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Abstract: Ensuring access to quality education and career training is a crucial challenge,
especially in developing nations. Vocational, scientific, technological, and engineering
education are essential for active participation in any community and play a significant role in
shaping life perspectives. The ability to sustain competitiveness depends on receiving high-
quality vocational, scientific, technological, or engineering education and professional growth.
These factors are vital for the long-term growth of prosperous economies and nation-building.
Hence, this perspective review attempts to provide information on some contemporary
pedagogies in science, technology, engineering, and mathematics (STEM) and science,
technology, engineering, arts, and mathematics (STEAM) vis-avis scientific and engineering
education in Nigeria. The study zooms into the challenges and possible solutions that will
promote and enhance pedagogies in scientific and engineering education in Nigeria. The study
adopted a perspective review approach in overviewing prior accessible studies (literatures) as
well as a methodological framework. It is believed that this perspective review study will serve
as a way forward for other developing nations.

Keywords: developing nations; pedagogy; scientific and engineering education; STEM and
STEAM education; technology

1. Introduction

The significance of science, technology, engineering, and mathematics (STEM)
education in the development of any society cannot be overstated. According to
Gutierrez-Bucheli et al. (2022); Ndunagu et al. (2023); and Ukhurebor, Efanodor-
Obeten, et al. (2024), STEM education is crucial for fostering creativity and
developing innovative solutions necessary for sustainable development in higher
education. The primary goal of STEM education is to approach real-life problems with
an interpretative mindset, utilizing technology to promote critical thinking and
problem-solving skills. This educational approach empowers learners to become
researchers, encourages collaboration, transforms mindsets, and contributes to
building a stronger society (Amadasun et al., 2024; Hussaini et al., 2023; Ndunagu et
al., 2023; Sinan, Nwoacha, et al., 2024; United Nations, 2022). Education in STEM is
generally technologically driven in advanced countries, and the number of STEM
graduates continue to grow in these developed countries as opposed to developing
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countries. These differences have further reduced the economic development gap
between developed and developing countries. The low STEM skill output affects
science, technology, and innovations, and this arguably leads to inequitable
implementation of STEM education in Nigeria, especially the engineering aspects.
Hence, there is a need to adopt some contemporary approaches to engineering
pedagogy in Nigeria. According to Love and Hughe (2022), developing the content
knowledge and pedagogical skills of pre-service educators is essential to delivering
high-quality STEM education. In engineering education, one of the most urgently
needed study fields has been identified as pedagogical content knowledge (PCK).
There is, however, a paucity of studies on PCK in engineering education settings. Thus,
Love and Hughe (2022) in their study looked into whether certain courses for teacher
preparation and unofficial learning opportunities affected the engineering curriculum
and methods that high school teachers taught. According to the “International
Technology and Engineering Educators Association (ITEEA, 2020), "high-level
professional development is required if teachers of engineering are to effectively
integrate methods and information from all STEM disciplines as required by national
science, technology, and engineering standards documents (ITEEA, 2020).
Multidisciplinary preparation experiences can help teachers of engineering teach
science and engineering materials and processes more effectively (Love and Wells,
2018; Love and Hughe, 2022). Consequently, Love and Hughe (2022) suggested that
there is a need to particularly draw attention to the wide range of perspectives that
should be taken into account when training teachers to teach engineering concepts
integrated into STEM curricula that span several disciplines. In addition, researchers,
teacher educators, school districts, administrators, and educators can benefit from the
formal and informal experiences that were found to be strongly associated with greater
levels of teaching engineering materials and practices. To this end, this perspective
review highlights some of the contemporary approaches to engineering pedagogy vis-
avis STEM and science, technology, engineering, arts, and mathematics (STEAM)
from a Nigerian scientific and engineering education perspective. The challenges and
possible solutions that will promote and enhance pedagogies in engineering education
in Nigeria will be highlighted.

2. Overview of STEAM education

STEAM education is a method of teaching that guides students’ inquiry,
discussion, and critical thinking by using these subjects as entry points. STEAM
education seeks to pique children’s curiosity and cultivate a lifetime love of the arts
and sciences from an early age. All of the STEAM fields—science, technology,
engineering, math, and the arts—involve creative processes and don’t rely solely on
one approach to research and analysis. It is crucial to teach kids current, in-demand
skills that will enable students to develop into innovators in an international
environment that continues to evolve, both for the student’s future and for the benefit
of the nation (STEAM Club, 2021).

Students who acquire STEAM education are far more inclined to take thoughtful
risks, participate in experiential learning, persevere in addressing problems, value
teamwork, and go through the stages of creativity. These are the 21st-century leaders,
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innovators, teachers, and students. This multidisciplinary approach is transforming
cooking in developing nations and improving air quality in the process. It has also
contributed to the creation of products such as the iPhone and the original laptop
computer (STEAM Club, 2021).

As rightly reported by the U.S. Department of Education, it’s more essential than
ever that the young people of our country have the necessary knowledge and skills to
solve challenges, make connections between information, and have the ability to
collect and analyze evidence to make decisions, referring to the constantly evolving
and increasingly intricate world. The foundation of STEM and STEAM education is
the development of these abilities (STEAM Club, 2021).

Over the past few decades, research has shown that STEAM which is the
introduction of arts and design in the delivery of STEM (Harris and Bruin, 2018),
exhibited a higher capacity to address our developmental needs and those of the future
generation as illustrated in Figure 1 as adapted from the “Institute for Arts Integration
and STEAM (IAIS, 2024)”.

Figure 1. The various aspects of STEAM education.
As adapted from IAIS (2024).

According to some studies, STEAM is a potential strategy for raising teacher
effectiveness and student accomplishment (Harris and de Bruin, 2018; 1AIS, 2024). In
a 2016 study, researchers examined how STEAM instruction affected students’
understanding of physical science in grades 3 through 5 at urban elementary schools
(Harris and de Bruin, 2018). According to research, students’ science achievement
improved when they got just nine hours of STEAM teaching (Brouillette and Graham,
2016). According to a different 2014 study, integrating STEAM and literacy can
improve students’ cognitive development, boost their reading and math proficiency,
and enable them to critically analyse both their own and their peers’ work (Cunnington
et al., 2014). A 2014 study on the connection between student proficiency in reading
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and mathematics and theatre arts lends more credence to this. According to the
findings, students who received theatre arts integration in their language arts curricula
frequently did better in both language arts and mathematics than their peers in the
control group (Inoa et al., 2014). Furthermore, secondary teachers’ reflections
“revealed inter-, trans-, and cross-disciplinary learning shaped by teacher
collaboration, dialogue, and classroom organization that fosters critical and creative
thinking” (Harris and de Bruin, 2018).

In education, we have operated under the assumption that our goal is to prepare
students for a “good job” for far longer than necessary. However, how does that appear?
Students are being prepared for occupations that are not even feasible. We have
reached a point in time where creating learning environments that are flexible,
dynamic, and pertinent is not just feasible but essential. None of us walk outside and
declare, “The sky is blue, so that’s art”, or “That’s a tree, so that’s science”. In and of
itself, our world is a stunning, intricate, and multifaceted fabric of knowledge. Why
do we think that at a place called school, we have the power or the right to confine it
behind classroom doors and masonry walls? One effective strategy to help our children
get off the “school merry-go-round” and vary their usual pattern of study is to integrate
concepts, themes, standards, and assessments. It uses the actions we take when we let
the actual world in and incorporates those similar activities into our teaching and
learning cycles. At last, we can take down the classroom doors and brick walls to reach
the core of education (1AIS, 2024).

2.1. Movement from STEM to STEAM

One aspect of STEAM is STEM. The practical application of science, technology,
engineering, and mathematics through art and design is the main focus of STEAM
education. Another way of looking at this is that STEAM teachers can assist students
in making connections between art practices and design aspects and the concepts that
they acquire in these important disciplines (STEM). In the end, students should have
the confidence to question, reflect, enquire, and create (STEAM Club, 2021).

Over the past few years, the STEM to STEAM revolution has gained traction and
is gaining momentum as a constructive approach to genuinely address the demands of
the 21st-century industry. STEM education leaves out several essential elements that
many parents, educators, and organizations have stressed are necessary for young
people to succeed in the now and the swiftly near future (Harris and de Bruin, 2018;
IAIS, 2024).

The necessity for more STEM “programs” in our educational institutions has
been widely declared. The reasoning is straightforward: a workforce skilled in
growing fields like science, technology, engineering, and mathematics will ride the
wave of economic growth in the future. The crucial process of creativity and
innovation is absent from these projects, even though they are a fantastic place to start
when exploring these four academic fields (Harris and de Bruin, 2018). While there
may be greater opportunities for hands-on learning for students in STEM programs,
these options are restricted to science, technology, engineering, and mathematics. Our
economy demands application, creativity, and innovation far more than it does
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knowledge of these subjects. These essential elements are not fostered by STEM alone
(1AIS, 2024).

Integrating STEM principles into the arts is how STEAM brings the benefits of
STEM to awhole new level. STEM is elevated to a new level by STEAM, which gives
students access to a wide range of learning opportunities by integrating their studies
in these vital subjects with artistic practices, elements, design concepts, and standards.
Limitations have been eliminated by STEAM and are replaced with incredulity,
critique, inquiry, and innovative thinking (Harris and de Bruin, 2018; IAIS, 2024).

2.2. The STEAM model

While the STEAM path can be exciting, it can also pose challenges if one does
not fully understand the meaning and use of STEAM. Similar to STEM, STEAM
cannot reach its full potential without a few essential elements (IAIS, 2024):

a) STEAM is an integrated approach to education that necessitates a deliberate
relationship between assessments, standards, and the planning and execution of
lessons.

b) Two or more STEAM standards should be taught and assessed in and through
one another to get a true STEAM experience.

¢) Inquiry and collaborative teamwork, as well as a focus on learning via processes
are the foundations of the STEAM method.

d) Atrue STEAM project should make use of and influence the veracity of the arts
itself.

Educational institutions have to take into account several factors to achieve these
aims of STEAM (IAIS, 2024):

a) Cooperative planning with a variety of educators on each team.

b) Modifying the schedule to take into account a new method of instruction.

c) All employees should receive professional development in STEAM techniques
and principles.

d) Designing curricula and assessments using STEAM schema mapping.

e) Harmonisation and deconstruction of evaluations and standards seamless
methods and procedures for implementing lessons.

2.3. How to apply STEAM: Procedure and outcome

No matter what subject you teach, there are actually six phases (steps) to building
a STEAM-centred classroom: “(Focus, Detail, Discovery, Application, Presentation,
and Link)” as shown in Figure 2 as adapted from 1AIS (2024). Working through the
material and the artistic standards in each phase, you are addressing a major issue or
crucial query. The best thing about this technique is that it can be used to support the
actual learning process in your STEAM classroom as well as aid in lesson planning.
Details of these phases are contained in the 1AIS (2024).
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Figure 2. The phases (steps) to building a STEAM-centred classroom.
As adapted from 1AIS (2024).

2.4. STEM to STEAM in Nigeria

As previously mentioned, the role of STEM education in our national
development cannot be overemphasized (Harris and de Bruin, 2018). This fact has
long been recognized by the Nigerian government through the funding and promotion
of STEM education. However, it has been observed that despite the massive financial
support in implementing STEM education policy, Nigeria is yet to reap corresponding
positive technological development. In view of this, of recent the “Nigerian Young
Academy (NYA)” in collaboration with the “Nigerian Academy of Science (NAS)”,
the “Nigerian Academy of Letters (NAL)”, and the “Joint Admission and
Matriculation Board (JAMB)”, are carrying out a STEAM education project which is
funded by JAMB. The project started with the advocacy visit to key stakeholders of
education at national level that included the Minister of Education, the Executive
Secretary of the “National Universities Commission (NUC)”, the “Universal Basic
Education Commission (UBEC)”, etc. to sensitize them about STEAM education and
the need to have a national policy on STEAM education and its implementation. This
was followed by a policy review workshop and policy implementation workshop in
Abuja. The program was cascaded to six states, with one state selected from the six
geopolitical zones namely; Ebonyi State from the South-East, Rivers State from the
South-South, Ondo from the South-West, Nasarawa from the North-Central,
Adamawa from the North-East and Sokoto from North West. As of today, this project
has covered all the selected states, except for Sokoto state, whose project
implementation is scheduled to hold before the end of 2024.

The Africa Centre of Excellence on New Pedagogies in Engineering Education
(ACENPEE), Ahmadu Bello University, Zaria, Nigeria recently organized a workshop
focused on reducing gender bias in STEAM education. The aim was to raise awareness
among female students about the importance of reducing gender bias in STEAM
education and to encourage their active engagement in this field, as they are currently



Journal of Infrastructure, Policy and Development 2025, 9(1), 9055.

underrepresented. The workshop created a learning environment that promoted

collaboration among female students, diversity, and inclusive learning through both

onsite and online platforms. It was supported by female scholars in various fields of

STEAM who facilitated the workshop by covering topics such as enhancing gender

equality in STEAM, turning gender underrepresentation into an innovative

opportunity, and leveraging the feminine gender in research. The workshop not only
helped bridge the gender gap but also fostered a diverse and innovative STEAM
workforce for the future. Results from the learners’ satisfaction survey showed a high
level of interest and contentment among the participants. The survey results also
indicated that sensitization and creating awareness successfully communicated gender
issues to female students who were previously unaware of them. The workshop served
as a source of motivation for the participants to pursue their career goals, regardless
of any obstacles.

According to STEM Club (2021), the following are the roles STEM education
has in Nigeria:

a) Active learning for the pupils. Students are empowered to participate in the
teaching process when they create STEAM projects that demonstrate STEM
ideas. Research indicates that students learn more and retain what they learn when
they engage in experiential, creative learning.

b) To assist pupils in acquiring the abilities necessary for success in the future. It is
now essential that students leave for college and/or enter employment with a set
of well-rounded skills that enable them to adapt to a changing and fast-paced
environment, regardless of the exact function or industry.

c) Feel free to share original and imaginative thoughts.

d) Students can learn subjects in various professions by using real-life tangible
materials with the aid of STEAM. Every STEAM subject has real-world
applications.

e) Using a creative approach, education may once again be enjoyable. A K-5
STEAM curriculum improves students’ learning and test scores while making
learning enjoyable for them by utilising art projects as an initial starting point for
STEM instruction. Students who are actively involved in their studies acquire
and retain more knowledge.

The following are companies/clubs that offer STEM/STEAM training in Nigeria,

as highlighted by STEM Club (2021):

a) Olabisi Ozo-Onyali, has been running STEAM education in various schools for
a few years now under the auspices of Attainables Entertainment Limited
(STEAM empowerment foundation and The STEAM club).

b) TechQuest, Founded in 2015, is a non-profit organisation that offers STEM
(science, technology, engineering, and mathematics) education to students
between the ages of 6 and 16. By providing people, organisations, and
educational institutions with the knowledge, materials, and instruments required
for STEM education, the aim is to enhance conventional classroom instruction
by offering a thorough introduction to STEM subjects in an engaging and
cooperative learning environment.
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c) Africa STEM and Video Game Research: STEMifying African K-12 kids with
STEM experience is a technology, video game, and engineering curriculum
provider.

d) STEMers: The organisation wants to promote, uphold, and support young
individuals in Nigeria’s interests in the STEM disciplines.

e) EDUFUN TECHNIK: A learning organisation that specialises in developing
educational programs for kids and young adults to assist them in planning and
learning through play, practice, hands-on learning, and learner/student-centred
methods of instruction while enabling them to fully engage with technology and,
in particular, STEM education through the STEM LAB.

3. ACENPEE revolutionizing the STEM/STEAM fields using new
pedagogies

The coronavirus (COVID-19) has lately had an impact on research and academia
in STEM/STEAM, and the recent shutdown of laboratories has had a major impact on
actual classrooms and laboratory experiments (Abiodun et al., 2024; Nneji et al., 2022;
Sinan, Nwoacha, et al., 2024; Ukhurebor, Efanodor-Obeten, et al., 2024; Ukhurebor
et al., 2021). This has prompted creative solutions to address this issue. To tackle the
challenges associated with instructing science and engineering courses that hold
substantial appeal for students in Nigerian educational institutions, a novel teaching
and learning pedagogy known as CACPLA- Communicate, Active, Collaborate,
Problem-based Solving, Learning, and Assessment (Obada et al., 2023), was
developed by ACENPEE, Ahmadu Bello University, Zaria, Nigeria. ACENPEE’s
mission is “to provide a world-class teaching and learning environment that stimulates
and promotes innovation in techno-pedagogical skills and competencies for
engineering education and practice. CACPLA is a transitional pedagogy, and the
approach incorporates blended learning (Figure 3 as adapted from Obada et al.,
(2023)).

Communicate ———— Active

Lecture Slide
Dk Exploration and active
Sharing the lecture materials engagement with the learming —Collaborate
using appropriate platforms materlals and management
like WhatsApp, Telegram, etc. systems e |
o
[— |
Assess Interaction with peers
CAC PLA and instructors on the
learning materials
P \ 4
. Learnlng +——Problem-based
ssessment on the Solving
i::dml:::’ outcomes
students’ . 2
satisfaction y & @"
B,
Lecture delivery in real-time, including Students interaction, solving
breakout sessions for students practical orlented problems

Figure 3. The major components of the CACPLA pedagogy.
As adapted from Obada et al. (2023).
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In the study by Obada et al. (2023), they demonstrated how an innovative
approach could initiate a gradual shift in various engineering disciplines from
traditional classroom settings to fully online training which would be helpful to
advance the teaching of STEM/STEAM subjects in Nigeria and globally. The study
involved 253 students from third and final-year classes in an experimental group. The
instructional materials and environment were carefully planned, and the impact of
critical thinking before and after lectures on the student’s overall performance was
assessed. To gather data, two questionnaires were created: one for technical inquiries
and the other for receptiveness. According to the findings of a student poll, the
teaching approach was positively received, helping students understand the concept of
bioengineering within the context of materials chemistry and mechanical
measurements. The results showed that 80% of the students found the blended learning
(CACPLA) approach adequate to meet the study’s learning objectives. The study
suggests that the CACPLA approach, which utilizes platforms like Zoom and Google
Meet, can effectively replace traditional teaching methods and advance techno-
pedagogical practices in STEM/STEAM subjects. The pedagogy has been highlighted
as a quick and cost-effective solution due to the accessibility and convenience of these
online platforms.

4. Conclusion

The importance of STEAM education is increasingly relevant. By incorporating
arts and design into traditional STEM subjects, STEAM has demonstrated its
effectiveness in addressing the developmental needs of today and the future. There is
a growing need for innovative teaching methods in science and engineering, and more
broadly the STEAM fields, and the CACPLA, developed ACENPEE, align with
modern technology. However, more work still needs to be done to enhance pedagogies
in science and engineering education, not only in Nigeria but globally, as this is
essential for technological advancement, economic growth, and national sustainability.

Author contributions: Conceptualization, KEU; methodology, KEU; software, KEU;
validation, KEU; formal analysis, KEU; investigation, KEU; resources, KEU; data
curation, KEU; writing—original draft preparation, KEU, GE, U, 10, NSA, AOA,
BSE, AAT, GJ, JO, UCN and BME; writing—review and editing, KEU, GE, IU, 10,
NSA, AOA, BSE, AAT, GJ, JO, UCN and BME and BME; supervision, KEU; project
administration, KEU; funding acquisition, KEU, AOA, GJ, JO, UCN and BME. All
authors have read and agreed to the published version of the manuscript.

Acknowledgments: The authors appreciate the authors whose articles were used for
this study. Also, the authors are grateful to their respective institutions and appreciate
the “Africa Centre of Excellence on Technology Enhanced Learning (ACETEL),
National Open University of Nigeria, Abuja, Nigeria”, for supporting this study.

Data availability statement: Completely, data produced or investigated during this
work were involved in this submitted article.

Conflict of interest: The authors declare no conflict of interest.



Journal of Infrastructure, Policy and Development 2025, 9(1), 9055.

References

Abiodun, A. O., Ukhurebor, K. E., Alamu, F., Ayodeji, I., Adeyemo, A., Emuoyibofarhe, O.N., Evbuomwan, L, Ebhote, G.O.,
Odiwo, W.0., Egenti, G., & Talabi, A.A. (2024). Factors Associated with Poor Perceptions of the COVID-19 Pandemic in
Africa. Journal of Infrastructure, Policy, and Development, 8(8), 4770.

Amadasun, O. O., Onasoga, B., Aliyu, A., Ukhurebor, K. E., Abiodun, A. O., & Ashawa, M. (2024). A Virtual Machine-based e-
Malpractice Mitigation Strategy in e-Assessment and e-Learning using System Resources and Machine Learning
Techniques. Journal of Autonomous Intelligence, 7(5), 1-15.

Brouillette, L., & Graham, N. J. (2016). Using arts integration to make science learning memorable in the upper elementary
grades: A quasi-experimental study. Journal for Learning through the Arts, 12(1).

Cunnington, Marisol, Kantrowitz, A., Harnett, S., & Aline Hill-Ries, A. (2014). Cultivating Common Ground: Integrating
Standards-Based Visual Arts, Math and Literacy in High-Poverty Urban Classrooms. Journal for Learning through the Arts:
A Research Journal on Arts Integration in Schools and Communities 10(1).

Harris, A., & de Bruin, L.R. (2018). Secondary school creativity, teacher practice and STEAM education: an international study.
Journal of Educational Change, 19(2), 153-179. https://doi.org/10.1007/s10833-017-9311-2

Hussaini, A. R., Ibrahim, S., Ukhurebor, K. E., Jokthan, G., Ndunagu, J. N., Abiodun, O. A., Leonard, F. E., Eneche, B.M., &
Nalwadda, D. (2023). The Influence of Information and Communication Technology in the Teaching and Learning of
Physics. International Journal of Learning, Teaching and Educational Research, 22(6), 98-120.

Iboronke, A. (2021). STEM can develop the innovations we need in Africa, says Gecci Karuri-Sebina. Africa Renewal, 13
September.

Inoa, R., Weltsek, G., & Tabone, C. (2014). A study on the relationship between theater arts and student literacy and mathematics
achievement. Journal for Learning through the Arts: A Research Journal on Arts Integration in Schools and Communities,
10(2).

Institute for Arts Integration and STEAM (1AIS) 2024 Available online: https://artsintegration.com/what-is-steam-education-in-k-
12-schools/. Accessed September 30, 2024.

International Technology and Engineering Educators Association (ITEEA). (2020). Standards for technological and engineering
literacy: the role of technology and engineering in STEM education. Available online: https://www.iteea.org/stel.aspx.
Accessed September 30, 2024.

Gutierrez-Bucheli, L., Kidman, G., & Reid, A. (2021). Sustainability in engineering education: A review of learning outcomes.
Journal of Cleaner Production, 330, 129734, https://doi.org/10.1016/j.jclepro.2021.129734.

Love, T.S., & Hughes, A.J. (2022). Engineering pedagogical content knowledge: examining correlations with formal and informal
preparation experiences. International Journal of STEM Education, 9:29. https://doi.org/10.1186/s40594-022-00345-z.

Love, T.S., & Wells, J.G. (2018). Examining correlations between preparation experiences of US technology and engineering
educators and their teaching of science content and practices. International Journal of Technology and Design Education,
28(2), 395-416. https://doi.org/10.1007/s10798-017-9395-2.

Mai-inji, A. Y., Babatope, L. O., Ukhurebor, K.E., Adesina, A.O., Nwaocha, V., Sinan, I.I., Nwankwo, U.C., Lyada, E., &
Ashawa, M. (2024). E-Learning Systems Application Programming Interfaces Security Management. Journal of
Autonomous Intelligence, 7(5), 1-10.

Ndunagu, J. N., Ukhurebor, K. E., & Adesina, A. (2023). Virtual Laboratories for STEM in Nigerian Higher Education: The
National Open University of Nigeria Learners’ Perspective. In: EImoazen, R., L&ez-Pernas, S., Misiejuk, K., Khalil, M.,
Wasson, B., Saqgr, M (Eds.), Proceedings of the Technology-Enhanced Learning in Laboratories Workshop (TELL 2023),
3393, 38-48.

Nnadozie, E., Jerome, A., Aregbeyen, O. (2023). Perspective Chapter: Sustaining University Education for and National
Development in Nigeria. IntechOpen. doi: 10.5772/intechopen.109454.

Nneji, C. C., Urenyere, R., Ukhurebor, K. E., Ajibola, S., & Onaseso, O. O. (2022). The Impacts of COVID-19-induced Online
Lectures on the Teaching and Learning Process: An Inquiring Study of Junior Secondary Schools in Orlu, Nigeria. Frontiers
in Public Health, 10, 1054536.

Obada, D. O., Bako, R. B., Ahmed, A. S., Anafi, F. O., Oyedeji, A. N., Eberemu, A. O., Dodoo-Arhin, D., Samuel, E. T., Salami,
K. A., Bassey, O., Samuel, B. O., & Obada, 1.B. (2023). Teaching bioengineering using a blended online teaching and

10



Journal of Infrastructure, Policy and Development 2025, 9(1), 9055.

learning strategy: a new pedagogy for adapting classrooms in developing countries. Education and Information
Technologies, 28, 4649-4672. https://doi.org/10.1007/s10639-022-11330-y.

Sinan, I. I., Nwoacha, V., Ukhurebor, K.E., Degila, J., Onashoga, A., Enoyoze, E., & Emmanuel, L. (2024). Data Architectures
and the Prevalent Cyberattacks Encountered by West African Institutions in the COVID-19 Era. Journal of Infrastructure,
Policy, and Development, 8(8), 3736.

Sinan, I. 1., Tong, V. V. T., Nwoacha, V., Degila, J., Onashoga, A., Oaihimire, 1.0., & Ukhurebor, K.E. (2024). Enhancing
Security and Privacy in Educational Environments: A Secure Grade Distribution Scheme with Moodle Integration. Journal of
Infrastructure, Policy, and Development, 8(7), 3737.

Ukhurebor, K. E., Efanodor-Obeten, H.O., Otsupius, A.l., Jokthan, G., Opateye, J.A., Wada, Z.B., Sinan, L.I., Bello, A., Ahmed,
M., Balogun, V.A., & Jatta, L. (2024). The Sustainability of University Education toward National Development: The
Nigerian Perspective. Journal of Infrastructure, Policy and Development, 8(5), 2959.

Ukhurebor, K. E., Oaihimire, I. E., Wada, Z. B., Jokthan, G., Inegbedion, J., Ofulue, C., Efanodor-Obeten, H. O., Otsupius, A.l.,
Tanglang, N., Mai-inji, A.Y., & Ashawa, M. (2024). A Perspective Overview of the Influence of the COVID-19 Pandemic
on the Educational Sector. Journal of Infrastructure, Policy and Development, 8(5), 2955.

Ukhurebor, K. E., Singh, K. R. B., Nayak, V., & UK-Eghonghon, G. (2021). Influence of SARS-CoV-2 Pandemic: A Review
from the Climate Change Perspective. Environmental Science: Processes & Impacts, 23, 1060-1078.

United Nations Report (2022). Science, Technology, Engineering and Mathematics (STEM) as an Enabler for Development and
Peace. Working Group. Policy Paper.

STEAM Club (2021). STEAM Education in Nigeria. Available online: https://thesteamclub.net/__trashed/. Accessed September
25, 2024.

11



