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 The Doctoral Programme in Computing at 
Makerere University:  Lessons Learned and 

Future Improvements
Venansius Baryamureeba and Ddembe Williams 

This chapter presents a doctoral programme in computing of  Makerere University. It 
is a research and coursework education programme intended to inform investigators 
and build the academic field of  computing with a comprehensive, multidisciplinary, 
interdisciplinary and integrative view. Indeed, computing and engineering offers a new 
design approach which calls for an interdisceplinary approach to research. We first 
developed an operationalisation of  interdisciplinarity, followed by guided interviews 
and questionnaires. The findings of  the study showed that students lack research skills 
and methodologies in computing. Coursework and dissertation was recommended as 
opposed to thesis for future improvements. The coursework is aimed at demonstrating 
an understanding and detailed philisophy and methodology of  computing, data 
representation and procesing, which is directly related to the quality of  results. The 
doctoral programme is intended to catalyse this approach as an academic discipline. 
Baryamureeba and Williams propose a PhD curriculum consisting of  one year of  
coursework and two years of  research. The curriculum is structured in such a way that 
by the end of  the first semester the student will have an approved research proposal 
and by the end of  the first year the student will have published at least a review paper 
in his/ her area of  research. The main advantage of  this curriculum is that students 
will be able to work independently after the first year  and as a result they can finish 
their 2nd and/ or 3rd year at another university. This programme approach will help 
in producing highly qualified PhD holders in environments where sufficient PhD 
supervisors are lacking. The proposed PhD programme in computing with a focus 
on computer science, information technology, information systems and software 
engineering forms a framework that could be adopted and customised in any discipline 
where PhD supervisors are scarce yet the demand for PhD training is high.

Introduction
The Makerere University Council established Makerere University Faculty of  
Computing and Information Technology (CIT) on 19 January 2005 with four academic 
departments of  computer science, information systems, information technology and 
networks. As a result the Institute of  Computer Science, which was established by the 
Makerere University Council in 1985, was phased out and replaced by the Department 
of  Computer Science within the CIT. The CIT now offers a wide variety of  services 
ranging from teaching and research to consultancy to both the public and private sectors. 
With the vision of  being a leader in ICT/computing training, research and consultancy 
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services on the African continent, the Faculty of  Computing and Information 
Technology is an innovative and market-oriented institution, pursuing inquiry, discovery 
and application through excellence in teaching and learning, value-added research, 
cutting-edge consultancy and vibrant student life. To address staff  development needs 
within the region, the faculty started a doctoral programme in computing. The doctoral 
programme is expected to produce highly skilled and a specialised ICT labour force 
to cater for the sophisticated IT jobs in the ever-increasing ICT sector in Uganda in 
particular and the African region in general. 

The current research and teaching on the doctoral programme are focused on four 
areas, namely Computer Science (CS), Information Systems (IS), Software Engineering 
(SE) and Information Technology (IT). These researches address both local and 
international needs. Many of  the efforts are closely combined with other departments, 
faculties and universities in East Africa, UK, Norway, and the Netherlands, thus 
making the postgraduate education a high quality interdisciplinary and internationally 
collaborative programme.  The faculty, in response to the high rate of  growth of  
Information and Communication Technology (ICT) in Uganda specifically, and the 
African region in general, introduced a doctoral programme in computing in 2002. 
This was in order to sustain the high growth useful to the economy by grooming 
highly skilled and specialised ICT labor force to cater for the sophisticated IT jobs. The 
doctoral programme in computing was structured to enable students from the master’s 
programme pursue further studies in the four areas, which are also the main focus of  
the master’s degrees. 

Within the CIT, the doctoral programme will provide the four departments with 
PhD holders in addition to the existing ones and those currently training abroad and in 
effect promote sustainable research excellence in computing in the long term. 

The core staff  on the doctoral programme in computing comprise CIT staff, visiting 
fellows and part-time staff  with PhDs in relevant disciplines from both the private and 
public sectors.  The Netherlands Organisation for International Cooperation in Higher 
Education (Nuffic) has provided a grant to support staff  missions for professors from 
the University of  Groningen and Radboud University in Netherlands in the areas of  
teaching and research. 

The CIT is in advanced stages of  beginning the construction of  an 11,000 
square metre building to provide more space for the doctoral programme and other 
programmes in the faculty.  The Norwegian Agency for Development Cooperation 
(NORAD) provided support for the building that currently houses the programme. 
The objectives of  the doctoral programme can be summarised as follows:
1) To inform investigators and/ or researchers in computing at the highest level 

of  excellence.  The PhD graduates are expected to have a broad vision in 
the subject field of  study, consciousness of  the role of  scientific research in 
economic development and social change, and ability to become champions 
in academia. 

2) To allow students to develop philosophical and theoretical knowledge and 
analytical skills in the specific specialist areas defined by their taught units, 
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and ability to continue updating their knowledge and skills after completion 
of  study in relation to scholarship and research.

3)  To enhance the capacity of  the CIT to serve as a scientific knowledge hub in 
sub-Saharan Africa. 

The programme is dynamically designed to convey a wide spectrum of  scientific 
and technological disciplines critical to computing, thus it is interdisciplinary and 
multidisciplinary in nature. The PhD programme emphasises the philosophy and 
methodology of  the representation and transformation of  information, including 
theoretical and experimental aspects. 

Design Philosophy of  the Doctoral Programme  
As computing is developing and becoming more complicated and/ or sophisticated in 
ways of  information processing, information itself  is becoming a pervasive integrative 
theme across the sciences, humanities and engineering (Seguel et al., 2003). Critical 
questions that touch on the nature and flow of  information arise, such as the design 
of  self-optimising, self-healing software, and the logic of  vision and perception, 
among others. In these examples and in many other science and engineering problems, 
information appears at many levels, and flows between many levels, shaping up 
information systems. We define information systems as a natural or artificial system 
whose properties, functionality, structure and /or interfaces are altered by or depend 
on informational phenomena.  Informational phenomena, in turn, refer mostly to the 
nature and transformation of  information, or information processing. 

The PhD programme is a major attempt well beyond this scheme, incorporating 
information and information processing methodologies and the science and engineering they serve, in a 
very intimate way. The programme links researchers with a deep knowledge in a scientific 
discipline and provide them and their students with an adequate academic framework 
and the means of  becoming creative agents for change. Thus the programme harbours 
a diverse group of  researchers guided by common interests. 

Case Studies
A doctoral programme in computing and information sciences and engineering of  

the University of  Puerto Rico.

Structure of  the Programme

The main rationale behind this PhD design is that computing cannot be separated from 
its ever-expanding range of  applications without paying a significant price in scientific 
breadth and depth. Ultimately, this evolves out of  collaborative research by computer 
scientists, engineers, scientists, social scientists and mathematicians. This approach will 
generate its own collection of  research problems, methodologies and results. 

This emergent body of  science and engineering provides the framework for 
the doctoral programme. As a consequence of  this emphasis on computing and 
engineering, the programme’s coursework starts and consists of  core courses in 
computing, namely:
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PhD (Computer Science)

Data types, structures and abstract data types. Efficiency measures (average and 
worst case), rates of  growth, asymptotic behaviour. Algorithmic paradigms (including 
enumeration, divide-and-conquer, greedy, dynamic programming, tree search, 
probabilistic). Algorithm design and analysis with correctness proofs. Data processing 
algorithms (sorting, searching, hash tables etc.); data mining. Numerical algorithms 
and analysis; statistical algorithms and simulation. Graph theory and graph theoretic 
algorithms (shortest paths, spanning trees, etc.). Symbolic computation. Other 
application areas, e.g. sequencing, scheduling and assignment. Parallel and distributed 
algorithms, implementation issues and efficiency measures.

Year One Semester I: 4 Courses

Code Name LH CH CU

 3 Core Courses

MCS 9100 Philosophy of Computing and Information Technology 45 45 3

MCS 9101 Research and Project Proposal 45 45 3

MCS 9102 Advanced Research Methods in Computing and IT 45 45 3

1 elective course

MCS 9103 Managerial Problems in Information Technology 45 45 3

MCS 9104 Research Project management 45 45 3

MCS 9105 Gender and ICT 45 45 3

Year One Semester II: 4 Courses

3 Core Courses

MCS 9200 Philosophy of Science and Computing Research 45 45 3

MCS 9201 Presentations, Scientific Writing and Research Ethics 45 45 3

MCS 9202 Trends in Computer Science 45 45 3

1 Elective Course

MCS 9203 Trends in Information Systems 45 45 3

MCS 9204 Trends in Information Technology 45 45 3

MCS 9205 Trends in Software Engineering 45 45 3

Year Two Semester One and Two

Independent Research and Dissertation Compilation

Year Three Semester One and Two

Independent Research, Dissertation Compilation and 
Defence

The research in computer science will focus on areas such as human computer 
interaction, programming environments, distributed computing, natural computing, 
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logic in computer science, algorithms and complexity, algebraic specifications, formal 
languages, language-theoretic modelling, computational geometry, modelling and 
simulation, artificial intelligence and expert systems.

Other research areas include:   

(a). Bio-Informatics: The research on applying computers in solving molecular 
biology problems (crosscutting problems) is on the increase. The research 
will focus on areas such as the development of  new methods and programs 
aiming at solving molecular biology problems. This will include analysis of  
nucleotide and protein sequences and structures; work on problems within 
functional genomics and especially on the analysis of  data on the activity 
of  genes and gene products (proteins); general techniques from a variety 
of  fields will be used, including algorithm development, formal languages, 
databases and knowledge technology.

(b). Networks: The research will focus on areas such as Internet, network 
and computer security; the relationship between quality of  service and 
e-commerce (e-business); network optimisation; traffic management, 
compression and optimisation; pricing issues in multi-service networks; and 
network architectural design.

A PhD in Computer Science will have a minimum of  24 credit units for the two 
semesters in Year One. 

PhD (Information Systems) 
The electronic handling of  information is one of  the defining technologies of  our age.  
Enormous volumes of  information are routinely stored and transmitted worldwide; 
indeed most aspects of  our daily lives would come to a halt should the information 
infrastructure fail.  However, with the benefits deriving from the ability to automatically 
manage so much information, come major threats to business, governments and 
individuals. 

The research in information systems will focus on areas such as theory and 
intellectual development of  information systems in organisations, institutions, the 
economy and society.

It will also focus on other areas such as e-governance: Internet governance, database 
design for nationwide information systems, security and trust issues in e- governance, 
public-private partnership for e-government, e-filing for content and knowledge 
management in government, application of  expert systems in e-governance, impact of  
e-governance in decentralised district administration, electronic voting in developing 
countries, secure methods for electronic management of  student academic records 
in a tertiary institution, systems development for e-government, e-tendering, a multi-
level analysis of  IT effectiveness in the government, e-governance and crime analysis, 
restructuring organisations in the era of  e-governance, and e-training in e-governance.
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Year One Semester I: 4 Courses
Code Name LH CH CU

 3 Core Courses
MCS 9100 Philosophy of Computing and Information Technology 45 45 3
MCS 9101 Research and Project Proposal 45 45 3
MCS 9102 Advanced Research Methods in Computing and IT 45 45 3

1 Elective Course
MCS 9103 Managerial Problems in Information Technology Research 45 45 3
MCS 9104 Research Project Management 45 45 3
MCS 9105 Gender and ICT 45 3 3
Year One Semester II: 4 Courses

3 Core Courses
MCS 9200 Philosophy of Science and Computing Research 45 45 3
MCS 9201 Presentations, Scientific Writing and Research Ethics 45 45 3
MCS 9203 Trends in Information Systems 45 45 3

1 Elective Course
MCS 9202 Trends in Computer Science 45 45 3
MCS 9204 Trends in Information Technology  45 45 3
MCS 9205 Trends in Software Engineering 45 45 3
Year Two Semester One and Two

Independent Research and Dissertation Compilation
Year Three Semester One and Two

Independent Research, Dissertation Compilation and Defense

A PhD in Information Systems will have a minimum of  24 credit units for the two 
semesters in Year One. 

PhD (Software Engineering)
Development paradigms; requirements elicitation / specification; analysis and design 

(including architectural design and design patterns); system models; programming 
paradigms; prototyping and evolution; testing; verification and validation; assessment 
and evaluation; software reuse; software measurement and metrics; operation and 
maintenance; project management; quality assurance and management; configuration 
management; formal description techniques; software dependability; tools (including 
computer-aided software engineering (CASE) and environments; software process 
models; implementation; documentation.

Software has become the driving force behind most new technologies. But the 
engineering of  software is becoming increasingly complicated. A pragmatic approach 
to problem-solving is the hallmark of  a software engineer. A software engineer must 
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balance a variety of  competing factors, including functionality, quality, performance, 
safety, usability, time to market, and cost.

The software engineering research will pursue the discovery of  principles and the 
development of  technologies to support the engineering of  large, complex software 
systems. The challenging targets for this work are organisations and software systems 
operating in the wide-area, heterogeneous, distributed, and decentralised contexts of  
wide-area networks such as the Internet. Research in scientific computing, including 
scientific modelling, will also be undertaken. 

Year One Semester I: 4 Courses
Code Name LH CH CU

 3 Core Courses
MCS 9100 Philosophy of Computing and Information Technology 45 45 3
MCS 9101 Research and Project Proposal 45 45 3
MCS 9102 Advanced Research Methods in Computing and IT 45 45 3

1 Elective Course
MCS 9103 Managerial Problems in Information Technology 45 45 3
MCS 9104 Research Project Management 45 45 3
MCS 9105 Gender and ICT 45 3 3
Year One Semester II: 4 Courses

3 Core Courses
MCS 9200 Philosophy of Science and Computing Research 45 45 3
MCS 9201 Presentations, Scientific Writing and Research Ethics 45 45 3
MCS 9205 Trends in Software Engineering 45 45 3

1 Elective Course
MCS 9202 Trends in Computer Science 45 45 3
MCS 9203 Trends in Information Systems 45 45 3
MCS 9204 Trends in Information Technology 45 45 3
Year Two Semester One and Two

Independent Research and Dissertation Compilation
Year Three Semester One and Two

Independent Research, Dissertation Compilation and Defense

A PhD in Software Engineering will have a minimum of  24 credit units for the two 
semesters in Year One. 

PhD (Information Technology)
Most managers feel that the critical asset that separates their organisation from their 
competitors is the knowledge assets or intellectual capital of  the employees of  their 
organisation.  With many organisations downsizing, rightsizing, outsourcing, and the 
like, the ability to capture, share, and apply the ‘lessons learned’ of  the employees 
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(especially those experts who retire or leave the firm) is critical to the success and 
growth of  the organisation. Modern management requires an awareness of  information 
technologies in order to remain competitive. Information systems influence the way in 
which the whole organisation operates dealing with work practices, products, tools for 
decision-support, marketing and sales, and many other areas of  business, which are 
critical to the efficient running and operation of  any enterprise. 

Advances in Information Technology (IT) have dramatically transformed the way 
in which our entire society lives, works, learns, communicates, and does business. In 
particular, the conduct of  science and engineering has been profoundly altered, so 
that it is possible today to work on problems in these areas at unprecedented levels of  
speed, precision, and detail. In education, IT has the potential to make available in the 
remotest corners of  the earth the highest levels of  learning, information, and analysis. 
To enhance the positive effects of  these transformations, the research in IT will explore 
new scientific, engineering, and educational areas in IT that will enhance development.

A PhD in Information Technology will have a minimum of  24 credit units for the 
two semesters in Year One. 

Year One Semester I: 4 Courses
Code Name LH CH CU

 3 Core Courses

MCS 9100 Philosophy of Computing and Information Technology 45 45 3
MCS 9101 Research and Project Proposal 45 45 3
MCS 9102 Advanced Research Methods in Computing and IT 45 45 3

1 Elective Course
MCS 9103 Managerial Problems in Information Technology 45 45 3
MCS 9104 Research Project Management 45 45 3

MCS 9105 Gender and ICT 45 3 3

Year One Semester II: 4 Courses

3 Core Courses

MCS 9200 Philosophy of Science and Computing Research 45 45 3

MCS 9201 Presentations, Scientific Writing and Research Ethics 45 45 3

MCS 9204 Trends in Information Technology 45 45 3

1 Elective Course

MCS 9202 Trends in Computer Science 45 45 3

MCS 9203 Trends in Information Systems 45 45 3

MCS 9205 Trends in Software Engineering 45 45 3

Year Two Semester One and Two

Independent Research and Dissertation Compilation
Year Three Semester One and Two

Independent Research, Dissertation Compilation and Defense
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The PhD programme by coursework and research enables students to major in the 
respective areas pointed out. There are also the subjects of  the programme’s qualifying 
examinations, which must be taken by all students right after completion of  the core 
courses and before they fully engage in doctoral research. This amount of  coursework 
is the minimum acceptable standard for doctoral programmes. Keeping coursework to 
a minimum reflects the explicit intentions of  the programme’s designers of  devoting 
most of  the student’s time and academic credits to doctoral research. The doctoral 
dissertation is the most important outcome of  the student’s doctoral experience, and it 
may be a requirement that it be published in a recognised scientific journal are before 
graduation.

Research Excellence
It is not adequate to define computing research excellence by traditional criteria of  
scientific excellence, as the user community is trans-disciplinary (academic and non-
academic) and have a broader set of  interests. RAOE (2000) also contends that “these 
communities may have different requirements than simply academic excellence or 
wealth creation” (p.10). Computing research excellence may therefore be defined as 
the level of  efficiency or usefulness on enhancement of  wealth-creation and quality 
of  life in society by producing knowledge and the understanding necessary to produce 
designs, implementations and improvements of  computer systems or solutions. These 
computer systems or solutions must lead to an improvement in the quality of  life, 
capacity to generate wealth in the community and above all provide mechanisms for 
sustainability and vitality for these computing research artefacts. 

The areas of  specialty mentioned above conform to the core of  the interdisciplinarity 
of  the research environment, and foster the formation of  new interdisciplinary groups 
and partnerships with industry, government, and universities in research projects of  
mutual interest. 

Through this effort, the university is expected to further develop its current 
computing and engineering research capabilities involving students in greater numbers. 
It is hoped that through this effort, the nation might find a successful model that will 
help in building high academic standards and technological enterprise for the benefit of  
its present and future generations.

Projections, Conclusions and Recommendations
The PhD programme in computing of  Makerere University is attracting many students 
from within the East African region. The first lot of  students enrolled in the programme 
are due to complete by 2006, with the current enrolment shooting an alarming twenty 
plus (20+).  By the end of  two years, the average enrolment is projected at forty students 
per year, and it will be the best in East and Central Africa. This output will boost the 
demand for the labour force within the region and other programmes, such the regional 
master’s programmes in computing. 
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Recommendations

• Formulation of  a sustainability strategy
• Designing appropriate structures, programs and developing plans

However, there have been lots of  problems in the area of  research because of  lack of  
guidelines to the students and content development. It was therefore suggested that the 
PhD programmes should be appropriately handled by introduction of  a two-semester 
examinable coursework and two years’ dissertation writing and presentation.
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