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Abstract—Engineering Education in Kenya remains the
major determinant of country’s economic agenda. However,
at the moment the education system offers the industry and
society unsatisfactory knowledge and services due to mis-
match between the supplied educational talents and the ever
changing world of engineering. It is imperative that the
Kenyan engineering education be designed to tackle chal-
lenges emerging in our societies and industries by providing
real tangible practical skills. The government on its part
should take its share by supporting and giving direction to
institution offering such courses. In order to produce grad-
uates with employable skills, institutions of engineering
must aim at quality while ensuring massification of students
into programs never happens. This paper is thus designed to
show challenges facing quality of engineering education
offered in Kenya in relation to the society and industrial
needs. The paper also highlights the future demands needed
on Kenyan engineering education. The write-up is expected
to inspire education designers and curriculum developers in
preparing programs that provide for the society and indus-
try.

Index terms—Engineering skills-
mismatch, society,

education, industry,

L INTRODUCTION

Kenya like most other developing countries spends ap-
proximately 20% of its gross national product in educating
its young people from primary schools to tertiary institu-
tions [1, 2]. This continuous investment of such a large
percentage of the product of wealth generating industry
and commerce ought to be done with a clear sense of
countrywide preference, an evident relevance to the con-
tinued economic success of the country, and a cautious
management upon its effectiveness.

Different countries use different approaches in teaching
depending upon the designed teaching model chosen.
Such models initiated for better learning process are usual-
ly dependent on economic capabilities of each nation. This
then suggest that different problems are faced in many
countries, and the degrees of interdependence between
countries today leads inevitably to a convergence in the
answers which are agreed-upon [3].

Few countries are either sufficiently wealthy, or have
the will to provide the means to spend all that would be
wished by the educational practitioners to meet all these
pressures. In Kenya the overall university student enrol-
ment increased by 34.9 per cent from 240,551 in 2012/13
to 324,560 in 2013/14. The increase is attributable to
higher enrolment levels in the public universities follow-
ing the introduction of new courses in addition to upgrad-
ing of university colleges. Male student enrolment in-
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creased by 42.6 per cent from 135,436 in 2012/13 to
193,185 in 2013/14 while female student enrolment rose
by 25.0 per cent to 131,375 in 2013/14. During the same
period, enrolment at public universities increased by 41.3
per cent from 195,528 in 2012/13 to 276,349 in 2013/14.
Enrolment in private universities increased by 7.1 per cent
from 45,023 in 2012/13 to 48,211 in 2013/14 [4]. Out of
this figure just a small fraction of students do enroll for
engineering. Some of the enrolled students are even differ-
ing or changing their engineering courses all together.

Massification has changed the traditional client base of
the university with more students demanding education
and with more mature students seeking life-long learning
through continuing education programs. International
competition has added further pressure for change, forcing
universities to become more concerned about knowledge
production, innovation and relevance of their activities to
the external environment. The explosion in technology
and information sciences in the sciences have created a
new skills base within the traditional university and forced
changes in the curriculum in what is called “mode 2 form
of knowledge production”. As a consequence, the arts and
science related courses have declined, and the “enterprise
professions” have become dominant as reflected in areas
such as business, management and accountancy [5].

Growing human capital is critical to the economy of
developing countries. It is hoped that with close coopera-
tion with business and industry, Kenyan universities will
help close Africa's existing skills gap by ensuring that the
globally competitive human capital they produce is
equipped with the capabilities demanded in the modern
world economy [6]. The country must find better, cheaper,
safer, less harmful, more energy-efficient ways of doing
things. It is high time the country uses an engineering
approach to bring in a better engineering education pro-
cess for the generations to come.

II.  TRENDS IN ENGINEERING EDUCATION

A. Engineering Education in the United States

Engineering education in developed countries has
changed considerably during recent years. Not only has
the number of graduates in traditional engineering disci-
plines such as mechanical, civil, electrical, chemical, and
aeronautical engineering declined, but in most of the
premier universities, engineering curricula now concen-
trate on and encourages largely the study of engineering
science [7].

In United States there is a new demand of engineers
who can play more roles in coordinating, outsourcing and
supplier chain management [8]. However, as the country
is preparing to tackle this issues, the National Science
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Board is issuing several reports expressing concern about
long-term trends that affect U.S. workforce capabilities in
engineering, including the dependence on international
students and workers; the declining interest on the part of
U.S. citizens in engineering studies and careers; weakness
in the K-12 science, technology, engineering, and mathe-
matics (STEM) education system; and demographic trends
that are unfavorable to increasing citizen participation
rates in these fields [9]. There is also declining offerings
in engineering subjects dealing with infrastructure, the
environment, and greater concentration has been put on
high technology subjects, largely supporting increasingly
complex scientific development [7]. Despite a reduction in
the number in United State it is however noted that 81%
of their graduates are standards-compliant with the wishes
of both industry and education system [8]. This has in turn
made the United States a global leader in supply of high-
quality engineering talent [10].

B. Engineering education in China

Chinese engineering education on the other hand has
made significant achievements in the recent years. The
scale of education has been rapidly expanding and a high-
er education system with wide range of disciplines and
multi levels has been gradually formed. It is noted that
engineering is the largest discipline in Chinese higher
education. In 2011 there were 2222 institutions that had
undergraduate engineering programs, this accounted for
92.2% of the total 2409 higher education institutions. The
enrollment of undergraduate and graduate engineering
students were 8.689 million and 0.588 million respective-
ly, both accounting for over one third of the total enroll-
ment numbers. The increase is further supported by grad-
uate enrollment in 2010, where professional students ac-
counted for 41%, of which 47% were undertaking master
of Engineering [11]. Hence Chinese engineering education
is the biggest one in the world and is proportionate to the
country’s needs towards its fast growing economy.

In spite of the momentous realization of engineering
education in China, there are still many issues and chal-
lenges to deal with. The most obvious revolves around the
mismatch between supply and demand of talents that is
desperately needed by the industry. A prominent problem
is that while university graduates from many majors have
difficulty in finding jobs; the society is in desperate need
of practical talents, especially skilled talents. This is be-
cause Chinese engineering education focuses on
knowledge accumulation, knowledge dissemination and
the construction of knowledge systems, unlike the one for
United States which emphasizes more attention on train-
ing students to master knowledge and practical ability [8].
The biggest reason affecting the quality of engineering
education in China is that the development goals and
models used by colleges and universities tend to be homo-
geneous i.e. institutions tends to compare themselves to
top universities without considering their own realities and
the needs of the industry.

C. Engineering Education in sub-Saharan Africa (SSA)

Technological transformations have rendered many
formerly scarce resources abundant, while the key con-
straints on economic and business development have
become the skills, knowledge, and talent embodied in
individual workers. Economic success and failure will
increasingly be determined by the strategic acquisition and
management, by businesses and individuals, of economi-
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cally-relevant skills [12, 13]. Despite a clear knowledge
gap required by industries, SSA suffers unending need of
home-grown capabilities in engineering. Statistically there
are a few engineers graduating compared to demands of
the countries in the region. On the other hand, there is
high rate of unemployment among engineering graduates,
indicating that the problem is more complex than a simple
lack of numbers. Unemployment among engineering
graduates may, in part, be due to reluctance on their part
to take poorly paid positions in rural areas, or due to for-
eigners engineers employed firms who prefer foreign
labour [14]. However, the major reason identified is that
engineering students are graduating with unemployable
skills [15]. Hence institutions offering engineering courses
are outputting a substantial number of graduates with few
of them equipped with sufficient skills and experience.

A number of the root causes of low capacity in SSA re-
late to government policies or approaches to engineering.
A low level of public investment in engineering projects
over several decades has meant an inconsistent demand
for qualified engineers [16]. To some degree, this under-
investment may be due to the politicization of the educa-
tion engineering agenda or a basic failure of policy makers
to understand engineering issues. Of the professional
engineers in SSA, 42% believe policymakers have a poor
understanding of engineering issues, while only 14% are
believed to understand the issues at hand [14, 16]. This is
also supported by [17] where it is believed that mobilizing
resources and people, and providing overall direction in
education should be the main responsibility of govern-
ment. Aside from the problem of underinvestment, gov-
ernments in SSA also often fail to legislate sufficiently to
safeguard engineering standards. The reputation of the
engineering profession may partly depend on the existence
and enforcement of legal requirements for engineers to be
professionally registered before being allowed to practice
at certain levels [18].

Human capital flight is also another problem affecting
education system in Africa. There has been an outflow of
skilled personnel to developed countries. This is a result of
a number of issues among them poor working conditions,
low salaries, big classes, conflict, and declining funding
opportunities [19]. This compromises educational quality.
In South Africa in the early 2000s the number of engi-
neers emigrating annually actually matched the numbers
graduating. While the number leaving was partially offset
by a steady flow of engineers into South Africa from
poorer countries on the continent, this in turn undoubtedly
had a detrimental effect on the countries those engineers
left behind. As well as moving to other countries, talented
engineering graduates are also lost to non-engineering
sectors such as banking, finance, IT and management
consultancy. It is believed that jobs in finance or govern-
ment are seen as more prestigious and so attracted talent
away, even from more lucrative engineering sectors [14].

III. ENGINEERING EDUCATION IN KENYA

Kenya lacks enough engineers, technicians and artisans
required to propel the country to an active middle econo-
my. With such a skills gap, Kenyan economic growth
prospects faces uncertain future despites its current huge
infrastructure budget and massive ongoing projects. The
Vision 2030 further notes that their exist shortfall in the
supply of science, engineering and technology (SET)
graduates in the country [20]. The skills gap is further
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compounded by weak linkages between the private sector
and the education and training offered to students, result-
ing in a disparity between the supply and demand for
skills [21]. Therefore, the maximum impact in terms of
employment generation can be achieved by developing the
skills and experiences that are in line with the private
sector dynamics.

The ratio of engineers to technologist to technicians to
craft/artisans for most developed countries for the four
categories of professional is 1:2:4:16, however for devel-
oping countries however, it is considered that the more
realistic ratios is 1:3:12:60. It is however estimated that
for technological take-off, a country should be having at
least 500 engineers and engineering technologists to 1
million people of the population. Examples in this respect
are: China - 1 engineer for 130 persons, India — 157, Bra-
zil — 227, UK — 311, USA — 389, Malaysia — 543, South
Africa — 3166, Tanzania — 5930, Namibia — 6346, Kenya -
6300, Zimbabwe — 6373, and Swaziland — 12,238. By
2030, Kenyan population is projected at 60 million. At the
point of industrial takeoff, Kenya as a country should be
having some 30,000 engineers and engineering technolo-
gists. This means then that the economy will require at
least 7,500 engineers, 22,500 engineering technologists,
90,000 engineering technicians, and 450,000 craft/artisans
[22].

As a result of low employment rate and ever changing
industry demands, there has been a continuous need to
broaden the syllabus by allowing students to undertake
more courses coupled with business courses. This is so
because employers are concerned to see an engineer with
broader engineering content, and the ability to transform
engineering problems into viable opportunities which are
geared towards profit making [23]. However such curricu-
lum will mean more additional years of schooling in addi-
tion to the usual five year courses that most engineering
institution find to be too long and in appropriate. In addi-
tion the continuing expansion of an already crowded
course is certainly a factor contributing to the perceived
falling number of students attracted to engineering courses
in future. The little number of available reading materials
may be seen to compromise quality [24, 25]. All this is
taking place alongside an environment in which ministry
of higher education in Kenya is under increasing financial
pressures, and there are great dangers that standards will
fall due to inadequate government sponsorship.

IV. ENGINEERING EDUCATION AND WEALTH
CREATION

The Kenyan wealth creation and the quality of engi-
neers produced by the universities have to rally together
with one common goal that is setting the base and advanc-
ing the country towards industrialization by the year 2030.
It should be clear that the industry and commerce, is anx-
ious to achieving excellence in its engineering functions
with no tolerance or losses. The Kenyan government must
recognize that engineering industry creates the national
wealth, pervade society, and provide the infrastructure to
the society. This will in turn bring the society and engi-
neering education at equilibrium.

Kenyan Higher education has a task to persuade the so-
ciety that it has the ability and will to improve on the
quality of engineering education, but cannot alone correct
a system that may be out of balance. Thus if high quality
students are not attracted in sufficient quantity into cours-

1JEP — Volume 5, Issue 2, 2015

es leading to honors degrees in engineering, it is due, to a
great extend, to society’s and industry’s perception of the
value of the chartered engineer. It will not be corrected by
increasing or even maintaining the supply of lower quality
engineering graduates. That will indeed confirm those
perceptions, and compound the problem.

The better response will be to maintain or raise stand-
ards, and accept fewer into such courses. Although the
market operates slowly, the most certain way of changing
the perceptions of industry is by reducing the quantity,
and increasing the quality of the Chartered Engineer. The
problem faced by the universities in following such a
course is to keep industries satisfied while the society, as
represented by government, is anxious only at seeing
increasing numbers of engineers’ studies in higher educa-
tion.

There is also a tension between the student and the em-
ployer.

The students’ expectations are:

i. To secure the qualification that will establish
him/her in a career providing security, interest, mon-
ey, and opportunities for high position.

ii. To pursue an interest in engineering matters that will
provide him/her with the opportunity to extend that
interest into a career.

The employers’ expectations are to attract:

i. A few high calibers, flexible entrants who will be
expected to progress into the management of engi-
neering.

ii. Proportional numbers of skilled entrants who are
able to undertake a broad range of technical tasks in
relation the available tasks within a specified time
and budget.

It is not evident that all those students who expect high
position will satisfy the employers’ criteria, nor will all
who wish to be engaged in the most challenging of engi-
neering tasks find many of the jobs with which they are
confronted to be satisfying. Thus one of the dilemmas
faced by higher education is to help satisfy the different
criteria held by the various customers. This is because the
engineering industry are after reducing cost of production
to minimum while maximizing profits, hence employers
are seen to give jobs to those who have the right
knowledge in certain specific areas of engineering cours-
es.

V. THE PRESENT AND FUTURE EXPECTATIONS OF
STUDENT ENGINEERS

Applications to study in the university have been rising
since the introduction of privately sponsored student pro-
gram in Kenya (PSSP) [26]. These new university entrants
have found the field of study very much attractive. This
has happened despite low available chances of one getting
permanent employment in a given firm. Engineering edu-
cation in Kenya just like many other countries does not
attract the highest caliber of university entrants, as most of
them end up studying human medicine, pharmacy, and
architecture. Most engineers graduating from Kenyan
colleges find the new working environment completely
independent from class work. This then creates apparent
disappointment due to their first experience at work. This
implies a mismatch between the anticipation engendered
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during undergraduate years, and the realism of the work-
ing place.

VI. THE CHALLENGE FACING ENGINEERING
EDUCATION IN KENYA

Globalization has changed the skills and competencies
required from engineers being hired by industry and ser-
vice providers. As a result the responsibility of schools of
engineering in educating and training engineers needs to
be altered significantly. It is now an obligatory for engi-
neering graduates to have multi-skills, flexibility, manage-
rial competencies and work ethics. Engineering curricula
has to ensure that graduating engineers can meet the cur-
rent prospects of the industry. The industry desires engi-
neers that are locally relevant and globally aggressive.
They should be competent in solving local problems and
also invent new products and services within the country.

Schools of Engineering have to revamp and improve
their curricula to meet the anticipation of industry. The
formal education system has to be supplemented with a
modular system of education whereby engineers are able
to acquire skills and competencies on a continuous basis
through the use of open ended problem solving technique.
Engineers must be capable of learning new skill in fast
and cautious way to meet the ever-changing requirements
of their employers. Educational systems should present
courses based on e-learning using web-based tools. These
courses should be offered to the working and learning
engineers. This should be done taking into contemplation
the engineer’s specific requirements for fresh knowledge
and skills.

Rapid paced industrial changes are driving certain engi-
neering and production firms into oblivion. The result of
this is that engineers must be capable of participating in
long-term education programs in partnership with indus-
try. The capability profile of engineers is changing radi-
cally. Schools of engineering can no longer design their
educational programs on their own. It is vital to institute a
close collaboration amid schools of engineering and in-
dustry in order that they may both contribute in the for-
mation of engineers who can withstand the taste of time.

VII. ENGINEERING EDUCATIONAL PROGRAMS
CHANGES

In the last three decades, engineering and technical edu-
cation in developing countries has witnessed large growth.
A majority of these institutes of higher education have
relatively good infrastructure and qualified teaching staff.
However, the general efficiency and effectiveness in uti-
lizing these resources is lacking. Presently, the focus in
engineering education in developing countries is on teach-
ing the basics of technology [27]. Only a few institutes
can offer their student knowledge pertinent to the needs of
industry, the industry on the other hand cannot dictate the
type and contents of curriculum to be used by learning
institutions [28]. Some faculties of engineering have in-
cluded within their curriculum short periods of time to be
spent in the corporate environment. Most other faculties
lack a comprehensible vision regarding strategies needed
to inform their students about the future needs of industry.
Thus, there is an urgent need for an important change in
perspective and in the model used in establishing new
curricula.

34

VIII. EFFECT OF GLOBALIZATION ON ENGINEERING

EDUCATION IN DEVELOPING COUNTRIES

Foreign universities have started opening educational
centers in developing countries and are tying-up with
various established universities [27]. Such educational
centers are providing engineering students with a wide
variety of choices and state of the art curricula, which can
provide global career opportunities. However, in Kenya
this has been limited mainly to medicine, IT and business
courses. Some of the more important outcomes of the
analysis are that future engineering education in Kenya
must take the following into consideration:

i. Redesign curricula and involve industry in the de-
velopment of these new curricula. Degree programs
should allow students flexibility; at the same time
offer employable skills as industries shift. New
models of knowledge, production, access and distri-
bution are emerging which include: open source,
knowledge communities, and emphasis on networks.
Qualitative Shifts in Engineering Education must re-
act to these playing fields of the knowledge based
economy.

ii. Use of advanced lecture delivery tools such as pro-
jectors, e-learning via intranet and internet.

iii. Offer courses at global level through web-based
learning tools.

iv. Offer collaborative learning environment by tying
up with leading foreign universities and corporations
like student exchange programs.

Engineering educational programs must prepare engi-
neers capable of meeting the needs of industry. Faculties
of engineering must be fully aware of some important
facts such as:

i. Understand that employers of engineers are multi-
national companies with wide geographical spread
and conduct business across international bounda-
ries.

ii. Engineers must deal with varied cultures, customs
and languages and must be capable of working in
global rather than local environments.

iii. Engineering work must adhere to a variety of statu-
tory and regulatory requirements.

iv. Engineering designs need to address both local and
international requirements, and in particular, envi-
ronmental regulations.

v. Developed products must address a variety of cus-
tomers and consumer preferences.

Changes of engineering curricula should address new

methods in teaching and learning and in their content.

Some of these must include the following:

i. Part of graduation requirements could be fulfilled
through a period of study abroad.

ii. Implement faculty and student exchange programs
to clarify the global views of the engineering prac-
tice. This will make Degrees more translatable as
graduates may head abroad for job opportunities.

iii. Inclusion of extended periods and/or close coopera-
tion with industry while enrolled in the faculty of
engineering.

iv. Conducting joint projects/research among various
departments (multi-disciplinary) and among differ-
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ent universities in different geographical locations
and countries.

v. Engineering curricula must include languages and
cultural studies.

vi. Engineering programs accreditation must be made
global and subject to international quality standards
that address industrial expectations (e.g. ISO certifi-
cation Standard).

.Ensure that engineering students are educated in
how to develop their critical thinking abilities, inno-
vation and problem solving techniques by offering
projects at various stages of their years within the
faculty of engineering and not just at the end of the
program. Engineers have to remain skillful working
in today’s cooperative work environments by
demonstrating effective leadership, possessing good
communication skills, and complex thinking abili-
ties.

=

vi

New Engineering curricula must address the following:

i. Clarify the impacts of technological change on soci-
eties.

ii. Stress the need to make information technology part
of engineering education.

iii. Offer basic foundations of science and mathematics
and offer opportunities for the inclusion of biology,
energy and water technologies.

iv. Offer opportunities for specialized knowledge with-
out ignoring multi-disciplinary content of the curric-
ulum.

v. Teach engineering students the real value of team-
work and stress the need for clear communication
including verbal, written and visual. New employees
in any industry must be flexible and highly skilled in
a variety of competencies. This Skills and compe-
tencies that are increasingly valued need one to be
Versatile, and multi-faceted. Engineers today should
therefore not only have high-level technical skills
but also must possess the “soft” skills, and “People”
skills which are working in groups, teams, leader-
ship.

vi. Students must have technical/specific skills in rele-
vant fields, but also solid background knowledge to
adjust work to the market. Students must be taught
engineering as well relevant basic elements of busi-
ness, finance, management and quality.

IX. CONCLUSION

If the next Kenyan generation of engineers are to be
“more than technical functionaries in the 21* century,
there is a need to provide young engineers with
knowledge of the social environment within which they
will work, together with skills in decisive analysis and
ethical judgment and an ability to assess the long-term
consequences of their work” [29]. To solve the big prob-
lems facing Kenya and other developing countries, the
next generation of engineers will need a set of knowledge,
skills, and attitudes that are sufficiently strong technically
and broad enough regarding non-technical understanding
of social, economic, and political systems. Creativity, or
the ability to see the world anew, making the strange fa-
miliar and the familiar strange, can help infuse a sense of
purpose in education and help students learn to appreciate
and work within the frame work of engineering.
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