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Abstract

The world is on the brink of a technological revolution, which
will change the way of life as we know it. This study
identifies science, technology, engineering, and mathematics
(STEM) education, as a valid response from the educational
sector to these global changes. There are a plethora of
comparative indicators, which illustrates how Africa lags
behind other continents of the world, in scientific productivity
and knowledge systems. This study proposes the massification
of STEM education as a countermeasure, to enable Africa
meet up with the global competition, and prepare for the
future. Massifying STEM education in Africa involves
creating access via several strategies, resulting in the increase
of student enrollment in STEM fields. This paper concludes
that massifying STEM education boarders on creating access,
ensuring quality and relevance of STEM education across
Africa. Recommendations made include the active
involvement of all stakeholders in promoting STEM fields,
and the availability of STEM education across all age groups,
and gender in Africa.
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INTRODUCTION AND PROBLEM

The world is on the brink of a technological revolution, which
will change the way of life as we know it. Technology in the
works span everything from boosting security with biometric
data, improving in-store retail experiences, disease diagnosis,
self-driving cars, renewable energy, voice-activated
assistance, and software that can trade and invest (WEF, 2016;
Lapierre, 2018). The education sector has not been exempted,
as new teaching and learning solutions are currently being
tested globally. As stated by WEF (2018), five trends will
impact the world, and they are all technologically related.
These trends include advances in mobile Internet, advances in
cloud technology, increase in the availability of big data,
increase in the adoption of new technology, and advances in
artificial intelligence. 75 million jobs will be lost, but will be
replaced with 133 million new jobs, available only to
technologically inclined employees. The world is currently
focused on technological innovations, and high technology
research and development. These have been projected to be
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the future, and have become key drivers of the economy
(McGuiness, 2018).

A valid response from the educational sector on these global
changes, should involve the training of creative minds, to
develop capacity in the rapidly emerging areas in science and
technology. Global institutions of learning are realigning
focus, and have intensified the training of scholars in Science,
Technology, Engineering, and Mathematics (STEM) fields.
Africa should take cue and prepare its populace for a future
driven by technology, ensuring that the continent emerges as a
global competitor (Penprase, 2018). Currently, there are a
plethora of comparative indicators, which illustrate how
Africa lags behind other continents of the world, in scientific
productivity and knowledge systems. Ranging from
challenges with educational infrastructure, to curriculum
structure and inadequate funding, educational institutions in
Africa are not fully geared up to develop STEM capabilities
on the continent. Despite subsidising public education by most
African governments, Khumbah (2018) writes that “Africa’s
current stock of graduates with secondary and tertiary level
skills is still highly skewed towards the humanities and social
sciences, while the proportion of students in STEM averages
less than 25%”. These issues have led to the inadequacy of
competent domestic STEM workforce in the continent,
thereby adversely affecting Africa’s position as a global
competitor today, and in the future.

Responding to these issues, this study proposes the
massifcation of STEM education in Africa, as a panacea to
enable Africa compete globally. There is a shortage of skills
in specific STEM areas such as engineering and technology,
which has affected the capacity of the continent to grow and
develop (African Union, 2014). Africa as a region is
inadequate in engineering and technology, and this is evident
in its slow, conservative, and manual process of getting things
done. A report by the World Bank in 2014 maintain that,
universities in Africa have made considerable progress in the
amount and depth of their research in STEM subjects, but the
continent still lags behind in innovation in science and
technology (World Bank, 2014; UN, 2016). With this
deficiency in innovative science and technology, the pace of
progress in the region will be inauspicious. Massifying STEM
education in Africa is expected to encourage African students
on all levels, to major in Science, Technology, Engineering,
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and Mathematics fields. This approach proposes to improve
the eventual output of technologically inclined graduates,
leading to the growth of a more skill-intensive, and diversified
African economy. To this end, the first part of this paper will
discuss STEM education, while exploring the concept of
massifcation in education. The second part will expose the
challenges currently hindering the promotion of STEM fields
in Africa, further proffering solutions for the transformation of
STEM education in Africa, through massifcation.

THE CONCEPT OF STEM EDUCATION AND IT’S

IMPERATIVE FOR AFRICA: REVIEW OF
LITERATURE
The fields of Science, Technology, Engineering, and

Mathematics (STEM) have been globally identified as
priority, as it is in the heart of our fast moving technology-
driven world. These fields are individually significant and can
be taught in isolation, but the fusion of all four fields has
become a global phenomenon. McDonalds (2016) supports
this view stating that when these fields are collectively
applied, they can deepen understanding, and solve real world
problems. STEM fields improve human understanding of the
physical human environment, support research, and encourage
experimentation. Blurring the boundaries among these
individual disciplines, STEM education presents an integrated
approach to solving real world problems, using combined
knowledge from two or more of these fields. STEM education
is defined differently by different groups and people, but there
is a consensus on its positive results. Xie et al. (2015)
postulates that STEM education is the purposeful integration
of the Science, Technology, Engineering, and Mathematics
disciplines, with the objective of solving real life world
situations. Siekmann & Korbel (2016) argues that its objective
is to expand the abilities of students, by supporting technical
and scientific education, with a strong emphasis on critical
and creative thinking skills. As an integrative approach to
curriculum and instruction, STEM education grooms students
to solve new problems, and draw conclusions based on
previously learned principles applied through STEM.
Utilizing inquiry-based and problem-based instruction
approach, STEM education develops creative minds that
produce solutions to real life issues through creativity, critical
thinking, communication, and collaboration skills.

For Africa, reliance on an infinite wealth from the limitless
creativity and talents of its teeming population will generate
economic value, and promote the adaptation of its education
sector to the growing trends of this digital era. Creating a
knowledge-based economy through STEM education is a
lifeline for the continent, ensuring the growth of a STEM
capable citizenry. An average African individual can then
generate new ideas, possess conceptual understanding on
STEM issues, and critical thinking skills needed to solve most
of the pressing challenges facing the continent in all sectors
(Schilero, 2013). There is a need for STEM education because
it has been hypothesized as a solution to depressed economies
(Williams, 2011). Taking a retrospective look at some events
such as the economic depression in the 1890s, 1930s and
1980s, the lack of promotion of technology education had a
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lot to do with it (Williams, 2011). With rapid technology
development in the order of STEM education, there will be a
change in the conduct of events generally, especially in
production. This will be expected to lead to the development
of the economy, thereby containing  depression.
Technological development is vital for economic growth as
manifested in the highly industrialized nations. Reliance on
the crude old methods of production has made Africa to take a
back sit in all indices of development, hence the need to have
STEM education as a panacea to depressed economies.
Consequently, the penchant to keep abreast with latest
technology will come to the fore, driving competition in the
global space (lksan, 2009). With massive industrialization in
Asian countries facilitated by reliance on technology, other
economies naturally seek to replicate such in their respective
countries, with the expectation of improving the standard of
living of their citizens. Past educational structures in Africa
did not factor current realities into its focus, leading to the
production of skill deficient African students. Promoting
STEM education in the African education space will ensure
that, emphasis is laid on recent global events that affect the
biodiversity in the ecosystem, resulting in the review of the
curriculum. For example, Burnett & Jayaram, (2012) reveal
that skills taught in the Middle East and North Africa, do not
align with the needs of employers, causing a wide
unemployment gap in those economies. This exposes the need
for synergy, ensuring that what is taught in educational
institutions in country addresses the challenges facing its
populace.. Widespread development in information,
communication and technology (ICT), has led to the
automation of several processes in this sector, costing workers
who are tech deficient their jobs. (Voogt & Roblin, 2012). To
be a part of the future, there is need for developing STEM
education in Africa, especially since manual based processes
are still prominent. The world is gravitating towards a
seamless technology based scene, which may lead to the
exemption of most African countries on the global front if
necessary changes are not made. STEM education is therefore
vital for an overall development in Africa. There is also a
need for a holistic and multidisciplinary approach, in order to
record apposite development in Africa, necessitating the focus
on STEM education. In STEM education, students apply
principles of science, technology, engineering and
mathematics to combat challenges, which typifies the multi-
disciplinary approach of STEM education (Chalmers et al,
2017). The aim of STEM education is to have an integrative
approach to solving real life issues with the use of technology
(Sanders, 2008). These are issues that span all sectors,
creating alternative solutions to energy, health, and
environmental issues amongst others (Durik et al, 2015:
Kennedy & Odell, 2014). Some of these issues arose as a
result of Africa’s growing population, leading to the
unavailability and inadequacy of required resources. Training
STEM experts will encourage the development of
groundbreaking technologies to tackle these issues, and
present the possibilities of economic growth, and global
competitiveness. Although education in Africa has improved
as more children are enrolled to get an education as required,
there is a challenge of lack of interest in STEM subjects for
various reasons. More arts graduates are churned out yearly
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with no background knowledge of STEM fields, which has
become pertinent to survival in the future. Kigotho (2019)
asserts that students” enrolment in universities rose from
2.5million in 2000, to 7.4million in 2015 in sub-Saharan
Africa but, higher education students enrolled in STEM
programmes in West Africa is still as low as 9%. There is no
question that the enrolment of African students into STEM
fields needs to increase, especially if Africa aims at
repositioning itself to becoming a dominant player in the
global arena. This study therefore proposes an institutional
massification of STEM education, as a strategy to improving
Africa’s position in a globally competitive knowledge
economy.

UNDERSTANDING MASSIFICATION OF STEM
EDUCATION

Richard (2016) postulates that massification is the mass
adaptation of a phenomenon, by the suppression of its
distinguishing features. Massification came to the lime light
after the World War 1l in Europe and America, when there
was a need for religious groups to control the society and
record numbers (Srikanthan, ND; Wilson, 1996; Guri-
Rosenblit & Sebkova, 2004; Trow 1974; Guri-Rosenblit,
Sebkova & Teichler 2007). Scott (1995) used the term
massification in the context of higher education, while
describing rapid increment in student’s enrollment around the
latter part of the twentieth century. This implies that
massification is about increase in quantitative terms as opined
by the author. Mohamedbhai (2014) conceptualized
institutional massification as an average annual increase in
enrolment of about 15%, to 25% over a decade.
Mohamedbhai’s definition stems from Martin Trow’s
categorization of the higher education system, in his bid to
explain massification. Based on Gross enrolment rates, Trow
divided higher education systems into three categories in
1973. The first is called the elite higher education system,
which enrolls less than 15% of students within the age of 18-
24 years. Elite level of massification of higher education is
premised on influencing and shaping the mind and character
of the ruling class, making them ready for elite duties. This is
confined to the ruling class, as they are well prepared to take
up elite and leadership roles. The second category is the mass
higher education system which enrolls from 16%, to 50% of
the same age group. This level of massification is the
dissipation of skills, and preparation for a broader range of
technical and economic roles necessary for economic
development. The third is the universal higher education
system which enrolls over 50%. The universal level of
massification is concerned with the adaptation of the whole
population, to rapid changes in social and technological
structures of the society (Trow, 2006).

Drawing from this classification, massification can be defined
as the rapid increase in student enrollment, causing a
transition from the elite, to mass higher education. According
to Hornsby & Osman (2014), this increase in enrollment
results from evidence linked to improved health system,
economic  development, empowerment, and  the
democratization of education. Massification challenges the
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traditional form of higher institutions of learning, as centers of
elite education available only to a selected few. In Africa,
massification came to the fore after independence, when
nations chose to upgrade the social and economic
development of their citizens (Kariwo, Gounko & Nungu,
2014). This was in response to historical conditions leading to
institutions enrolling students in excess of their capacity.
Africa experienced a dramatic escalation in the demand for
education, resulting in the expansion of primary and
secondary enrollment, and output. South Africa recorded a
60% increase in student enrolment between 1996 and 2011,
from 590,000 to 938,000(MacGregor, 2014). In Kenya,
massification started in 1990s, leading to the double intake of
students from form four, including graduants from form six.
This propelled the government to create several universities,
and recognize several private universities, with the aim of
increasing the absorption of students from secondary school,
to the university. This was done in anticipation that it will
translate into increasing high skilled manpower, vital for
economic development (Republic of Kenya, 1988).

Massifying STEM education in Africa therefore involves
creating access via several strategies, resulting in the increase
of student enrolment into the fields of Science, Technology,
Engineering, and Mathematics. Enroliments into STEM fields
are currently low, testifying to the elite nature of STEM
education in Africa due to several factors, continuously
hindering the full participation of the African populace in
STEM fields despite the prospects. For one, the use of English
language as the language of instruction for STEM subjects
affects the interests of learners in these fields. Not only does it
exempt a lot of Africans who are not familiar with the
language, it discourages contribution from its mass population
as learning and understanding is seemingly difficult. Another
issue is the exemption of children from STEM fields until
much later in their teenage age. Most Africans do not
encounter these STEM subjects until secondary school, and
this affect their interest in these fields. Access and
participation in STEM fields should be broadened, and made
available to all Africans across all age groups regardless of
gender. There is a perceived notion that women do not do well
in Science and Technology fields, and this also has it effects
on the issue of access. The low proportion of women in
science is due to low enrollments at the primary level, failures
of retention, and lack of mentors and models to motivate
aspiring female scientists at the higher levels. Tunisia is the
only African country with about 47% of women represented
in their scientific research workforce. This is compared to 8%
obtainable in Togo and Burkina Faso. Studies reveal that no
West African country has reached the 25% mark for women
in science ( Okeke et al. 2017; Khumbah, 2018; & Babaci-
Wilhite et al. 2016).

While some developed nations dedicate as much as 4% of
their GDP in scientific research, African governments do not
value investments in scientific research and development.
This affects the progress of these institutions as they become
static, lacking in valuable contributions to the fields of STEM.
Furthermore, Africa lacks well trained STEM teachers to
provide the skills needed to build and innovate in STEM
fields. This discourages learners as interest is lost due to the
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unattractive nature of the teaching and learning process under
these unqualified tutors. The number of qualified STEM
faculties in most African countries has remained static, or
declined due to brain drain. These institutions are then staffed
by underqualified teachers who are incapable of handling
STEM portfolios. Africa has also continued to fail to
rebalance its educational offerings from humanities and social
sciences towards STEM subjects. It therefore needs to make
up for long delays in developing STEM capabilities on the
continent (Khumbah, 2018). Governments in Africa have to
revitalize their education system towards STEM education,
making it the pivotal frontier in the continents historical
evolution. This is because the relevance of other sectors and
institutions in the African economy will be directly dependent
on the caliber of its STEM graduates (Okeke et al. 2017;
Khumbah, 2018; & Babaci-Wilhite et al. 2016).

WHY IS THERE A NEED TO MASSIFY STEM
EDUCATION IN AFRICA?

There are more than a billion people in Africa, and
unfortunately, there are only 2000 colleges and universities
(Phillip L Clay, 2016). This value in terms of the number of
colleges and universities, in comparison to the total population
in Africa is discouraging. To have the sustainable future that
Africa desires, there is a need to massify STEM education in
Africa. In Sub-Saharan Africa for example, seventy percent of
the population is under 30, but only 7% of Africans enroll in
tertiary institutions (Sarah Boumphrey, 2016: Fred Swanike,
2016). This implies that the bulk of the population is within
the youth demography, and there is low enrollment in tertiary
education in Africa. Rapid increment in student’s enrollment
is therefore important in the field of STEM in the African
continent. With Africa being a region with great prospect that
can result in economic growth and prosperity, skill shortage in
vital sectors may hamper the realization of economic
prosperity in Africa. Speaking at a pan African conference on
education, Firmin Matoko(a director general with UNESCO),
states that it is imperative for Africa to tap into scientific
inventions and discoveries that are globally popular, by
increasing investments in scientific research. This will elevate
Africans from the level of consumers, to producers of relevant
technological knowledge.

Curtailing the brain drain and migration of highly qualified
Africans to other developed nations of the world necessitates
the massification of STEM education. As revealed by
UNESCO, if Africa will achieve the 2030 goal of quality
education for its citizens, 19.6million trained teachers are
needed by 2030. This implies that Africa needs at least
1.2million trained teachers annually, particularly because it
has one of the fastest growing school age population globally.
With above 60% of the entire population below 25, it makes
the continent the world’s youngest region today, and by 2030,
it has been presaged that it will be the base of more than one-
quarter of the world’s under-25 populations. To leverage on
its youth demography, Africa can become a top global player
if investment is channeled to create quality STEM education.
STEM education is the fulcrum of an innovative and highly
productive future workforce, which is imperative to the
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survival of any economy. Massifying STEM education has
been reputed to be a pathway to a brighter future, and it is a
veritable tool for opening up a wide range of interesting, and
exciting career opportunities (central office of information,
2008). To develop a strong base of scientists needed for rapid
development on the continent, Africa needs to massif STEM
education. STEM strategies are designed for developing a
strong team of scientist, engineers, technologists and
mathematicians (Department for Education and Skills, 2006)..
Studies reveal that in the United States of America, there is an
increase in the number of jobs that require STEM skills,
creating a need to have world class STEM workforce to meet
the challenges of the 21century. (The White House, 2009).

A research by NRC (2009) noted that the primary builder of
the future economy is STEM education, and it is a stable
source of jobs brought about by innovations in science and
engineering.  Science, mathematics, engineering and
technology, will increase the number of jobs available at a
general level (lacey T.A and Wright B, 2009). Since all
societal processes involve a fraction of science, there is a need
to massify STEM education. According to (national
governor’s association, 2007 employers in many industries
decry the lack of needed mathematics, computer, and problem
solving skills that are vital for success on the job,
predominantly among international students

There are huge demands for STEM inclined employees
currently, and at least 16 of 20 applicants with the highest
future goals in the next decade will be STEM related. This
emphasizes the importance of STEM education as a vital tool
for growth and development, which can only be harnessed by
intensifying effort and increasing enrollment in these fields.
To keep up with the realities of the 21% century, STEM
education is vital and there is a need to increase STEM
literacy for all students, including students who are not
involved with STEM related courses. The need to think and
make decisions in the 21% century requires scientific and
technological understanding. To understand current issues that
affect the world in the 21% century, such as drastic changes in
the environment, health and energy sectors, scientific
knowledge is of great importance. Massifying STEM
education will help all students to better prepare to face the
challenges of a science and technology based economy.

THE TRANSFORMATION OF STEM EDUCATION IN
AFRICA THROUGH MASSIFICATION

Nations with advanced scientific knowledge to inform their
positions on economic development and growth enjoy a
progressive economy. Africa’s position on the international
sphere is directly dependent on this kind of knowledge, which
can only be attained through grooming a vibrant populace
with capabilities in STEM fields. The lack of a capable STEM
workforce implies that Africa will continue to transfer it’s
major resources to expatriate countries, either through brain
drain, or in order to construct and maintain public
infrastructures on the continent, since they cannot do so
themselves(Khumbah, 2018). Mohamedbhai writes

Massification involves changes in the composition, character
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and aspirations of students ( including increasing gender
parity and admission of great numbers of lower, middle class,
and working class students); changes in the size of institutions
and new Institutional types including private providers;
pressures on the infrastructure and financial and human
resources of existing public higher education institutions;
changes in curriculum and modes of delivery; changes in
higher education funding typically involving the introduction
of some forms of cost sharing; and changes in the academic
workforce such as an increasing casualisation of teaching
staff. (Mohamedbhai, 2014 as cited in Luesher, 2016, p.32).

Inferring from Mohamedbhai’s assertion and other findings
in the course of this research, this study posits that
transforming STEM education in Africa through massification
boarders on three key factors; Access, Quality, and Relevance.

Increasing the enrolment of African students into STEM fields
will increase if access is made easy. In Africa, access to
STEM education is difficult and uneven due to a myriad of
factors championed by lack of funding. This study asserts that
improvements can be made, by broadening participation in
STEM fields. First, Access is hindered due to lack of
awareness. African students believe the perceived notion that
STEM fields are quite complex, and attaining success in these
subjects are difficult. Most students just want to achieve high
grades, and they are turned off STEM subjects because of this
perception. They prefer to take art subjects or undertake
majors they are sure they will excel and obtain high grades
from. Some students loose interest because their classrooms
are not equipped with modern technological resources that
enhance, and ensure ease of learning of these STEM subjects,
which makes learning uninteresting and difficult. To pique the
interest of African students in these fields, they need to be
made aware of its individual and societal benefits, especially
in this era driven by technological advancements.
Infrastructures for learning in STEM fields should be made
adequate, thereby encouraging students to explore these fields,
and this requires adequate funding. Secondly, the teaching and
learning process for STEM education can be done in African
languages as opposed to English language. This will enhance
understanding, and increase innovation and contribution from
Africa’s mass population as learning is made easier. Lastly,
the women and children population should not be left out. It is
important to ensure that children have access to STEM
education in their early years. Introducing STEM to kids will
encourage creativity and critical thinking; it will also develop
their passion for STEM fields, encouraging them to pursue
STEM majors. The notion that women do not do well in
STEM fields should be eradicated, and all gender disparity in
these fields should be eliminated by enhancing female
participation in science and technology.

Kigotho (2015) reveals that while research output in Africa
has grown overtime, research in STEM in most countries
continued to decline at the rate of 0.2% annually since 2002.
This was adjudged to result from the low quality of basic
education in science and mathematics. Research has revealed
the cause of low quality STEM education in Africa to be lack
of funds, unqualified teachers, incessant strikes and
unavailability of required resources. Tikly et al. (2018)
concurs as they opine that the systemic challenges hindering
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quality STEM education in Africa includes lack of qualified
STEM teachers, high pupil ratios, unavailability of resources,
and outdated curricula. The issue of unqualified teachers
arises because as enrollment increases, the demand for
teachers will also increase. Due to the shortage of
professionals with sufficient knowledge in STEM fields,
unqualified teachers are employed to fill the gap. Teachers
should be well trained to handle STEM portfolios by using
training programs and projects to perfectly hone their skills.
The STEM career field should be made more attractive to
prevent capable hands from delving into other rewarding
careers. If Africa has more trained teachers in STEM fields,
the issue of high pupil teacher ratios will become history,
making STEM classrooms more engaging as students will be
evenly distributed. STEM subjects require hands on scientific
equipment and learning resources. Teachers should not be
made to rely on theoretical explanations, as this discourages
students from developing creative and critical thinking skills,
communication and collaborative skills, which are enhanced
by teamwork. STEM curricula across the globe have been
updated to adapt to the current global changes in technology,
this should be the same for Africa.

Most African institutions still use outdated curricula
overloaded with old information that are obsolete. The STEM
curricula should be adjusted to reflect the current global
changes in STEM fields (Tikly et al., 2018). This curriculum
should be embedded in real-world contexts because, the right
STEM curricula builds transferable skills, and helps students
to understand the relevance of science to their future. This
new curriculum will help them brainstorm, and come up with
innovative solutions to issues in their locality. A relevant
STEM curriculum will promote problem based learning,
inquiry based learning enhance creativity, develop problem
solving skills, and equip students with the required skills for
real life situations. If the physical, human, and financial
resources required are adequate, massification of STEM
education in Africa will yield positive results (Delacy, 2017;
Mohamedbhai, 2017).

CONCLUSION AND RECOMMENDATION

It is notable to bear in mind that the world in which we live
today is a discovery, and knowledge-driven world. The fourth
industrial revolution is on course, and science and technology
have come to occupy a pivotal place, as sources of economic
growth and social well-being. Innovation through scientific
activities have led to dramatic increase in agricultural
productivity, the creation of new industries with new materials
and technologies, a change in communication and information
technology, and improvements in health and quality of life.
This is in line with the findings of Lee JR (2017) who
maintains that agricultural industries are poised to transit into
high-tech industries, using advanced technology such as
artificial intelligence and big data. From all indications,
massification of STEM education in Africa will lead to an
increase in the enrollment of students into STEM fields in the
primary, secondary, and tertiary levels of education on the
continent. This will subsequently transform and provide the
level of manpower needed for the growth, and development of
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Africa as a continent. As revealed in this study, STEM
education is vital for ensuring economic transformation and
should therefore be massified. Several challenges hampering
the massification of STEM education including the
unavailability of qualified STEM teachers, high pupil -teacher
ratios, unavailability of required resources, and outdated
curricula were revealed. This study recommends the renewal
and intensification of focus on STEM education in Africa in
order to ensure economic prosperity. This can be achieved
through the massification of STEM education ,creating access
to STEM fields, improving the quality of STEM education
obtainable, and ensuring it’s relevance to real-life African
situations. Finally, the successful implementation of
innovative strategies aimed at massification begs the active
involvement of all stakeholders; policy makers, governments,
management, staff, students of higher education institutions,
and the general populace, necessary for maintaining a change
in the educational trajectory of Africa. Creating STEM
education and research strategy centers should be encouraged.
This involves identifying selected higher education
institutions, and investing in them as national, and continental
assets. Secondary schools can also be involved by grooming
capable and motivated students in selected STEM -focused
secondary schools, preparing them to major in STEM fields at
these selected higher education institutions. Children should
not also be left out, as STEM education should be made
available to all in Africa, regardless of age and gender
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