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Abstract: The need for improvement in production and
processes and to have a better approach to it necessitates the
imperative of engineering education. The practice of engineering
education takes place in a context and it is also influenced by the
context in which it takes place. Context is the cultural framework
or environment in which technical knowledge and skills are
learned. Globally, there are changes along socio-economic,
environmental, and demographic lines and its driving profound
changes in engineering education in the society. This study
explored research and contextual relevance in engineering
education using a South African University as a case study. The
choice of University of cape town for this case study was
informed by the ranking of the ingtitution as one of the best
universities of engineering in South Africa. The university also
has a center for research in engineering education from which
research focus was picked to establish its relevance. Findings
from this study revealed that engineering research takes place
Disciplinary, environment, economic, social, cultural, political
context. From the study, it was revealed that university of cape
town has five major research focus in engineering education
which include teaching and learning in science and engineering,
students in transition, knowledge and curriculum, higher
education policy and institutional dynamics and evaluation and
development of methodologies. These thematic areas were
explored for contextual relevance. The study recommended that
The study recommends that effort be placed more on research on
digitization to ensure relevance with the current clime and also,
researches in University of Cape Town should be tailored
towardsthe Fourth Industrial revolution for relevance

Keywords: Engineering, Research, Engineering Education,
South Africa, Context, Contextual Relevance.

I INTRODUCTION

Engineering education serves as an academic ground for
industrial and technological burden placed on future
engineers which has the capacity to cause a change in
technological advancement and improve the welfare of
humans (de Graaff & Ravesteijn, 2001; Berggren et al.,
2003; Grimson, 2002). The need for improvement in
production and processes and to have a better approach to it
necessitates the imperative of engineering education. The
practice of engineering education takes place in a context
and it is also influenced by the context in which it takes
place. Context is the cultural framework or environment in
which technical knowledge and skills are learned.
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Understanding the context in which engineering education
research take place is vital for decision making. People are
often of the opinion that if a research works in a country, it
might be applicable elsewhere. There are differences in
countries of the world and what obtains in a place might not
be possible in another hence the need to have understand
research and contextual relevance in engineering education.
Globally, there are changes aong socio-economic,
environmental, and demographic lines and its driving
profound changes in engineering education in the society. It
is important to note that as the society changes, areas that
necessitates requests for new skills emerge and this must be
faced with new approaches to learning. The requirements for
21* century engineers include technical competence, global
sophistication, cultural  awareness, innovation and
entrepreneurial  abilities,  flexibility and  mobility
(Continental, 2006) which necessitates the need for
contextual relevance. With new areas that require new
skillset emerging, there must be relevant ways of
approaching such learning (Adams, Kaczmarczyk, Picton, &
Demian, 2010; Graham & Crawley, 2010). This implies that
the new approaches to learning must be contextually
relevant. This implies that the situation in which the
discipline of engineering education is carried out, the group
of conditions that surrounds it must be relevant.

Looking back one can attest to the changes that have taken
place in the fabric of civilization. These are times of
profound and rapid transformation and there has been a
transition from agriculture to one of rapid industrialization
brought about by technological development. Context in this
research will focus on the environment, globalization,
demographics, technological change and technological
innovation. This research will focus on Challenges in
engineering education research, conceptualization of
context, analysis of context in which engineering research
takes place (environment, geography, culture, economy) and
explore context in research.

. LITERATURE REVIEW

Taking a global perspective at engineering education,
investment in research in engineering education has been a
major priority in the United States and the reason for this
was to maintain global competitiveness in the American
knowledge based economy. This was manifested in the
decision of President Obama to make STEM education a
national priority and to intensify efforts on it
(Whitehouse.gov.2009). This depict the importance of
engineering education as a vital tool for ensuring relevance
and dominance among countries in the international sphere.
With different changes taking place recently,
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there is a need to brace up to adapt to these changes in order
to ensure relevance. The engineering problems of the 20th
century can no longer be solved with the curriculum
developed then asit is obsolete and not in touch with current
realities. The whole engineering dynamic has changed and
there are various emerging areas which combines physical,
biological and digital technology to cause massive changes
in production processes. To brace up to this challenge, there
is a need to develop competencies and new skills so as to
remain relevant. Some of the skills that are important in this
current clime include problem solving, design and analytical
thinking (Whitehouse.gov.2009), leadership, emotional
intelligence etc.

Engineering education has assumed a face lift and its
conduct has changed over time. The traditional conception
that emphasizes work roles only within engineering lines
has been influenced. Engineering graduates are now
involved in other disciplines such as business, finance,
management, policy, social and developmental studies etc.
as argued by (Borrego, M.; Bernhard, J, 2011), it was noted
that the definition of engineering education in the future
should be broadened so as to facto in trends, roles and
functions of modern and future engineering.

To advance innovation in technical engineering, there is a
need to develop a broader approach to research in
engineering education (Melsa J, 2007: -Borego M et a
2009). This typifies the need for huge investments in
engineering education research which many countries in the
developing world might not be able to cope with. With mass
poverty characterizing many developing countries, there has
been poor focus on education which is vital in creating a
knowledge based economy that can contribute to innovation
and hence economic development in the region. Poor
investment in research and education has been a major bane
for development in countries in the global south which
South Africais apart.

A report from Research and Markets featured on
GlobeNewswire (2019) revealed that education and culture
received the largest share of the budget totaling around
R262.4bn. education in South Africa takes about 20% of the
national budget and 6% of the Gross Domestic Product
which is one of the highest among countries in Sub-Saharan
Africa. With this investment in education, the educational
sector is till in crisis as a result of dysfunctional public
school system, low completion rates etc. the South African
educational sector according to the research conducted is
failing the economy. This figures are low compare to those
from developed countries like the United States. According
to (White. R.M et al, 2010) it has been estimated that several
billions of dollars have been directed towards STEM
education, research and development which engineering
education is a mgjor part of. This shows a divide between
developed and developing countries on the imperative of
investment in research and development in order to ensure
economic growth. Research in engineering education is
important in having a relevant curriculum that will ensure
appropriate teaching and learning experience for both
teachers and students and to overcome challenges faced in
the workplace (NRC, 2007, White R.M et a, 2010).

There are growing concerns that the teaching and learning
methods in engineering education are becoming obsolete
and cannot meet up with the current realities and future
requirements of engineering graduates. This has resulted to
various calls, protests and actions on decolonization of
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engineering curriculum in South Africa. As a result of
British colonization, there has been a perpetuation of
western ideologies in the university education in South
Africa. Upholding western views about the local culturally
relevant content and context creates a divide between the
curriculum and the general output of the teaching learning
experience. This typifies the need for contextua relevance
in research which can only be made possible by considering
the environment, political, social and cultural factors which
influences the practice of engineering education in South
Africa. Mgqwashu (2016) argues that academics in South
African higher education institutions are trying to purge
their educational institutions of the procedures, processes,
practices and beliefs which sees or describes concepts,
practice not white or European as inferior and decolonizing
the curriculum is key in the process.

Conceptualization of Context

The study of context spans a lot of discipline and context
from the Latin word contextus which means to weave.
Context also means the circumstances in which a situation
or an event arises. This implies that in order to understand
certain information, context is key and we must explicitly
assess the context that surrounds that event. This definition
is widely used and people are quite familiar with social
context, economical context. Environmental context etc.
Context is vital in all disciplines and in engineering design,
context has been argued by (The MOKA Consortium, 2001)
as that which surrounds it and makes it more valid. Hence,
this implies the whole mix of activities surrounding the
discipline which gives meaning to it. With stability in every
day parlance an illusion, changes are bound to happen. With
things evolving in a rapid manner and changing constantly,
there is a need to adapt to ensure success. Hence, the
imperative of context in each discipline.

Analysis of Context in Which Engineering Research
Takes Place (Disciplinary, Environment, Economic,
Social, Cultural, Political)

Disciplinary context

Modern engineering Started as a scientific
revolution in the 1600s and it emerged from
scientific  discovery and  methodologica
development. In the United Kingdom, engineering
started as a form of apprenticeship (Watson,
1982). In the works of Culligan and Pena-Mora
(2010), John Smeaton established the practice of
engineering as adiscipline in England.

Cultural context

The cultural context of engineering education is
characterized by issues relating to values, heritage, origin,
racial differentiation, ethnicity. These cultural factors are
necessary and relevant in the discipline of engineering
education as they have the potential to influence it. An
engineering outlook at cultural issues will reduce many
controversial problems and isolate the root causes of many
issues. Culture is a vague set of basic assumptions and
values, orientationsto life, beliefs, policies,
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procedures and behavioral perspectives maintained by a
group of people and that influences them but do not
determine individual behavior and interpretation of the
reasons for other people’s behavior (Spencer-Oatey, 2012).
Hofstede maintained that culture is the collective
programming of the mind that separates one member of a
group from the other. Cultural context is afactor to consider
in engineering education in South Africa and it influences
the practice and conduct of the discipline.

It is important to note that engineering education in South
Africa has in it various individuals, with different
background and cultural heritage. With this differences in
culture, there are challenges for teaching and learning
processes in engineering education. Culture holistically has
a bearing on education and according to Obanya (2005) the
two cannot be separated. With the diversity in engineering
education which is manifested in various individuas from
various backgrounds, each seeks to maintain his cultura
identity above others. This can be manifested in
communication, dressing etc.

Culture furthermore has an influence on behavior and the
ability to adapt to changes (Kagerer & Gandarilla, 2011).
The university is a huge space that affects student’s
behavior. With different individuals from different cultural
backgrounds interacting together, students are exposed to
attitudes, views, perspectives etc that influences them.
Culture is also important in engineering education as it
shapes attitudes, values, knowledge base, skill set and this
consequentially influence behavior in the classroom, study
habits, writing styles and interaction with others (ECTE,
2005). This implies that culture might have an influence on
the overall interaction of the students along engineering
education lines.

Culture predominant in specific places aso influences the
practice of engineering education. In developing countries
for instance, patriarchy is still a major feature of most
countries there. A socio-cultural tendency to encourage male
domination in the society influences the practice and
conduct of engineering education there. The popular notion
in such countries is that engineering profession is meant for
the male gender and it might be difficult for the females to
grasp. This view is manifested in enrollment rates into
engineering education profession in Nigeria which has in it
larger number of males compared to females. Females are
often seen as weak and they are culturally sidelined from the
discipline. There are changes to this narrative now and there
has been clamor for gendered approach to issues in all
developmental processes. This has encouraged male
domination in the practice of engineering education in
Nigeria. This typifies the influence culture has on the
practice of engineering education in Nigeria

The ECTE (2005) revealed that in some cultures, it is
mandatory for students to remain silent in class and in some
other cultures there are much formality and students
maintains respect by standing when a professor enters the
classroom. Interaction which is different according to
culture can influence the rapport between students and
lecturers in engineering education and this influences the
discipline. Some cultures encourage collaborative learning
and this involves interaction between teachers and students
in a community and members interact to acquire and share
knowledge and experience (Zhu, 2012). Collaborative
learning is a process where students cooperatively work
together to complete tasks given by lecturers. In some
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cultures, group dynamics as an element of culture is
practiced in a formal and sustained manner with much
premium placed on interdependence and collaboration than
on individual performance (ECTE, 2005). This cultural
differences influences the practice of engineering education
and from this perspective, success can be measured jointly
or individually. Culture influences engineering education
and this is manifested in various dimension such as in
design. In Nigeria, as aresult of socio-economic differences
and cultura backgrounds, building designs are different and
specific to certain regions. Rikko & Qwatau (2011)
maintained that traditional is a form of cultural heritage
maintained from generation to generation, accepted and
practiced by the population therein. The cultural differences
are manifested in various traditional architecture and it’s a
pointer to what culture is prevalent in an area. hence,
culture influences the material, physical, spiritual and social
design of the society (Olotuah, 2001). In engineering
education, the type of housing pattern prevalent in an area
vary with customs and culture. This is in line with the
findings of Rikko & Qwatau (2011) which maintained that
different traditional housing forms at different regions in
Nigeria are necessary as an effort to ensure comfort which is
influenced by culture, religion, climate, closeness to
civilization and expertise. Also, religion as an element of
culture, determines the forms, groupings and production of
engineering structures in Nigeria this has evolved recently
and the Nigerian engineering scenery is being characterized
by postmodern structures and massive sprawl of new
designs which has raw materials notably from other
countries such as china (Ruquayya Tofa, 2011). As a result
of cultural influence, there is adoption of engineering styles
from other locations which influences the practice of
engineering education in Nigeria.

Political context

Political forces play a dominant role in influencing and
shaping the conduct of engineering education in South
Africa. Also, engineering education has impacted on by
power, social and economic factors, which include the
environment, water availability, education, housing, income
distribution, employment, communication and transportation
etc. These are dimensions whereby politics influences
engineering education and it will be expatiated on in this
study.

In South Africa, politics is a significant determinant in
engineering education and it influences it. Taking a cue
from recent happenings in South Africa, a 2017 report by
Mckinsey revealed that by 2030, at least a third of the 60%
activities might become automated. These are huge changes
that will come with the fourth industrial revolution which
has in it many emerging technologies like artificial
intelligence, 3D printing and so many others. With this
events, this resulted in political influence on the University
in South Africa

This resulted in the appointment of Professor Tshilidzi
Marwala from University of Johannesburg by current
president of South Africa Cyril Ramaphosa to appoint
members of a presidentiadl commission on the fourth
industrial revolution to make policies that will guide South
Africain its quest to become reputable in the digital world.
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With the president as the chairman of the committee., he
announced the appointment of a deputy chair to the
commission who is a professor from University of
Johannesburg by the name Tshilidzi Marwala with notable
expertise in the theory and application of artificial
intelligence to engineering, computer science, finance,
social science and medicine.

This clearly typify the political context of engineering
education in South Africa and it is a dimension through
which poalitics influences engineering education as the
political trgjectory tilted towards the university to create
better development plan in the area of engineering and
technology for the nation. With the professor’s expertise in
artificial intelligence, other key areas such as engineering
education, computer science, finance, social science and
medicine will be influenced.

Environmental context

The environment is also a key factor that influences the
practice of engineering education in South Africa. The
environment is a set of materials (biotic and abiotic) that
creates a dynamic and interconnected system in certain
territory. The environment is also a composite of natural
elements such as land, soil, fossil, water, air, flora, fauna,
natural and manmade landscape. Environmental context
dictates the types of engineering design that will be
applicable in a particular area (Fatiregun, 1999). This
environmental factors include rainfall and sunlight and all
elements related to the climate. There exists a nexus
between the environment and engineering education as a
discipline. The environment influences engineering
education and engineering education influences the
environment.

Like it has been reiterated above that environmental
conditions dictate the type of engineering designs and
structures that are specific to each geographical location. For
instance, erosion, desiccation, dissolution, volume change
etc. are al affected by environmental conditions such as
precipitation and sunlight. With the climate change
manifesting with grievous consequences recently, erosion
has impacted on the type of construction carried out
generally. So aso does sunlight has increased tremendously
which has the capacity to change the volume of materials.
This environmental conditions can affect transport,
transformation, dispersion, emission, pollution and damage.

As engineering education is developing, there is massive
proliferation of mechanical devices to aid the process and in
the discharge of duties, these mechanical devices releases
dangerous gases which in turn influences the environment
which typifies the relationship between the environment and
engineering education. A report by Clarice Awa (2019)
revealed that in Qatar, some roads are being painted blue for
cooler temperature amidst extreme heat caused by climate
change.

(. METHODOLOGY

This study is conducted as a case study. According to
Neuman (2006) a case study is a comprehensive study of a
specific case and this case might be an individual, a
university, an environment, an organization, a movement, a
body, a geographical location etc. as seen from the research
topic, this study is a case study of a South African
University and University of Cape town South Africa was
chosen as a case study to enable the researcher generate

robust and in-depth data on the research and contextual
relevance in engineering education in the institution. Cohen,
Manion, and Morrison (2011) explained that a case study is
applicable in qualitative research and the qualitative
approach to research aims at exploring every detail about an
issue or a case. It reveals the quality the concept being
studied (Nieuwenhuis, 2010). The choice of University of
Cape Town for this case study was informed by the ranking
of the ingtitution as one of the best universities of
engineering in South Africa. The university also has a center
for research in engineering education from which research
focus was picked to establish its relevance.

Evaluating Contextual Relevance of Engineering
Education In University Of Cape Town South Africa

The contextual relevance present in research plays a vital
role in assessing and implementation of recommendations
made in the paper. From literature, a measure of contextual
relevance in research Methodology is content link analysis
and from the university, it was revealed that the institution
has five key research areas which are teaching and learning
in science and engineering, studentsin transition, knowledge
and curriculum, higher education policy and institutional
dynamics and evaluation and development  of
methodologies. This will be evaluated to reved the
contextual relevance of each research focus. Contextual
relevance is a construct and it has no universally accepted
definition so, for the purpose of this study, | will
conceptualize contextual relevance as outcome of research
that are directly applicable and suitable to real world issues,
socio-economic problems, environment, culture and polity.
Thiswill be explained viz-a-viz the research focus.

Teaching and Learning in Science and Engineering

This focus area centers on research which is concerned with
improving classroom practice and student learning. The
ingtitution studies innovative pedagogies in science and
engineering and also explore the ways in which different
pedagogies challenge and/or enable learning. In context,
there is a need to have an overhaul in teaching and learning
in South Africa so as to ensure that the curriculum in
engineering education is contextualy relevant. Along this
line is the need to incorporate information and
communication technologies into the curriculum which has
gained wide reception among academic institutions in
Africa. Although, in Africa, ICTs have been integrated in
instruction design in various teaching courses ( Barakabitze,
et a, 2015). Asaresult of changes in the school curriculain
South Africa, it influenced the preparedness of students for
tertiary studies especially in courses that has mathematics in
its domain such as sciences and engineering as a result of
changes in the government, there was a need to change the
curriculum which has happened since 1994 (Jansen, 1998).
As a result of teaching and learning being racialy and
provincially segregated in the apartheid era, there was the
need to have a unified nationa curriculum. This can be
likened to be an avenue where teaching and learning was
overhauled to ensure contextual relevance in science and
engineering. This typifies that teaching and learning in
science and engineering is contextually relevant in Africa.
With recent proliferation of various technologies and the
emergence of the fourth industrial revolution,
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researches in South Africa has been on investigating the
efficacy of using technologies to aid student engagement
and learning. We explore science and engineering students’
disciplinary knowledge and skills and the assessment
thereof, as well as their conceptions, identities and
experiences in learning. We are interested in the
development of academic, scientific and technological
literacy’s and students' induction into disciplinary discourses
in science and engineering. The fusion of technology and
academics is a veritable research area to look into in
University of Cape Town and considering thetime we arein
now; it can be said of such research focus to be contextually
relevant. The research focus teaching and learning in
engineering education also includes the design of the
curriculums, the dominant teaching and assessment
approaches and the pattern of implementation; dependence
on western knowledge for the curriculum content; the focus
on the exportation of research outputs published in foreign
countries; the divide between students and lecturers in the
classrooms, as well as the university management; and the
lack of inclusion of the epistemology of the students into the
university.

Studentsin Transition

This focus area concerns the way in which students navigate
transitions. Navigation in this sense implies the various
stages of progression from academic status to another. With
the transition from school to university and from university
to the outside world, other transitions within higher
education are considered such as moving from the
supportive environment of a first-year extended degree
programme into a mainstream programme, moving from a
discipline to another such as from natural to engineering
sciences, the transition from the engineering sciences to
design, from convergent to divergent problems, as well as
the transition into postgraduate studies. With the emergence
of the global economy where there is a demand for skills,
higher education and training, there is a need for new forms
of education management to have the desired outcomes
(Deem and Brehony, 2005) which necessitates these
transition. With the demand for competent graduates, the
educational institution must aways seek to produce
graduates with defined skill set such as employable skills
and general skills that will encourage their transition from
the academic ingtitution into the world (Kadhila, 2018). It is
therefore imperative as a matter of contextua relevance to
consider the difficulties in transition from various levels
along the educational line and proffer solution to them as
encouraged by university of Cape Town’s center for
research in engineering education. There have been lots of
changes in the higher education programmes in the last few
decades (Tomlinson, 2012). Putting this into consideration
will ensure that efforts made will result in contextua
relevance for engineering education.

Knowledge and Curriculum

This research area focuses on science and engineering
disciplinary knowledge, its place in the workplace, the
academy and the undergraduate curriculum, noting that
these are different bodies of knowledge. As a result of
westernization of the curriculum, there has been various
calls for decolonization of the curriculum. So having
researches on knowledge and curriculum in engineering
education will ensure contextual relevance in engineering
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education. To suit context in higher education in South
Africa, Fomunyam et a, (2017) emphasized the need for
curriculum responsiveness and he opined that there is a need
for employability or economic responsiveness, classroom or
cultural responsiveness, disciplinary responsiveness and
pedagogical or learning responsiveness. These are strategic
research areas the university of cape town research has
focused on with particular emphasis on knowledge and its
dynamics vis-a-vis the curriculum.

Higher Education Policy and Institutional Dynamics

This focus area embraces the broader context in which
tertiary engineering and science educator’s work. Having a
broader perspective to engineering education is vital in
ensuring contextual relevance. This includes engagement
with teachers and lecturers in other disciplines within the
space of higher learning, matters pertaining to university
administration, organization and management, issues of
inter-institutional collaboration or comparison, government
policy matters, research into schools, with parents of higher
education students or workplace practitioners, as well as the
interface with professional bodies. The outward-looking
nature of this focus area inherently changes the way in
which the research is formulated and disseminated. Since
the emphasis is on the societal context in which science and
engineering educators work, the research carried out in this
area tends to focus on the systemic, organizational and
structural dynamics pertaining to higher education hence its
relevance.

V. EVALUATION AND DEVELOPMENT OF
METHODOLOGIES

Methodology concerns the philosophical justification for a
research design and the choice of data collection and
analysis methods. In university of Cape Town, most
researches employs triangulation in their methodology
which is the use of a variety of methodologies. This will
ensure that multiple referents are drawn to give credence to
research conducted and ensure its contextual relevance. For
those whose initial education was in science or engineering,
there is an intellectual journey to grapple with the various
methodologies in social science research. Although it might
be seen that the vita issue is the distinction between
qualitative and quantitative data, in actual fact this is less
significant than being able to vehemently defend a wider
methodological position, informed by ontological and
epistemological commitments.

V. FINDINGS/DISCUSSION

Research and contextual relevance is important to ensure
that outcome of various educational pursuits is worthwhile.
Findings from the study reveal that there are changes along
socio-economic, environmental, and demographic lines and
its driving profound changes in engineering education in the
society. It was also found out that the requirements for 21st
century engineers include technical competence, global
sophistication, cultural awareness, innovation and
entrepreneurial abilities,  flexibility —and  mobility
(Continental, 2006) which necessitates the need for
contextual relevance.
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Also with the changes taking place, there is a need to brace
up to adapt to these changes in order to ensure relevance.
The engineering problems of the 20th century can no longer
be solved with the curriculum developed then as it is
obsolete and not in touch with current realities. The whole
engineering dynamic has changed and there are various
emerging areas which combines physical, biological and
digital technology to cause massive changes in socio-
economic activities. Context was conceptualized as the
circumstances in which a situation or an event arises and
contextual elementsin engineering education were analyzed.
Some of them are disciplinary context, environmental
context, cultural context, political context, and cultural
context.

Findings of the study reveal that University of Cape Town
has five key research areas which are teaching and learning
in science and engineering, studentsin transition, knowledge
and curriculum, higher education policy and institutional
dynamics and evaluation and development of
methodologies. These thematic areas were explored for
contextual relevance.

VI. CONCLUSION AND RECOMMENDATION

The magor goa of engineering education is to prepare
students who are deeply knowledgeable of the technical
fundamentals and broadly prepared with the skills of
engineering. This study has explored research and
contextual relevance in engineering education using the
University of Cape Town as a case study. The essence of the
case study was to explore details peculiar to the institution
along engineering education lines. Engineering education
exist within a context that is constantly evolving and this
study pointed out the various context in which engineering
education takes place and it was analyzed theoreticaly.
There is the need for change in the engineering education
context as a result of the need for development of
professional skills and technical skills. The study
recommends that effort be placed more on research on
digitization to ensure relevance with the current clime and
also, researches in University of Cape Town should be
tailored towards the Fourth Industrial revolution for
relevance.
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