic strategy while teaching in their
respective secondary schools. Furthermore, the research question three (3) which states that: “to what
extent is Heuristic strategy used by Mathematics Teachers in solving mathematical problems?” got it’s
answer from the fact obtained as presented in table 5 above, where it was observed that Mathematics
Teachers were not affirmative to the usage of Heuristic strategy in solving mathematical problems in
secondary schools. This finding is in line with the postulation of Gauhar, et. al. (2019) who buttressed
that there is a rising usage of Heuristic strategy in the teaching and learning process across borders.

In addition to the aforementioned, the research hypothesis 1 (Hoi) which states that: there is no
significant difference on the perception and awareness of Male and Female Mathematics teachers in
Senior Secondary School was accepted based on the results obtained in table 6. This result tallied with
findings of Lawspet (2008) who revealed that teachers (both male and female) are adequately aware of
Heuristic strategy and its importance to effective teaching and learning in various institutions.

Furthermore, the research hypothesis 2 (Hoz) which states that: there is no significant difference on the
perception and usage of Heuristic strategy among Mathematics Teachers in Private and Public Senior
Secondary Schools was accepted based on the results obtained in table 7. This result tallied with findings
of Gauhar, et. al. (2019) who revealed that Heuristic strategy is used by teachers in both private and
public-established schools of learning (without boundary).

Conclusion
From the findings of the study, it is possible to make the followings conclusions
- There are affirmative effectiveness and awareness of heuristic strategy in teachings of
mathematics concepts
- There were no affirmative to the wage of heuristic strategy in solving mathematical problems
- There is no significant different in the perception of heuristic strategy mathematics the male
and female mathematics teachers and those in public and privates’ schools

Recommendation
Based on the findings of the study and their educational implications, the followings recommendations
were made
- Trainings programs. seminar and workshop should be organized for mathematics teachers on
the awareness and usage heuristic strategy
- Mathematics teacher teaching in secondary schools should be committed to the use of heuristic
strategy to help the students make discoveries that will enhance their proper knowledge of
mathematics concepts and formula
- School owners/ management should be enabling environment for the use of heuristic strategy
in teaching mathematics concepts.
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