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Preface

The harmonisation of higher education in Africa is a multidimensional
process that promotes the development of an integrated higher
education space on the continent of Africa. The objective is to
achieve collaboration across borders, sub-regionally and regionally, in
curriculum development, educational standards and quality assurance,
joint structural convergence, consistency of systems as well as
compatibility, recognition and transferability of degrees to facilitate
mobility. Harmonisation is necessary for achievement of the African
Union vision of integration, peace and prosperity.

Tuning Africa was adopted as a possible instrument to advance the
African Union’s harmonisation agenda, in collaboration with the EU
through the Joint Africa-EU Strategy. Implementing a second phase
of Tuning was one of the commitments taken at the 2014 Africa-EU
Summit in 2014 in Brussels, as a follow-up to the very successful pilot
phase which took place between 2011 and 2013.

At the November 2017 Africa-EU Summit in Abidjan, Heads of
State committed to deepening their collaboration and exchange in
education, aiming at increasing the employability of young people
bearing in mind that investing in youth and future generations in
Africa is a prerequisite for building a sustainable future. In this context,
further concrete initiatives in the field of higher education which aim
to enhance relevance and the quality of education and training will be
encouraged.

By contributing to the harmonisation of higher education in Africa,
Tuning Africa is complementing Erasmus+, the Intra-Africa academic
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mobility programme and the Nyerere scheme; thereby enhancing
the mutual recognition of academic qualifications and facilitating
exchanges and mobility of students and staff across the continent
and with Europe. This is instrumental for acquiring key skills and
competences that are important for employability, facilitating
collaborative research addressing common challenges, and for ensuring
relevant and quality education. The dialogue on credits and a common
credit system for Africa is another major deliverable for Africa. All these
initiatives are in line with the Continental Education Strategy for Africa
as well as Africa’s Agenda 2063 which calls for an education and skills
revolution.

Tuning Africa has provided a platform for dialogue on quality
assurance and the improvement of teaching, learning and assessment
in higher education. Bringing together academia and employers,
and importantly in this second phase, the active involvement of
students, has been crucial. The success of Tuning Africa has been the
involvement of a critical mass of universities and stakeholders, the
ownership and commitment of all involved, as well as a transparent
and credible leadership.

The AUC and EC are grateful to all the African and European experts
involved in the production of this book, which is an outcome of
the Joint Africa-EU Partnership Harmonisation and Tuning Africa 2
initiative.

African Union Commission and European Commission
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Chapter 1

Introduction

1.1. Mechanical Engineering in the African Context

Mechanical Engineering (ME) is the discipline that applies engineering,
physics, and materials science principles to design, analyse,
manufacture, and maintain mechanical systems. It is one of the oldest
and broadest engineering disciplines, and it requires an understanding
of core areas including mechanics, dynamics, thermodynamics,
materials science, structural analysis, and electricity. In addition to these
core principles, mechanical engineers use tools such as computer-
aided design, and product life cycle management to design and analyse
manufacturing plants, industrial equipment and machinery, heating
and cooling systems, transport systems, aircraft, watercraft, robotics,
medical devices, weapons, and other mechanical objects and systems.
It is the branch of engineering that involves the design, production,
and operation of machinery.

Although its development can be traced back several thousand years
around the world, Mechanical Engineering emerged as a field in
the 18™ century, during the Industrial Revolution in Europe. Since
then, it has continually evolved to incorporate advances in such areas
as composites, mechatronics, and nanotechnology. It also broadly
overlaps with aerospace engineering, metallurgical engineering,
civil engineering, electrical engineering, manufacturing engineering,
chemical engineering, industrial engineering, and other engineering
disciplines to varying degrees.
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Nowadays, Mechanical Engineers also work in the field of biomedical
engineering, specifically with biomechanics, transport phenomena,
bio-mechatronics, bio-nanotechnology, and modelling of biological
systems.

1.2. Importance of Mechanical Engineering for Africa

The importance of Mechanical Engineering explains its strong
presence in almost all African countries, with perceptible disparities
from one country to another due to diversities in historical traditions
of training. However, strong similarities emerge when it comes to
the skills expected of Mechanical Engineering specialists trained in
the Continent’s universities. These similarities are the cross-cutting
framework on which harmonisation processes will have to be based
in order to achieve comparability of the courses offered by each
university in the field of Mechanical Engineering in Africa. This process
of harmonisation is now of paramount importance in an Africa where
regional integration is becoming a major policy axis, which inevitably
leads to a need for mutual recognition of pathways, diplomas and
qualifications in the African Higher Education Area.

A career in Mechanical Engineering is one of the most interesting
careers to follow as it involves a tremendous variety of fields and
activities. Because of its transversality, it provides effective solutions
to many problems that these companies face. Mechanical engineers
in Africa are also involved in applied research. They design, develop,
build, and test mechanical and thermal devices, including tools,
engines, and machines. Mechanical engineers design and oversee the
manufacturing of many products like manufacturing many products
like power-producing machines, such as power-producing machines
such as electric generators, internal combustion engines, and steam
and gas turbines as well as power-using machines, such as refrigeration
and air-conditioning systems. Like other engineers, mechanical
engineers use computers to help create and analyse designs, run
simulations and test how a machine is likely to work. Mechanical
engineering education should produce graduates who understand the
critical role of Mechanical Engineering in the economic development of
Africa. Mechanical engineers typically do the following:

e Analyse problems to see how mechanical and thermal devices might
help solve a problem.

14
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e Design or redesign mechanical and thermal devices using analysis
and computer-aided design.

Develop and test prototypes of devices they design.

Analyse the test results and change the design as needed.

Oversee the manufacturing process for the device.

1.3. Mechanical Engineering Curriculum Reform and
Modernisation

An analysis of ME programmes reveals the variety and extent of
national aspirations: better service to African economies, and assistance
and support in meeting higher education goals; self-sufficiency;
effective and efficient implementation of core programmes; and
contribution to development. Tuning methodology includes a
stakeholder consultation process and provides a foundation on the
basis of which to identify strategic goals, objectives and actions, and to
build a robust and far reaching curriculum reform.

The diversity of ME programmes in Africa represents both a challenge
and an opportunity for the Tuning Project to set the pace and standard
for curriculum harmonisation, quality assurance, and enhanced
coordination and networking. The broad nature of ME means that
effective and efficient curriculum reform would have far reaching
outcomes for many other engineering disciplines, thus contributing to
their development.

1.3.1. Strategic Direction

The main strategic focus of curriculum reform and modernisation
should be to build the capacity of African universities to provide quality
higher education and to facilitate access to increasing numbers of
young people on the continent in order to contribute significantly to
increasing the engineer to population ratio. Strong relationships need
to be developed among both regional and sub-regional bodies, and
university communities within and outside Africa. A new emphasis on
university-industry linkages has the potential to meet the educational
and development needs across the continent.

15

© University of Deusto



In these education reform efforts, an optimum balance must be found
between a focus on the knowledge and skills that students are required
to learn (higher order thinking skills such as problem solving and industry
relevance) and a focus on basic engineering skills and subject theory. The
following should be considered: Standards, Higher Order Thinking Skills,
Depth Not Breadth, and Link with Industry (industry connection).

1.3.2. Implementation

Identify goals of engineering curriculum change.

Identify barriers and key success factors in those change efforts.

Identify attributes of new engineering graduates.

Assess the success programmes have had instilling those attributes in
graduates.

In summary, concerning the Mechanical Engineering, the African
development priorities focus on skill acquisition and deal with:

e Mobility within and outside of Africa.

e Recognition of curricula in Africa and abroad.

e Global and social dimension of engineering curricula.

* Quality assurance programme.

The main objective is to train more and more new engineers,
with regards to the future. Those engineers are supposed to
face global needs and not local ones only. Without neglecting
the technical aspect of the training, the following competences
should be included:

e Management [and learning?] skills in order to face unemployment.

e Respect for others.

e Innovation and ability to build new products.

e Adaptability to all African countries and outside.

16
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o Flexibility.
e Professional ethics.

According to the Association of African Universities (AAU), “higher
education in Africa has been affected by a range of economic and
social problems: comparatively low enrolment at all levels; stretched
institutional facilities and capacities; insufficient economic, political and
logistical support for higher education from African governments and
corporations; weak private sector support and an undeveloped culture
of private contributions to universities; underdeveloped linkages among
universities, industry and governments, and the social and productive
sectors of the economy; and human capacity issues such as an ageing

1

faculty and the ‘brain drain’.

This is the environment within which development of ME programmes
in an African country must occur. Table 1.1 below attempts to draw
connection between the structure of African economies and the overall
unemployment and poverty levels on the continent.

Table 1.1
A comparative assessment of economic indicators
Industry’s Agriculture’s % of the % of
Countries portion of portion of labour force in population

GDP (%) GDP (%) agriculture below poverty
Egypt 374 14.7 32 20.0
Ghana 27.4 24.6 56 28.5
Zambia 335 20.0 85 64.0
Malawi 16.9 29.6 90 50.7
South Afrlca 32.1 24 9 50.0
Cameroon 30.9 19.8 70 48.0
Ethiopia 14.6 46.6 85 29.2
RD Congo 25.9 38.3 N/A 71.0
Tunisia 28.2 10.5 1.7 15.5

© University of Deusto
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With the notable exception of South Africa, Tunisia and Egypt, other
countries possess highly agrarian economies, where most of the
labour is employed in the agricultural sector but the contribution of
that sector to total GDP is hugely and disproportionately low. The
proportions of the populations in the respective countries below
poverty level are unacceptably high and linked to the low figures for
industrialisation.

This calls for a huge degree of mechanisation and a shift in the
structure of the productive sector of African society to a more
manufacturing industry-based, value-adding economy. This is where
the development of an engineering culture through a conscious effort
to increase the engineer to population ratio can play a role and make a
difference.

Higher education courses in Mechanical Engineering are offered at the
first, second and third cycles in these institutions, usually leading to the
award of a Diploma, Bachelor or Master’'s degree (MSc / MPhil) and
PhD in Mechanical Engineering and its related fields. The duration of
the first-cycle programmes varies from three to five years, the duration
of the second-cycle programmes varies between one and two years,
while completing the PhD may vary from three to five years depending
on the specific country and university. A typical programme offers
broad-based general training for the first two or three years with
specialisation in a particular area of Mechanical Engineering occurring
in the final stages of the bachelor’s degree programme.

Among the challenges facing Africa today is the failure of many
African Mechanical Engineering graduates and professionals to work
effectively with SMEs, bringing to bear on Mechanical Engineering
practices in industry the skills and competences that they are expected
to have acquired in their various institutions. It is our belief that the
development challenge can be solved if Mechanical Engineering
graduates acquire the necessary skills and competences that can help
them to revolutionise age-old, traditional Mechanical Engineering
by focusing modern skills, competences and technology to improve
Mechanical Engineering production and processing across the
continent. The project has therefore been committed to identifying the
series of generic and specific competences that have, as their primary
goal, the advancement of Mechanical Engineering education towards
modern reforms.

18
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1.3.3. Member Countries of the Tuning Africa Mechanical
Engineering Subject Area Group

Mechanical Engineering was identified as a priority subject area. The
composition of the Mechanical Engineering group covered the five
regions of Africa and the participating universities are referred in Annex
(List of Contributors -List of participating countries, Universities
and their representatives).

The map below gives an illustration of the distribution of Mechanical
Engineering training in the Continent. It illustrates on the one hand the
richness of the training offer in this field and, on the other hand, its
diversity.

The countries in orange are those where we have not identified
Mechanical Engineering training: Guinea, Sierra Leone, Equatorial
Guinea, Central African Republic, South Sudan and Somalia.

All the other countries have training in Mechanical Engineering
with the particularity that those in green are countries where

some universities participate in the Tuning Africa project (Author’s
presentation).
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Figure 1.1
Member countries participating in Mechanical Engineering Tuning Project in Africa

Akli Mohand Oulhadj University of Bouira

Akli Mohand Oulhadj University of Bouira (Algeria) obtained
university status on June 2012. Today, the University structure
consists of 6 Faculties, 2 Institutes, 23 Departments and more
than 24,000 students, 800 teachers, and about 500 administrative
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staff, renewed scientific libraries, 8 research Laboratories including
32 research teams on: materials and sustainable development,
management and development of natural resources and quality
assurance processes for materials, energy, water, environment,
computing, mathematics and physics for agriculture and forests,
literary and linguistic studies, education, work and guidance, modern
sciences of sport and physical activity.

The University provides training according to the professional and
academic Licence, Master and Doctorate (LMD) system, and Licence,
Magister and Doctorate in Classical in the following fields: sciences
and applied sciences, nature, life and earth sciences, literature and
languages, social and human sciences, economic, commercial and
management sciences, law and political sciences. Taking into account
the modern needs of the society, the university updates its specialties
and specialisations. The university staff works productively at enlarging
the achievements of Akli Mohand Oulhadj University and world
pedagogical science, forming the state intellectual potential, creating
all the conditions for creative self-realisation and cultural development
of the teachers’ personality. As a part of the academic and research
activities, the university cooperates at all levels, including with the
Ministry of Higher Education and Scientific Research.

University of Yaoundé |

Université de Yaoundé | (UYI) is the largest university pole in Central
Africa. Its 95-hectare campus is located in the heart of the city
of Yaoundé, capital of Cameroon, an agglomeration of 3 million
inhabitants. The UYI has 57,000 students and 1,300 teachers. The UYI
has successfully accredited its trainings internationally. Bilingualism
(French-English) is its particularity. Its commitment to the process
of internationalisation and harmonisation is marked by its active
participation since the beginning in the Tuning-Africa project and
several other interuniversity networks. Its experience of hosting
international students led it to develop its procedures (administrative
facilities, visas, housing, insurance, payment of scholarships). UYI
has been selected by the World Bank as a Centre of Excellence in
Information and Communication Technologies (CETIC) for its strong
positions in IT, Telecommunications and Mechanical Engineering.
Several UYI teachers were awarded the African Union Kwame Nkumah
Award for their achievements in science.
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University of Lubumbashi (UNILU)

The University of Lubumbashi (UNILU) is a public university in the
Democratic Republic of Congo, located in Katanga Province, Lubumbashi
City. Founded in 1955, the university is successively named: Official
University of Congo and Rwanda-Urundi, State University of Elizabethville,
Official University of Congo, National University of Congo / Lubumbashi
Campus, National University of Zaire / Campus from Lubumbashi and
finally Lubumbashi University. It has nearly 33,000 students in 10 faculties
and 4 colleges. The language of instruction is French.

Egypt-Japan University of Science and Technology (E-JUST)

Egypt-Japan University of Science and Technology (E-JUST)
is a research-oriented university with the ambition to cultivate an
academic environment and become a benchmark for Egypt and other
African countries in Education. It was first established as a bilateral
agreement project between the Egyptian and Japanese governments
in May 2009 and later in 2010 it was ready to accept its first batch
of students and make the dream a reality. Also, E-JUST is planning
to open undergraduate school in September 2018 and is preparing
7 programmes, including the “Mechatronics” programme. E-JUST has
been able to participate in the Mechanical Engineering SAG of Tuning
Africa, Phase II.

Cairo University

Cairo University is one of the universities that participated in the
Tuning Africa project, in both phases. It is the oldest university in Egypt
(established in 1908) but the Faculty of Engineering is older than the
university. It goes back to the beginning of engineering education in
Egypt, in 1816. The building of the Faculty of Engineering (Building
College now at Giza) was established in 1905 and the mechanical
study specialisation started in 1916.

The Faculty of Engineering of Cairo University participates in the
Tuning Africa project by revising and improving the Mechanical Design

Engineering programme. This is a new programme that has been
established, using a credit hour system, in 2008.
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Jimma University

Jimma University (JU) established in December 1999 by the
amalgamation of Jimma College of Agriculture (founded in 1952), and
Jimma Institute of Health Sciences (established in 1983), is Ethiopia’s
first innovative Community Oriented Education Institution of higher
learning. It has four campuses located in Jimma city, 352 km southwest
of Addis Ababa, with an area of 409 hectares. JU has more than
100 undergraduate, 30 postgraduate and 3 PhD programmes, which
are offered in different disciplines including Medicine, Engineering,
Agriculture, Business, Social and Natural Sciences. The core philosophy
of JU is integration of teaching, research and service. It is structured
under 5 colleges, one school and two institutes, of which the Institute
of Technology is one. Currently it is ranked second among 42 federally
funded universities in Ethiopia but consistently standing first for overall
educational performance for the past few years. It has a student
enrollment in excess of 43,000 with an academic staff of 1,300 and an
administrative staff of 1,800. JU aspires to become the leading public
higher educational institution in Ethiopia, renowned in Africa and
recognised in the world.

Eritrea Institute of Technology (JiT)

Faculty of Technology in JU was established in September 1997,
restructured as College of Engineering and Technology in 2009 and
it became JiT in the year 2011 consequent to the greater thrust and
order of magnitude increases in student admissions to Engineering-
related programmes. Currently, it has a student enrollment of 9,500 in
8 undergraduate programmes and 6 Master Programmes in addition
to sandwich Ph.D programmes. The academic staff number around
263 with 445 administrative staff. Mechanical Engineering, one of
the founding departments in 1997, stands out for the best overall
performance, with a student enrollment at present of 1,650. This
Faculty has participated in Tuning Africa, Phases Il.

Kumasi National University of Science and Technology
KNUST located in Kumasi, Ghana is a regional academic centre of
excellence, spearheading West Africa’s pursuit of technological

advancement. It started as the Kumasi College of Technology
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(KCT) which was established in 1951. KCT became a full-fledged
University and was renamed Kwame Nkrumah University of
Science and Technology in 1961 by an act of parliament. It has a
student population of over 45,000 with six colleges (Agriculture
and Natural Resources, Architecture and Planning, Art and Built
Environment, Engineering, Health Sciences and Science) as well as a
vibrant Institute of Distance Learning. The College of Engineering has
nine departments (Agricultural Engineering, Chemical Engineering,
Petroleum Engineering, Petrochemical Engineering, Civil Engineering,
Geological Engineering, Materials Engineering, Materials Engineering
and Metallurgical Engineering) and two research centres (Technology
Consultancy Centre and The Brew-Hammond Energy Centre).

The Mechanical Engineering Department at KNUST runs the following
programmes: BSc in Mechanical Engineering, BSc in Aerospace
Engineering, MSc in Sustainable Energy and Management, MSc in
Renewable Energy Technologies and PhD in Sustainable Energy.

University of Malawi

Malawi has four public Universities and about thirteen private
Universities. The University of Malawi is the oldest University in Malawi,
established in 1964. It is abbreviated to UNIMA. It has four constituent
colleges situated in the three cities of Blantyre, Zomba and Lilongwe.
University of Malawi - The Polytechnic is one of the constituent colleges
of UNIMA, situated in Blantyre. It is the main institution offering higher
education in engineering in Malawi since 1965. The College has five
academic faculties, 17 departments offering 1 certificate programme,
16 diploma programmes, 45 bachelor’s programmes, 23 master’s
programmes and 16 PhD programmes. The Polytechnic enrolls a
student population of about 6,500. There are 256 academic members
of staff, and 224 administration and support staff.

The Faculty of Engineering was established in 1965. The first engineering
programmes offered were Diplomas in Engineering with some limited
measure of specialisation in Civil, Mechanical and Electrical Engineering.
In 1980, a general six-year engineering degree was introduced.
Specialisation in Civil, Electrical and Mechanical Engineering was
introduced later in 1987 and the duration of the degree programme
was reduced to five years. The Faculty now offers fourteen specialised
undergraduate programmes in: Civil Engineering — Water, Structures,

24

© University of Deusto



and Transportation; Electrical Engineering - Electrical and Electronics,
Electronics and Computer, Electronics and Telecommunications, and
Biomedical; Mechanical Engineering, Industrial, Energy, Automobile;
Mining Engineering, Geological Engineering, Metallurgy and Mineral
Processing. The Faculty also offers postgraduate programmes: MSc,
MPhil and PhD in Infrastructure Development and Management;
MSc in Sustainable Engineering Management specialising in Facilities,
Water, and Mining; and PhD in Industrial Engineering; Energy. Current
student enrolment for Bachelor’s programmes is 210 per year of which
27 percent are female students. There are 60 members of staff in the
Faculty of which five are female. The Faculty also hosts the following
units/centres: Transport Technology Centre; Water, Sanitation Health
and Appropriate Technology Development Centre and Polytechnic
Commercial and Technical Services unit. The Civil Engineering
Departments also offers a commercial materials testing centre. In
addition, the Faculty has a Design Studio.

Cape Peninsula University of Technology

The Cape Peninsula University of Technology was established on 1
January 2005, when the Cape Technikon and Peninsula Technikon
merged. This merger was part of a national transformation process
that transformed the higher education landscape in South Africa.
However, the institution has humble beginnings in the Cape
Technikon and Peninsula Technikon, which dates back to the early
1900’s.

Today, this institution, based in Cape Town, is the only university of
technology in the Western Cape and is the largest university in the
region, boasting more than 30,000 students, several campuses and
service points, six faculties offering more than 70 programmes. The six
faculties are: Applied Sciences, Business and Management Sciences,
Education, Engineering, Health and Wellness Sciences and, lastly,
Informatics and Design.

The Faculty Engineering consists of the following departments in
alphabetical order: Construction management and Quantity
Surveying, Chemical Engineering, Civil Engineering, Clothing and
Textile Technology, Industrial and Systems Engineering, Geomatics
(Surveying and Cartography), Mechanical Engineering and
Mechatronics.
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The Faculty of Engineering covers a broad range of engineering
disciplines, which are currently being reformed to respond to the
demands of regional, national and global industry priorities in
engineering education. Through a range of multi-disciplinary research
institutes and centres, the Faculty aims to integrate its education and
research programmes into a cohesive system, providing students with
modern technology platforms for relevant and industry-responsive
education, with a high degree of work-integrated learning. These
platforms include the Product Life Cycle Management Competency
Centre, providing state-of-the-art education in product design through
simulation and life-cycle management, the Advanced Manufacturing
Technology Laboratory, and the Centre for Substation Automation
and Energy Management Systems, to mention a few. Through this
approach, the Faculty aims to emerge as a major driver of socio-
economic change in the region.

The Mechanical Engineering department offers the following
programmes: National Diploma (ND); Bachelor of Engineering
Technology (B.Eng. (Tech)); Bachelor of Engineering Technology
(B.Eng.(Tech)(Hons)); Masters in Engineering (M. Eng) and Doctor of
Engineering (D.Eng).

National Engineering School of Tunis (ENIT)

Founded in 1968, Ecole Nationale d’Ingénieurs de Tunis (ENIT) is the
oldest of the technological engineering schools in Tunisia. Since its
creation, it provided Tunisia, which had just recovered its independence,
its senior technical staff who designed and built the country’s first
civilian and industrial infrastructures (road networks, works, dams,
electricity, factories, etc.). The training offer of ENIT since then has
constantly evolved to meet the needs of the Tunisian economy for
engineers capable of production, enterprise and innovation. Since its
creation, ENIT has trained around 12,000 engineers, many of whom
hold positions of high technical or managerial responsibility at the
head of public services, public and private companies both in Tunisia
and abroad. Admission to ENIT is mainly through the National Exam
for Entry to Engineering Schools. Those admitted to ENIT are among
the highest ranked candidates in the competition. In the framework
of double degree agreements with prestigious French engineering
institutions, each year about 60 engineering students (about 15% of
the cohort) go to France to obtain a second degree.
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Open to the world and to society, well equipped to address
economic problems related to enterprise and with a strong scientific
and technological background, ENIT graduates are able to perform
functions with high technical, scientific and managerial added value
in different economic sectors: equipment, transport, management,
urban services, companies producing goods and services, environment,
energy, sustainable development, and new technologies.

In September 2017, the EUR-ACE Master label was awarded to the
nine (9) engineering degrees from ENIT for a maximum duration of
6 years. This label means, on the one hand, that the training meets
international quality standards, and on the other hand that it has been
accredited by an agency that meets the most demanding European
standards. This accreditation guarantees the scientific and academic
quality of the engineering degree programmes and also guarantees
their relevance for the practice of engineering. These guarantees are an
advantage for both students and graduates.

Copperbelt University

In Zambia there are four categories of engineering-related
professionals: engineers, technologists, technicians and those in the
craft trades. Three institutions offer Mechanical Engineering degree
programmes, five offer diplomas and ten offer craft trade certificates.
With the number of engineering degrees granted annually standing at
500, an estimated 100 Mechanical Engineering degrees are granted
annually, which translates into one Mechanical Engineering degree
granted annually per every 130,000 Zambian citizens. A National
Qualifications framework is in place and a Higher Education Authority
began in 2013, while TEVET, a governmental authority, regulates
engineering and technical education. A person must obtain a degree
from a recognised university to qualify him/herself to be called an
engineer, and the title “"engineer” is protected by law. All engineers,
as well as engineering firms, must be registered with the Engineering
Institute of Zambia to be allowed to practise. Membership is renewable
on a yearly basis. In addition, a firm must reach a minimum number of
engineers before it can be called an engineering firm.

The countries and the universities participating in the Mechanical
Engineering SAG, along with the names and contact details of their
representatives are presented in Annex.
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1.4. Types of Degree Programmes in Mechanical Engineering

In the past, the number and size of ME Programmes offered in African
universities have been low: in Ghana only one university offered ME
at the degree level for over 40 years but now, as in Zambia, there are
three, and the number of ME graduates has increased correspondingly.
A similar picture can be painted of Ethiopia where great strides are
being made in changing the Science and Technology/Social Science
enrolment ratio from 30:70 to 70:30, translating directly into increases
in the yearly enrolment in ME Programmes (from 800 average to
5,000 average) in the coming few years. In Algeria, they are more
than fifty schools and universities providing graduating courses in
mechanical engineering. In Cameroon, general enrolment figures have
exceeded existing capacities, now reaching 150 engineers per year.
Even though Malawi has only one university offering HE in engineering,
there, too, the numbers have shot up. However, in a few countries
such as Egypt and South Africa, there are relatively high numbers of
engineering bachelors per capita which places them not far behind
countries like the USA and Germany. Even so, in South Africa there
are still plans to boost the numbers of engineering graduates from
7,888 to 15,000 per year by 2014. In 2009 alone, 1,459 ME degrees
were granted at the BSc level plus 111 at the postgraduate level. In
summary, for many years there have been relatively small and few ME
programmes in African universities but in recent years the numbers
have been increasing, albeit slowly. There appears to be an interesting
confluence of efforts in African universities to boost the number of ME
graduates by either increasing the number of universities offering such
programmes or by increasing the intake into existing ME programmes.

These signals progress and highlight the need of restructure ME
programmes and their curricula to meet future challenges. Countries
that grow at a rapid economic rate are known generally to have higher
engineer to population ratios. This ratio also determines the success
(in extent and quality) of a country’s infrastructure development
programme. Comparatively speaking, African countries in general have
engineer to population ratios that lag far behind developed and other
developing countries. Africa owes this disproportion to its reliance
on a predominantly agrarian economy as well as on foreign technical
expertise. Even though growth of engineering graduates is increasing,
this growth is far from adequate and is not enough to meet Africa’s
need for Mechanical Engineering skills.

28

© University of Deusto



1.5. Core Elements of Mechanical Engineering Studies

The Mechanical Engineering (ME) group agreed that first cycle degrees
(bachelor or undergraduate) facilitate professionally qualifying studies
in ME suitable for early professional careers (professional qualification),
as well as providing quality graduates for advanced scientific degree
programmes or for additional degree programmes in areas other
than Mechanical Engineering. The professional profile of ME was
discussed in detail for width and depth concerning specialisations
within the field. The core specialisations in ME, to be found in most of
the universities, are shown in the figures given below along with the
key professional tasks associated with them. The core tasks entail the
acquisition of knowledge (integrative capability) by the student through
the profiling of ME curriculum.

Thermal
Engineering

Industrial
Engineering

Figure 1.2
Core Specialisations in Mechanical Engineering
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Design

Manufacturing

Figure 1.3
Core Tasks in Mechanical Engineering

After taking an overview of the degree profiles from the participating
universities and considering the specific learning outcomes for ME first
cycle study programmes, a consensus has emerged with regard to the
core elements of ME curriculum. These are depicted, below in the form
of a pyramid, with their weightings in percentages on an average.

The figure above shows in a simplistic way the complexity of
Mechanical Engineering training which takes into account both basic
and applied science elements as well as more specific elements such as
design, analysis and practice.

Mechanical Engineering is the body of knowledge related to
mechanics, the physical sense of movement science and the technical
sense of the study of mechanisms. This field of knowledge ranges
from the design of a mechanical product, through its manufacture,
maintenance and recycling. The difference from one mechanical
engineering training system to another is clearly dependent on the
weighting assigned to each of the rubrics of basic training, business
practice, design and analysis.
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Design
15%

Analysis
15%

Practice
20%

Basic and Applied Science of
Mechanical Engineering
50%

Two important lessons can be drawn from this chapter: the first
being that in the context of facilitating the mobility of students and
teachers in a harmonised African higher education area, questions
of comparability of curricula are of vital importance. The Tuning
Africa methodology, which raises the problem of comparability
in terms of the skills acquired by the learner during the learning
period, is a means of maintaining a constructive dialogue between
universities that does not overlap with the specific training traditions
of each university or to each country. Better yet, Tuning Africa defines
a framework of consultation that also involves companies in the
process of curriculum development. This is where the second lesson
is specific to Mechanical Engineering because the progress of African
countries towards economic development makes it imperative to train
technologists who can lead projects of industrialisation. Mechanical
Engineering, which deals with the design, analysis, manufacturing,
installation, operation and maintenance of mechanical systems,
appears in a good place for the sectors to be developed by these
countries wishing to have a strong and productive industrial sector.
All this explains why this discipline is so widely spread in African
universities.
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It is easy to understand that to be effective, this training needs
to be structured in order to respond adequately to the needs of
companies. The advantage of the Tuning Africa methodology is to
clearly and effectively involve companies in the process of curriculum
development, which in the case of Mechanical Engineering is
fundamental to employability.

This chapter shows precisely that, even in a context where the
traditions of formation are different, it is possible to reach out in a

consensual way metaprofiles which highlight the main articulations on
which can build a curriculum acceptable to all.
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Chapter 2

Definition of Generic Competences:
A Thematic Perspective

As far as ME is concerned, the process of defining the generic
competences at the level of BSc or MSc was implemented by the
Tuning Africa Mechanical Engineering Subject Area Group following
a round table meeting and extensive brainstorming among group
members based on a scope of Mechanical Engineering and the
professional profile of a Mechanical Engineer as well as a broad
description of the required competences. A touch of African flavour
was added at this stage by including perspectives from specific
programme profiles from some specific African countries, resulting in
18 generic competences to cover all subject area groups on the basis
of commonality and universal relevance as shown in Table 2.1, here
below:
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Table 2.1
List of Generic Competences

—_

Ability for conceptual thinking, analysis and synthesis

Professionalism, ethical values and commitment to UBUNTU*

Capacity for critical evaluation and self-awareness

Ability to translate knowledge into practice

Obijective decision making and practical cost effective problem solving

Capacity to use innovative and appropriate technologies

Ability to communicate effectively in official /national and local language

Ability to learn to learn and capacity for lifelong learning

O | 0| N |u | b |lwW|N

Flexibility, adaptability and ability to anticipate and respond to new situa-
tions

—
o

Ability for creative and innovative thinking

11 | Leadership, management and teamwork skills

12 | Communication and interpersonal skills

13 | Environmental and economic consciousness

14 | Ability to work in an intra and intercultural and/or international context

15 | Ability to work independently

16 | Ability to evaluate, review and enhance quality

17 | Self-confidence, entrepreneurial spirit and skills

18 | Commitment to preserve and add value to the African identity and cultural
heritage

* UBUNTU (respect for the well-being and dignity of fellow human beings).

2.1. Brief Analysis of the 18 Agreed Generic Competences from
a ME Perspective

1. Ability for conceptual thinking, analysis and synthesis

A key function of Mechanical Engineering, like many other disciplines,
is to provide solutions to real-life problems. This competence
corresponds to the ability to construct mental representations of
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possible solutions to a problem (an ME problem in an ME context),
taking into consideration the various dimensions and implications as
well as the relevance of each possible solution.

2. Professionalism, ethical values and commitment to UBUNTU
(respect for the well-being and dignity of fellow human
beings)

This is the ability to ensure compliance with accepted norms and
guidelines governing the practice of a profession, bearing in mind
what is right and fair to all parties to a transaction, project or system
(including an ME system) from a legal, moral or human dignity
perspective.

3. Capacity for critical evaluation and self-awareness

This is the ability to carefully and correctly assess and appraise
identified systems or situations with a view to determine their merits,
value or shortcomings and present an overall picture of such systems
(and by extension ME systems) as a basis for decision making.

4. Ability to translate knowledge into practice

This relates to the capacity to adjust, modify or adapt acquired
knowledge and connect it to a real life problem or situation. In the
ME context, such knowledge must lead to the solution of an ME
problem.

5. Objective decision making and practical cost effective problem
solving skills

This is the ability to make straightforward, unbiased (ME) and cost-
effective decisions, with the understanding that problem solving should
not be influenced by friendship, emotion, retaliation, or other such
factors that might otherwise cloud the process or reduce its validity in
the eyes of the persons concerned.
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6. Capacity to use innovative and appropriate technologies

This represents the ability to find or discover new technologies or
follow up (ME-related) developments thereof, put them to good use or
adapt them to a given situation.

7. Ability to communicate effectively in official/national
and local language

This is the ability to easily and effectively express or make known one’s
own or a group's thoughts and feelings, or give information either in
writing, orally (in official, national or local language), or by some other
means, such as diagrams, pictures or objects pertaining to a particular
discipline, so that the target group can appraise and understand the
message.

8. Ability to learn how to learn and capacity for lifelong
learning
This is