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Abstract
In the realm of fourth-generation industrialization, there will be great demand for a 
skilled workforce To produce a skilled workforce, we need sustainable education 
with quality and equity. Conventional ways of delivering and managing education 
would not fulfil the demands of the fourth industrial revolution (4IR). Disruptive 
technologies, such as Internet of Things (IoT), have great potential in revolutionizing 
the current educational setup. Therefore, this paper explores the potential of 
integrating the Internet of Things (IoT) in the education sector to promote science 
and technology-based learning for sustainable national development. By leveraging 
IoT devices and technologies, educational institutions can provide interactive and 
personalized learning experiences, enable remote learning opportunities, create 
smart campuses, facilitate hands-on experiments, enhance data analysis and 
visualization, promote collaboration and project-based learning, and prepare 
students for future careers in science and technology. The paper emphasizes the role 
of IoT in driving sustainable national development by empowering students with the 
skills and knowledge required to address complex challenges and contribute to 
innovation in science and technology fields and also made some suggestions.

Keywords: Internet of Things, Education, Science and Technology National 
Security, sustainable development

Introduction
The rapid advancements in IoT have provided an opportunity to revolutionize the 
education sector. By incorporating IoT devices and technologies in classrooms, 
educational institutions can enhance the learning experience for students, promote 
engagement and critical thinking, and prepare them for future careers. (Johnson & 
Smith, 2019). The world we live in has changed dramatically in the previous decade 
as a result of technology advancements and digitization. Abrupt advances in wireless 
technologies and digital devices have ushered in a technological revolution all 
around us. The fourth industrial revolution,(2017) in this scenario, is bringing 
automation to every aspect of life, including schooling. It is critical to consider d has 
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inclusive, equitable, and high-quality education at this stage of development. The 
digital divide is widening in the sense that the developed part of the world has more 
resources than the developing world. The only thing which can narrow the gap is 
sustainable quality education, provided equally to the masses. We must consider how 
technological advancements can assist in upbringing the world's underprivileged 
population. To keep the pace with technological advancements and the digital 
revolution, we have to embark new ways of educational systems. The initiation of 
education and workforce policies which develop superior talent is one of the five 
policies identified by the World Economic Forum (2017). One way of narrowing the 
bridge between developed and developing countries is to reform educational settings 
by harnessing new technologies to uplift educational systems, therefore providing 
quality education for sustainable development. Educators can use advanced 
technologies not only for educational system development but also for developing a 
skilled workforce for future digital economies. (Benita, Virupaksha, & Wilhelm, 
(2021) IoT, as one of the disruptive technologies, can play a vital role in enhancing 
quality of learning experiences and the performance of the learners, supporting 
teachers' daily work, school building management, school transport systems, and 
distanced learning provision. The Internet of Things has the potential to provide 
sustainable quality education and provide solutions for the everyday challenges 
which education providers and managers face. The Internet of Things can enable 
equitable, quality education and can play a role in sustainability. Data-driven smart 
systems will be the cornerstone of the fourth industrial revolution. According to 
(Georgescu,& Popescu,2015),  IoT is the key driving technology for the data-driven 
smart systems in future. However, there will be challenges related to IoT 
applications. We showcase how IoT can be applied in educational contexts from 
school manager's, teacher's, and a learner's perspectives, to create a sustainable smart 
school and society for sustainable national development.

The Review of Some Related Literature are Discussed Below
Internet of Things
Internet of Things (IoT) can be described as a comprehensive network framework 
that consist of numerous connected real world things, which depend on sensory, 
communication, networking and information processing technologies (Li, Xu,, 
Wang,& Wang, (2012). The center technology for IoT is RFID which stands for 
Radio-Frequency Identification it is a technology used in the internet of things (IoT) 
to identify and track objects or individuals using radio waves by allowing microchips 
to transfer identifying data to the reader via wireless medium. Through RFID, objects 
connected can be analyzed, traced and monitored with RFID tags,( Liqiang, Shouyi, 
Leibo, Zhen & Shaojun, (2011). Wireless Sensor Networks (WSNs) and their 
fundamental technology, mainly works on intelligent sensors for sensing and 
monitoring. The Internet of Things (IoT) is an evolving network of things that 
communicate between themselves and other internet enabled devices over the 
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internet, it remotely monitors and controls the physical world (Velumani,2014). 
Internet of things (IoT) refers to an intelligent network of connected objects for the 
purpose of communication, actuation, data aggregation and information processing 
(Ndubuaku, 2015).

The integration of IoT in education has gained significant attention in recent years 
due to its potential to transform the learning experience and contribute to sustainable 
national development. Several studies have explored the various applications and 
benefits of IoT in promoting science and technology-based learning in the education 
sector. Johnson & Smith (2019) discussed the role of IoT in transforming education 
and highlight the opportunities and challenges associated with its implementation. 
They emphasize that IoT devices and technologies can enhance student engagement, 
provide personalized learning experiences, and enable real-time data analysis. 
However, issues such as data privacy and security concerns need to be addressed for 
successful integration. Chen and Jin (2020) conducted a systematic review to 
explore the transformative potential of IoT technologies in education. They found 
that IoT devices, such as sensors and wearable's, can enable hands-on experiments, 
data collection, and analysis, promoting deeper understanding of scientific concepts. 
The review also highlighted the importance of teacher training and infrastructure 
development for successful implementation. (Ahubele,& Ugbari  (2017). focused on 
the use of IoT in higher education classrooms. They found that IoT devices can 
enhance student engagement and collaboration, enable personalized learning, and 
provide real-time feedback. The review emphasized the need for collaborative 
partnerships between educational institutions, technology providers, and 
policymakers to ensure successful implementation. (Atzori, Iera, Morabito,& Nitti, 
(2012).  conducted a comprehensive survey on the use of IoT in education. Their 
study highlighted the benefits of IoT in promoting active learning, critical thinking, 
and problem-solving skills in science and technology subjects. The survey also 
identified challenges such as the high costs of IoT devices and the need for teacher 
training to effectively integrate IoT in the classroom. Overall, the literature review 
indicates that IoT has the potential to revolutionize science and technology-based 
learning in the education sector. It can enhance student engagement, promote hands-
on learning experiences, enable real-time data analysis, and foster critical thinking 
and problem-solving skills. However, there are challenges that need to be addressed, 
including privacy and security concerns, infrastructure requirements, and teacher 
training.

Science and Technology and Sustainable National Development
Science is a branch of knowledge that is concerned with the observation and 
classification of facts and formulation of general truth. Science suggests ideas and 
technology operationalizes them. Science clarifies and justifies how an objective 
may be achieved. The "how" is translated into practical realization and from here, 
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technology takes over and complements science (Williams, 1998). This therefore 
shows that there is a symbolic relationship between science and technology. Science 
which is a systematic search for truth provides the basis for technology. Without 
technology, science becomes impotent, and without science, technology does not 
exist. However, it is the technology, the application of techniques and not science that 
leads to increase in production. In the past, science and technology constituted 
distinct traditions, maintaining separate identity paths of process and activities. But 
around the 19th century, there was a development of closer relationship between the 
two. The narrowing of that gap of separate identities culminated in the birth of the 
concept of science and technology which will help enable the nation to identify 
potential threats, share information more readily. Nwanegbo and Odigbo, (2013) 
describes sustainable development as a construct, which envisions development as 
meeting the needs of a present generation without compromising the needs of a 
future generation. It implies that while development meets the needs of the present, it 
does not compromise the ability of a future generation in order to meet their own 
needs. Scholars have identified strong links between security and sustainable 
development since the cold war ended.

Ayodele, (2007), broadly defined sustainable development as the ability of the 
economy to support the needs of the people of a country over a time, taking into 
consideration the economic, social and ecological constraints of the country. 
(Uwabueze & Ozionko (2011) Sustainable development leads to fulfilment of 
societal ideas considered relevant to the needs and aspirations of the society. Science 
and technology have been central in the progress and development of virtually all the 
nations of the world. It has contributed immensely in all sector of the economy. 
Science and technology are intimately connected with development because; they 
have historical record of bringing advances that have led to healthier, longer, 
wealthier and more productive lives and they are key ingredients to solutions to the 
most serious poverty alleviation and economic development challenges that we 
currently face and are likely to face in the future. The many ways in which science 
and technology impact poverty alleviation across various sectors and economic 
growth merit attention

Applications of IoT in Education
Some of the many applications of IoT in education include:
1. Tracking Devices: It's important to monitor your students' whereabouts to 

avoid risks. Since there could be a large number of students, you can't 
possibly monitor each one of them separately by manual means. It's where 
you can leverage IoT solutions for education. Tracking systems such as smart 
ID cards, school bus trackers, attendance trackers, parking sensors, etc. Can 
help you there.
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2. Smart Boards and Textbooks: Interactive digital media such as smart 
whiteboards, AR, VR, etc. Help educators make learning engaging and 
immersive. Using these systems will also help you collect and analyze data in 
the classroom or outside at any time you want. By analyzing this data, they 
can understand the gaps in their educational process and find ways to 
improve the learning process as well as results. They can even personalize 
learning using this data. Similarly, digital notebooks enable students to 
access a large library of content easily which can frequently be updated to suit 
present needs. This allows students and parents to save money and is an eco-
friendly alternative too.

3. Security Systems: Maintaining security in your institutional premises is 
undoubtedly necessary. Although you could keep security personnel, digital 
security systems are still necessary to be safe from advanced threats. IoT-
enabled security systems such as wireless door locks face recognition 
devices, surveillance cameras, etc. Will help you provide enhanced security 
not only for your students but also teachers and staff.

4. Research and Study Programs: Institutions can leverage automated and 
advanced IoT systems in their research and study programs dedicated to 
fields such as engineering, medicine, etc. It will not only provide the students 
the opportunity to learn the concepts with advanced technologies but also 
empower the instructors. They can also utilize the power of AI and ML to 
connect databases, gain insights, and analyze researched data to accelerate 
innovation.

5. Accommodating with Disability: IoT can be helpful for students with certain 
disabilities such as difficulty in seeing or hearing. For example, hearing-
impaired students can use connected gloves with a tablet for translating sign 
language into speech and turning sound into text. Similarly, students with 
difficulty in seeing can utilize IoT devices for education like a smart stick, a 
headset, and a mobile app to identify objects and walk home safely.

Benefits IoT Brings in Education
Some of the many benefits of IoT in education include:
1. Increase Management Efficiency: It requires a lot of effort and paperwork to 

manage the processes of an educational institution. You will need to properly 
distribute funds, track supply management, maintain student records and 
their academic progress, and so on. The use of IoT in education enables 
institutions to perform management tasks faster and risk-free by looking at 
organized data and taking insights from it to shape decisions. It helps keep 
everyone in the loop from students and parents, to the school management, 
staff, and teachers.
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2. Improved Accessibility: Today, education is not confined to the walls of an 
institution. Instead, anyone from any part of the world can connect and seek 
education from anywhere. IoT is basically a system that connects devices and 
physical objects to the internet so that users can accomplish their tasks. This 
global nature of IoT-enabled systems allows educators to deliver education to 
anyone and improve their teaching standards. Educators can connect with 
each other to shape their tips and tricks. Meanwhile, the course accessibility 
becomes easier and faster for students. They can also connect with other 
students and learn in groups, all virtually.

3. Enhanced Safety: Educational institutions need security for their students 
and staff as well as their infrastructure and systems. Manual ways are usually 
not enough in this advanced age since attackers have become smarter. Using 
the internet of things in education in the form of systems such as tracking 
devices, video monitoring tools, vape sensors, surveillance cameras, and 
other smart systems will help you keep track of every activity 24/7 and secure 
your students, staff, and infrastructure. This provides a sense of safety not 
only to students and teachers but the parents, promoting a safe learning 
environment for all.

Impart of IoT in Education in Promoting Sustainable National Development
The Internet of Things (IoT) has the potential to revolutionize the education sector by 
promoting science and technology-based learning for sustainable national 
development. The integration of IoT in promoting science and technology-based 
learning in the education sector has the potential to drive sustainable national 
development. By empowering students with practical skills, critical thinking 
abilities, and access to cutting-edge technologies, IoT can pave the way for a future 
workforce that is well-equipped to tackle complex challenges and drive innovation 
in science and technology.
 Here are some ways in which IoT can be used in education:
1. Interactive and Personalized Learning: IoT devices such as smart boards, 
tablets, and wearable's can enable interactive and personalized learning experiences. 
Students can access real-time data, collaborate with their peers, and receive 
personalized feedback, allowing them to have a hands-on approach to science and 
technology subjects.
2. Remote Learning: IoT can enable remote learning opportunities, especially 

in underserved areas. IoT devices can be used to create virtual classrooms, 
allowing students to access educational resources, lectures, and experiments 
from anywhere. This promotes inclusive and sustainable education for all, 
regardless of geographical location.

3. Hands-On Experiments: IoT devices can enable students to conduct hands-
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on experiments in various scientific fields. For example, they can use IoT-enabled 
sensors and tools to collect real-time data during experiments, analyze it, and 
draw conclusions. This promotes critical thinking, problem-solving skills, 
and a deeper understanding of scientific concepts.

4. Data Analysis and Visualization: IoT can provide students with access to 
large amounts of data that can be analyzed and visualized in real-time. This 
allows them to identify patterns, make data-driven decisions, and develop 
skills in data science and analytics; Science and technology-based learning 
can thus be more engaging and practical.

5. Collaboration and Project-Based Learning: IoT devices can facilitate 
collaboration among students, enabling them to work on projects and solve 
real-world problems together. This promotes teamwork, creativity, and 
innovation, which are essential for sustainable national development.

6. Career Readiness: The use of IoT in education can better prepare students for 
careers in science, technology, engineering, and mathematics (STEM) fields. 
By gaining hands-on experience with IoT devices and technologies, students 
can develop the skills and knowledge required for the jobs of the future, 
contributing to the growth of the nation's technology sector.

Challenges facing Implementation of IoT in Nigeria
Despite the many benefits of IoT in education, there are certain challenges too that 
the management and officials, school owners individuals and government must 
understand and put in efforts to overcome them. So, if you are implementing IoT in 
your institutions, you may have to face these challenges.
1. High Costs: Implementing IoT in an educational institution involves high 

costs toward systems, devices, software, hardware, and power to run them. 
Whether it's deploying them for the first time on your premises or 
maintaining them periodically, it will require expert hands, which again is 
costly. You may have to hire a skilled professional or tech team trained in data 
science and management, installation and maintenance, software 
development, security professionals, and so on. This becomes a big 
challenge for small-sized institutions and public-funded schools to install.

2. Data Security and Privacy: Data security and privacy are common but 
serious concerns for organizations. IoT devices collect and process huge 
volumes of data, which can lure in cyber threats such as data stealing, 
phishing stacks, man-in-the-middle attacks, ransom ware, and so on. So, if 
you don't use advanced, necessary technologies to keep your data private and 
secure, it can become disastrous for your institution in terms of money, fame, 
and student and parent trust in your institution.
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3. Data Storage Issues: IoT involves a large amount of data collected which 
must be stored and organized properly. But many a time, institutions rely on 
on-premises storage systems that are not adequate and outdated too. It not 
only makes data unstable but also risky to get exposed or lost in an attack or 
natural disaster.

Conclusion
IoT has the potential to revolutionize the education sector by promoting science and 
technology-based learning. By integrating IoT devices and technologies, 
educational institutions can enhance the learning experience, promote engagement, 
and prepare students for future careers. The use of IoT in education contributes to 
sustainable national development by enabling innovation, fostering critical thinking 
skills, and ensuring students are well-equipped to address complex challenges in 
science and technology.

Suggestions
1. The government and Organizations should develop new and improved ways 

to make IoT-enabled systems more affordable and easier to implement. So, 
that institutions, private school owners and individuals will be able to afford 
it.

2. Security policies and technologies should be put in place to secure data from 
attackers. You must also spread awareness about the same among staff and 
students so they never fall prey to scams. Also, if children are involved, it's 
essential to secure collected data and ensure the stakeholders' privacy. 
Educational institutions and parents must get assurance from the IoT service 
provider regarding the systems they will be using and understand effectively 
apply security and privacy measures.

3. Internet-connected systems and cloud-based storage systems, should be used 
so you can store a massive amount of data. You can also keep multiple copies 
at multiple places to ensure your data is safe even if one facility is down.
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