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C h a p t e r  1  

S t a t e m e n t  a n d  A n a l y s i s  o f  t h e  P r o b l e m  

1.1 Introduction 

For most people, in all walks of life, software has become inextricably part of 

their lives.  Software is embedded in modern devices, appliances and machines 

found in homes, businesses and industry. Furthermore, modern society is 

increasingly connected with mobile devices and technologies such as email, 

instant messaging and social media which are all underpinned by the software 

available on these devices.  Software is pervasive in this connected society, and 

governments and businesses have become more and more dependent on 

software when delivering services and products to people.  

 

Figure 1: Internet traffic using mobile phones1  

These services require connectivity and it is interesting to note that a 2015 

report found that in developing countries, more so than in developed 

countries, most Internet traffic was generated by mobile devices (see Figure 1). 

                                                 
1 Taken from http://mybroadband.co.za/news/smartphones/127556-south-africas-big-

smartphone-internet-uptake.html  
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(IBSA) Information Society Annual Programme (IBSA, 2012), both use 

English in business and share a historical British influence and BRICS will, by 

2020, contribute nearly 50% of the world’s gross domestic product (GDP) 

growth (South African Government, 2012). 

South Africa’s impact (economic and social) is rated much lower than that of 

India. The World Economic Forum’s (WEF) Impact Sub-index, which gives 

the broad economic and social impact of countries, ranks India’s position as 

60th compared to South Africa’s 89th position (WEF, 2014).  The growth of 

South Africa’s software industry lags behind that of India according to 

Gartner who states that the Indian software market grew by 10% in 2013 

compared to the 6.3% growth in South Africa (Gartner, 2014). The SA 

software industry thus needs to find ways to develop and grow so that it can 

be competitive and provide the necessary impacts, as India has done. 

A country is classified as developed or developing by the United Nations 

depending on economic conditions (United Nations, 2013). According to the 

UN classification of countries, based on economic conditions, both India and 

South Africa (SA) are listed as developing economies.  

Since India has enjoyed remarkable success as a software developing country, 

its software industry has created many developmental opportunities in terms 

of employment, development of businesses and the establishment of an 

import/export market (UNCTAD, 2012). India’s software success has been 

confirmed in that many of its software producers have attained software 

development capability ratings, e.g. Capability Maturity Model (CMM). India 

was thus chosen to be investigated further to determine what contributed to 

that software success. 

The Indian software industry has been ranked 2nd only to the United States of 

America (USA), a major achievement for a developing country (Rai, 2002), 

(Palmer, 2012). So a study of how India achieved this and continues to sustain 

its software industry could provide useful guidelines for South Africa. 

The UN classification on the other hand lists Ireland as a developed economy. 

Developing countries need to ensure that they continually bridge the digital 
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divide to realize the benefits of ICTs and can learn from each other and from 

developed economies about how to develop their software industries and thus 

strengthen their ICT sector to close the digital divide.  An aim of this research 

is to explore what SA can learn from India (a developing economy) and 

Ireland (a developed economy). 

The success of Ireland’s software industry is recognised internationally and is 

ranked 26th out of a 148 countries in the 2014 networked readiness index 

(Cochran, 2001), (Giarratana, Pagano, & Torrisi, 2003), (WEF, 2014). The 

reason for choosing Ireland as a study subject is because the Irish government 

has a particular interest in SA as it has striven to invest in SA with software 

and IT services as a focus as well as to put an emphasis on education and skills 

development (South African Government, 2015), (Department of Foreign 

Affairs and Aid Ireland, 2015). The Irish government is also assisting SA to set 

up special economic zones (Irish Aid, 2013). It is interesting to note that 

Ireland and South Africa are similar in that they are both “isolated” from the 

USA and the UK and Europe. It would therefore be appealing to look at what 

initiatives and factors played a role in the establishment of the successful 

software industry, not only in India, but also in Ireland. 

Software development can play a major role in attaining the ICT goals, and the 

consequential economic development for South Africa as outlined in the 

National Development Plan 2030 (NDP2030, 2013). Studying the software 

industry in India and Ireland could identify the contributing factors and these 

may have applicability in South Africa and in particular in the Western Cape 

region as an “instance” thereof.  

Since the “landing” of the undersea cables in South Africa, various efforts 

have been made by government and businesses to ensure a connected 

country. Fibre-optic cables have been installed in towns and cities in order to 

advance the Information and Communications Technology (ICT) sector in 

South Africa. This increased connectedness, and, as a result of the provision 

of broadband, has created opportunities for ICT development in specific 

regions such as Gauteng and Cape Town (Gauteng Provincial Government, 

2012), (Wesgro, City of Cape Town, PWC, 2013). At government level a 
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National Development Plan was designed which, amongst other areas, 

outlined the role of ICTs in the development of South Africa (NDP2030, 

2013). 

The Western Cape region is being positioned as the “Digital Gateway to 

Africa” by the City of Cape Town (Wesgro, City of Cape Town, PWC, 2013). 

This publication reports that since 2006 an amount of R1.5 billion has been 

invested in Cape Town’s software and IT services areas. It further states that 

the following are in place to support this sector: an entrepreneurial 

environment; innovation support; venture capital; the presence of four 

universities; opportunities in the IT market in South Africa and others, e.g. 

improved bandwidth.  

One specific example of the software success coming from the Western Cape 

region is the internationally well-known software application which was 

developed by Thawte Consulting. This company was founded by the South 

African Mark Shuttleworth in 1995 (Cape Venture Partners, 2015). The 

software provides a certificate authorization to safeguard financial transactions 

done via the Internet and was later purchased by Verisign (Verisign, 2015). 

There are also other software successes associated with this region such as 

Benguela Technologies (cloud computing), BetTech Gaming (gaming) and 

Celtic Molecular Diagnostics (molecular research) amongst others (Cape 

Venture Partners, 2015). 

1.2 Research problem 

To address the problem of identifying criteria that promote software 

development, the following question can be posed: 

How should software development be promoted and strengthened to develop 

a competitive software industry? 

This question can be refined by asking the following sub-questions: 

• What criteria are important when establishing and growing a software 

industry? 
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• What are the obstacles that could hinder software development? 

• How should developing countries create an enabling environment for 

software development? 

This research effort focused on the software development success of India 

and Ireland. It considered the status of the software industry in SA with a 

specific emphasis on the Western Cape region. 

The research investigated the software ecosystem and made recommendations 

as to which criteria are lacking or need improvement in terms of the 

contribution to software development. 

The South African National Development Plan 2030 was accepted by the 

South African government in 2012 (NDP2030, 2013), (National Planning 

Commission, 2012). In this document, the role of ICTs in the development of 

South Africa’s economy is outlined. In particular the plan mentions the need 

for skills development in enabling and developing the ICT sector and the need 

for closer collaboration between academia, industry and government in 

realising the ICT goals within the NDP 2030 goals. 

1.3 Research framework 

A number of factors and initiatives lead to the successful establishment of the 

software industry in both India and Ireland. Using a content analysis and case 

study approach, a number of high impact publications, documents by credible 

associations (e.g. industry) and trusted web sites (e.g. governments) will be 

used to identify the factors that contributed to this success. As a further case 

study, South Africa’s current status in terms of its software industry and 

software development will be investigated, and the Western Cape’s software 

industry will be evaluated with a survey. 

It is assumed that a study of the software industry in India and Ireland will 

reveal factors which contributed to its establishment and success. These 

factors will be useful for the advancing and strengthening of the software 

industry in SA and in particular the Western Cape region and may have 
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relevance for other developing economies where software industries are 

developing. 

It is also assumed that Software Engineering (SE) is a well-defined discipline 

with a SE code of ethics (IEEE, 2004), (ACM, 1999). Furthermore SE, 

although it can stand-alone as a discipline, is also a knowledge area within the 

body of knowledge of Computer Science and therefore is important as part of 

Computer Science education. 

1.4 Research design and methodology 

The software industry in India, Ireland and South Africa were considered in 

three case studies. A survey was undertaken to explore the software industry 

in the Western Cape region. For the case studies a grounded theory approach, 

incorporating content analysis, was used. 

1.5 Original contribution of this research thesis 

The contribution of this thesis is determining to what extent software 

development can be promoted and strengthened to develop a competitive 

software industry, with a specific focus on the Western Cape province of 

South Africa. 

The results obtained in this regard are as follows: 

• A better understanding of the software industry in the Western Cape 

Province of South Africa and the views of software practitioners. 

• Identification of the challenges faced by the software industry in the 

Western Cape and potential solutions to these challenges.  

• Recommendations on what needs to be done to promote the software 

industry in the Western Cape Province in terms of policy (local, 

provincial and national government), educational (school, tertiary), 

practice and other criteria. 

• Quantitative analysis of a survey conducted in the Western Cape about 

the current status of its software industry.  Measures were identified 

that the Western Cape could adopt to strengthen its software industry. 
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The contribution will be validated against Whetton’s criteria in section 7.5. 

1.6 The IT skills shortage crisis 

It is reported that South Africa is currently burdened by a large estimated 

shortage of ICT professionals (Plaatjies & Mitrovic, 2014). For countries to 

benefit from ICTs and the knowledge economy, skills are essential to ensure 

that the beneficial effects of ICTs are realized (WEF, 2015).  

13%

14%

28%

45%

Skills Shortage Effect

It has no effect

It is threatening our
viability

It is having a minor effect

It is having a major effect

 

Figure 4: Skills shortage adapted from (Joburg 
Centre for Software Engineering, 2014) 

In Figure 4, we see that a shortage of ICT skills can have a major impact on 

the success of business as shown by this South African study (Joburg Centre 

for Software Engineering, 2014). This shortage is being addressed in SA 

through efforts made by tertiary educational institutions and by others such as 

the national Ikamva e-skills institutes (Ikamva National eSkills Institute, 2015). 

South Africa urgently needs 200 data scientists to fill positions within the local 

component of the global Square Kilometre Array radio telescope project 

(SKA Project, 2015). A data science degree, the first in Africa, has been 

introduced at the Sol Plaatje University in South Africa as a first initiative to 

address this need (University World News, 2015). 

The UK has taken urgent new steps to address their shortage of digital 

workers by establishing the National College for Digital Skills (NCDS) which 

will develop software and programming skills for apps, games and analysis 
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methods for (big) data. Its first students will start in September 2016. The 

founding document says that “NCDS will be a centre of excellence, taking a fresh 

approach to the teaching and learning of computing and placing it at the heart of the 

curriculum” (National College for Digital Skills, 2015).  

The Raspberry Pi Foundation, a spin-off from the Department of Computer 

Science at Cambridge University in the UK, also strives to promote 

computing and programming.  This foundation was originally launched in 

2009 to encourage the younger generation to engage in the engineering of 

software, a consequence of a focus on being users of software packages and 

not designers of it (University of Cambridge, 2015).   This ‘generation gap’ 

between engineers and users in regard to Software Engineering has become a 

key factor in the reduction of the skills required to advance the ICT industry 

in the UK, for example. The UK software industry has to rely on recruiting 

software engineers from overseas and/or outsourcing projects abroad.   

1.7 Work-based learning 

Work-based learning bridges the difference between academic learning and 

the work place needs and is an attempt to address skills required by employers. 

Learning occurs within the work place and helps individuals to obtain the 

skills needed to execute their job functions effectively via a partnership 

between the employer and the learning organization such as a university 

(Rhodes & Shiel, 2007). This approach can be applied to address the shortage 

of software engineering skills, particularly in high demand areas such as mobile 

software development. The Learning Tree International is an example of an 

organization which, since 1974, provides work-based IT learning which has 

industry certification and college recognition (Learning Tree International, 

2015). 

1.8 Curriculum relevance 

In the ACM/IEEE curriculum guidelines published under the title Computer 

Science Curriculum 2013, Computer Science (CS) is organized into 18 knowledge 

areas (ACM & IEEE, Computer Science Curricula 2013, 2013).  
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Figure 5: Computer Science as depicted on page 18 
of Computing Curricula 2005 – The 
Overview Report 

Software Engineering (SE) and Software Development Fundamentals (SDF) 

are both knowledge areas within the Computer Science curriculum (see Figure 

5, (ACM & IEEE, Computing Curricula 2005)). These knowledge areas are 

concerned with software development processes which are applicable to 

software being developed in all areas of computing. SE is thus fundamental to 

many areas of Computer Science (e.g. Client-server systems, Mobile 

computing, etc.) and graduates of CS are often employed in areas where they 

need to develop software and subsequently are employed in the broader 

software industry or within departments developing software for non-software 

companies (e.g. banks). 

Besides being part of Computer Science, Software Engineering has also 

matured into a discipline on its own (see Figure 6) with the latest Software 

Engineering curriculum being published as recently as February 2015 (IEEE 

Computer Society and Association for Computing Machinery, 2014). 

Information Systems, as defined by the ACM/Association for Information 

Systems (AIS) lists Systems Analysis and Design as part of its core courses 

(Association for Computing Machinery and Association for Information 

Systems, 2010). Systems Analysis and Design are part of the larger area of 

Software Development and Software Engineering. 
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Figure 6: Software Engineering as depicted on page 
21 of Computing Curricula 2005 – The 
Overview Report 

The software industry and its demand for software developers, is highlighted 

by this research. This industry and its needs are important for academics 

involved in SE, CS and IS. This research is therefore of value to the broad 

community involved in academic teaching, developing software, the software 

industry in general and in particular to stakeholders in the Western Cape 

region who desire to further develop the software industry. 

1.9 Summary and organization of the thesis 

The introductory chapter gave an overview of the scope of the research, the 

research methodology, research contribution and an overview of the 

challenges to provide the necessary skills.  Chapter 2 provides a brief history 

of Software Engineering; the literature is surveyed in Chapter 3; in Chapter 4 

the research design and methodology is discussed; Chapter 5 deals with the 

results of the case studies; in Chapter 6 the overall results are analysed and 

finally in Chapter 7 the conclusions and recommendations will be given. 
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C h a p t e r  2  

S o f t w a r e  E n g i n e e r i n g  H i s t o r y  

The previous chapter introduced the scope of this research thesis. In this 

chapter the main milestones in the history of Software Engineering are 

discussed. 

2.1 Brief history of Software Engineering 

Some Software Engineering milestones worth mentioning are: associations 

and societies emerged with their various publications; programming languages 

and constructs; structured programming and Object Oriented techniques; 

process improvements; programming environments; new SE methodologies 

(e.g. Agile); software crisis; and hardware developments (e.g. integrated 

circuits, PCs). 

2.1.1 The early years 

The 1950’s – Software Engineering was expected to be done like hardware 

engineering; there was a hardware inclination; the names of associations were 

hardware based, e.g. The Association of Computing Machinery and The 

IEEE Computer Society (Boehm, 2006). 

The 1960’s – a number of developments took place in the 1960’s such as: 

improved computing infrastructure (better operating systems, high-level 

languages, e.g. FORTRAN, COBOL); smaller applications (easier to manage 

but spaghetti code difficult to maintain); Computer Science and Informatics 

departments started (more emphasis on software); software development 

companies for profit started; mission-critical software (IBM’s OS/360, Apollo 

mission); ability to provide needed software problematic; code-and-fix still 

prevalent (Boehm, 2006); 

The 1970’s – structured approaches to replace the code-and-fix approach of 

the previous decade; avoid the goto statement; program correctness methods 

(formal and technical/managerial); top-down structured approach; chief 
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• Recommendations on what needs to be done to promote the software 

industry in the Western Cape Province in terms of policy (local, provincial 

and national government), educational (school, tertiary) and other criteria 

(e.g. financial incentives) with applicability to the broader SA software 

landscape and with potential benefits to other countries wanting to 

establish a software industry. 

7.5 Research contribution 

David Whetten in his paper entitled “What Constitutes a Theoretical Contribution?” 

addresses the question about research contribution in his capacity as editor 

for the Academy of Management Review journal and his arguments presented 

there have general applicability. Whetten states that four questions must be 

asked when developing theory. These are what, how, why and who, where and 

when (Whetten, 1989), (Dubin, 1978). The first two questions, namely what and 

how, define the domain (or field) of the research. 

What - what factors should be considered when we study the subject of 

interest, are they comprehensive and has parsimony been considered? 

The initial literature review revealed some of the criteria which contributed to 

the development of the software industry in India, Ireland and SA. Further 

qualitative analysis, with the support of the software tool QCA, identified 

additional criteria which played a role and gave the ability to determine the 

extent of each criterion. Furthermore, the research also started to yield criteria 

which were inhibiting and needed addressing so as to not undermine the 

successful development of the software industry. Thus a comprehensive list 

of “positive/constructive” and “negative/destructive” criteria were identified 

producing a comprehensive list of criteria for the phenomenon under study. 

Whetton defines parsimony as the act of eliminating some criteria since they 

are insignificant in our understanding and explanation of the subject being 

studied. Concerning the matter of parsimony, and bearing in mind the 

comprehensiveness which is desired, it is difficult to apply parsimony to the 

criteria since all had a denotata count of more than 10 and eliminating any 
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software industry and the development of software can benefit a country if 

these aspects are competitive. These three knowledge interests have been 

applied in this research, as shown in the highlighted text in Table 15 

(Ngwenyama, 1991). 

Table 15: Fundamental human knowledge interests 
applied to this research 

Knowledge 
interest  Object of interest Orientation  Knowledge 

products  

Technical 

Natural world 
Social structures 

Prediction 
Control 

Scientific 
knowledge 
Technology 

Software industry 
establishment Initiatives Contributing criteria 

and constraints 

Practical 
 

Social relations 
Tradition 

Mutual 
understanding 

Social 
consciousness 
Humanity 

Contributing criteria 
and constraints 

Impact Supporting criteria 
and constraints 

Emancipatory 

Technology 
Social relations Social Criticism Norms for justice 

Freedom 

New or adapted 
software industry 

Benefits and 
challenges Competitive 

 

7.7 Implications of this study 

There are numerous implications for policy and practice for government, 

industry and education (school and tertiary). 

7.7.1 Implications for government 

Provincial government manages school education in each province and 

should consider exposing learners to software development and coding as 

part of the school education programme. This is already being done at 

schools in the subject Information Technology where programming and 

software engineering principles are taught (Department of Basic Education, 

2011). A related subject is Computer Applications Technology (CAT) which 

is a basic computer literacy subject (Department of Basic Education, 2003). 
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investigating since respondents felt that all these stakeholders should do 

more. Government here includes national, provincial as well as the city of 

Cape Town (Western Cape). The outcome of such a comprehensive research, 

which could be divided into components per stakeholder, would address 

many of the other matters which need further attention, e.g. it is very difficult 

to find staff with the correct software and IT skills according to the survey. 

7.8.2 Specific questions 

The influence of the awareness of software development at school level needs 

attention since the awareness factor was identified by respondents as having 

significant importance in developing the software industry in the Western 

Cape region. Collaboration with schools, by industry and universities in 

fostering this awareness and the forms it will take, needs further research. 

It is important to find out why software practitioners are not aware of 

government policy initiatives which could influence software development 

and the software industry, and what can be done to improve this situation by 

government, IT associations and the software industry itself. 

Innovation was amongst the prominent items mentioned which could 

promote software development. The levels of innovation within ICT in the 

Western Cape region needs further investigation as well as the role of 

stakeholders and the collaboration within the innovation ecosystem. 

Investments, which were also highlighted, need to be considered within the 

innovation system. 

The awareness of technology parks by software practitioners was surprisingly 

low since there is such a technology park in the Western Cape region. The 

reasons for this can be investigated as well as ways to improve this awareness 

so that the benefits of such technology parks can be better understood and 

therefore better utilized. 
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A p p e n d i x  A  

O t h e r  S o f t w a r e  R e l a t e d  S u r v e y s  

Software development survey results from ITWeb 

A software development survey was conducted in 2013 by ITWeb, a 

respected and leading business technology media company providing crucial 

information for SA ICT decision makers (ITWeb, 2014) for almost 20 years. 

The SA software development survey attracted 117 respondents of which the 

majority (28%) held IT specialist positions and so were well placed to answer 

questions particularly those which are technical about the software 

development process. The majority of the companies polled (40%) where IT 

companies (some small and others large) which further underpins the 

technical capabilities of the respondents. The key aspect of the survey was to 

probe the overall success and main causes of failure of software development 

projects and whether development was in-house or outsourced. 

The key findings can be summarized as follows: 

• The majority of respondents (33%) did their own in-house 

development with some skills provision by outside providers and 29% 

completely did in-house development. 

• The first choice amongst most companies (52%) is to develop their 

own software with help from partners. The choice of nearly 32% is to 

buy and customize software. 

• A large proportion of 69% said that they followed a standard software 

development process or life-cycle with the Scrum methodology being 

the most used (16%) followed closely by the Waterfall approach 

(15%). 
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• According to the respondents the main reason for project failure 

(30%) was unclear specifications. 

• The typical length of projects were 4 to 6 months (37%) and 6 to 12 

months (32%) with typically 4 to 6 people (44%) per project 

Chief Information Officer survey results from ITWeb 

A CIO survey was conducted in 2014 by ITWeb, a respected and leading 

business technology media company providing crucial information for SA 

ICT decision makers (ITWeb, 2014) for almost 20 years. The SA CIO survey 

attracted 158 participants.  

About 65% of the response bases are large enterprises – employing over 500 

people. About 22% of the participants, the large grouping, come from the 

financial, banking, insurance and accounting sector. The next highest sector 

was the ICT sector at 13%. The other major groupings, amongst others, were: 

mining and petrochemical (9%); manufacturing (9%) and government at 7%. 

The CIO survey focused on operational priorities, business value of IT, 

sourcing and strategic priorities. 

The key findings can be summarized as follows: 

• About 41% of budgets are in line with the Consumer Price Index 

(CPI) with 17% in fact being above CPI when asked how the current 

year’s budget compares with the previous year. 

• The major spend across many categories (e.g. BI, security, cloud, 

CRM, ERP, etc) was associated with in-house expenditure except for 

infrastructure and connectivity which should both in-house and 

outsourcing strategies. 

• IT is perceived as a strategic business function by 74%. 
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• CIO’s spend the most time (48%) on aligning IT with the business. 

• The lack of skills is the second highest concern at 67% when 

questioned about their biggest concerns. 

• In terms of strategic priorities, only 27% say recruitment and skills are 

a top priority. The top priority at 57% is supporting new business. 

• 43% of CIO’s are actively seeking specific skills; the use of 

contractors and outsourcing is at 22% and internships at 20%. 
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A p p e n d i x  B  

P i l o t  S u r v e y  S t u d y  

Online Pilot Survey Study 

This online pilot case study of software industry in the Western Cape region 

was a preparatory step in response to the research questions which seeks to 

understand its status in this region and what the role of software development 

plays.  

Five responses were obtained anonymously from participants who were 

contacted requesting their assistance. Three were from the educational sector, 

with one involved in teaching ICT and the others in IT management. The 

others were an IT practitioner and a sole proprietor in IT. Their 

organizational size ranges from small to large corporations. 

Summary of findings from the pilot survey study 

The majority did in house management of their ICT strategy. 

Training was mainly offered using a combination of in house and outside 

providers with most requiring a formal qualification when appointing IT staff. 

The respondents indicated that it was difficult finding IT staff to fill 

vacancies. 

A broad range of skills was desired to fill these vacancies. The most pressing 

need was for database specialists, information analyst, programmers, web site 

developers, network specialists, mobile developers and security specialists. 

Universities were identified by most as the institutions responsible for 

developing these needed skills with private training providers and internships 

also featuring prominently. 

The respondents felt that most developers were not aware of applicable 

industry (e.g. IITPSA, CSSA, and IEEE) codes of ethics. The view expressed 
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was that software developers/engineers should be regulated as other 

engineering professions. 

Software development is accomplished using a combination of in house and 

outsourced resources and the majority use an Agile developmental approach 

with the main programming languages being Java and PHP followed by C++ 

and C#. The team size for most was small (less than 20). 

Although most were aware of software process standards and process 

measuring instruments (e.g. CMM, SPICE, ISO/IEC, IEEE), these are not 

implemented or used. The software engineering process steps (e.g. 

requirements, design, implementation and re-engineering) were done using in 

house and outsourced personnel. Testing and maintenance were done in 

house. All these process steps were regarded as challenging with no one in 

particular being identified as the most challenging. Maintenance was mainly 

driven by new functionality needed. 

The project management approach was mainly adhoc. 

The respondents mentioned that bandwidth is adequate but the costs are 

high. 

All respondents were not aware of policies in SA to promote software 

development and the ICT industry but felt that should do more in this regard. 

Activities which government could do to promote the ICT industry: a more 

effective role for SITAs; introduce programming at school levels; promote in 

house training; ICT centres of excellence; more integration between 

universities and companies in terms of internships and more apprenticeships. 

To promote software development, government should: have programming 

competitions at various levels of education; more bursaries; incentivise local 

companies to solve problems in government rather than be dependent on 

overseas solutions; set standards. 
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Universities, all felt, could also do more to promote the ICT industry and 

software development. In terms of the industry, universities could: have 

engineering faculties at all universities; involve high school learners to create 

awareness; collaborate with NGOs and government; more support for 

students; be aware of the gap between what is taught and what industry needs. 

In terms of the software development, universities could: teach the latest 

software languages; develop patents; do more in depth work rather than more 

topics; programming competitions involving high schools and languages 

should be taught which illustrate concepts rather than popular languages. 

The majority felt the IT industry could also do more. In terms of the 

industry: deliver real value; in-house training; offer bursaries; marketing and 

awareness of the IT industry. In terms of software development: offer 

bursaries; collaborate with universities and government; in-house training; 

deliver real value to get recognition. 

The majority were aware of technology parks but there was a divided view as 

to whether these are needed in SA. Respondents felt such parks could: build 

intellectual capacity; put SA on the international map as a developing country. 

Other factors which could promote software development: its value to 

various sectors, i.e. better show the outcome of software development; more 

community involvement. 

Factors which could constrain software development (and possible solutions): 

the education system (identify talent); not recognizing the role/value of 

coding (give recognition); lack of sharing of knowledge/expertise; fear of 

mathematics (address this aspect); 

Learning’s from the pilot survey: 

• A qualification (e.g. degree, diploma, etc.) is desired for obtaining a job in 
the ICT sector. 
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• It’s difficult finding staff with the correct skills. 

• Skills across all ICT job categories are needed with database specialists 
being the most sought after. 

• All education providers (e.g. university, private, companies, etc.) were 
expected to contribute to ICT education. More needs to be done to about 
ethics awareness within these courses. 

• There was a strong feeling that software developers/engineers should be 
licensed/regulated like other engineering professions. 

• There is an awareness of software process standards but these are not 
implemented by most. 

• The main programming languages are Java and PHP and all reported 
small (less than 20) team sizes with the management of these being ad 
hoc. 

• Although the software lifecycle steps are accomplished using in house and 
outsourced resources, maintenance (primarily new functionality required) 
was done mainly using in house staff. All lifecycle steps were equally 
challenging. 

• Although telecommunication infrastructure was adequate, the costs were 
high. 

• None were aware of policies to promote software development but all felt 
that government should do more in this regard. Examples of what 
government could do: programming competitions; school should offer 
IT; bursaries; incentives for local problem solutions; standards for training 
and education. 

• All felt universities should do more to promote software development. 
Examples of what universities could do are: teach latest programming 
languages; encourage patents; more in depth rather than breadth; teach 
generic skills. 

• Most felt that industry should do more to promote software 
development. Examples of what industry could do are: bursaries; 
collaboration with universities and government; in-house training; deliver 
real value to advance the software industry. 
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• Most were aware of technology parks but were divided as to whether 
these are needed in SA. 

• Factors which could promote software development: realization of 
software’s value; incentives; take software to communities to help them. 

• Factors which could hamper software development: education; lack of 
recognizing the importance of software; lack of sharing 
knowledge/expertise; fear of Mathematics. 
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A p p e n d i x  C  

W o r l d  C o n f e r e n c e  o n  C o m p u t e r s  i n  

E d u c a t i o n  p a p e r  

Norman, MJ & Venter, IM. India’s Efforts to Promote Software 
Development – Lessons to be Learnt. Proceedings of WCCE2013, WCCE 2013, 
Toruń, Poland, 1-5 July 2013 (Pages 255-265) (ISBN 978-83-231-3093-2). 
 
India’s efforts to promote software development – lessons to be learnt  
 
Michael J Norman, mnorman@uwc.ac.za, Department of Computer Science, 
University of the Western Cape, Bellville, Cape Town 
Isabella M Venter, iventer@uwc.ac.za, Department of Computer Science, 
University of the Western Cape, Bellville, Cape Town 
 
Abstract 
India, a member nation of the economic forum consisting of Brazil, Russia, 
India, China and South Africa, enjoyed remarkable success as a software 
developing country. The question it raised was: what aspects played a role in 
India’s achievements to establish its flourishing software industry which 
resulted in many economic benefits? A content analysis research approach 
was used to obtain more information on India’s software development 
success. The research approach involved the examination of various text 
sources about the software industry in India. This research revealed that their 
approach included a number of specific key initiatives: enabling policies; 
economic incentives; educational and human resource initiatives; training; the 
existence of a Ministry of Information Technology; establishing computing 
infrastructure such as Software Technology Parks; the adoption of the 
Capability Maturity Model; and, attracting the outsourcing business of other 
countries. A number of policies were enacted which served to promote and 
encourage educational developments within the Information Technology 
sector. A combination of top-down initiatives and bottom-up factors 
collectively contributed to the development of the software industry in India 
which in turn promoted software development/engineering. These initiatives 
resulted in an environment that was conducive to the establishment of a 
vibrant software industry The lessons learnt from India’s success could be 
emulated by South Africa and other developing countries in order to cultivate 
a competitive software industry.  
 
Keywords 
Software, software development, software engineering, computer science, 
information technology, policy, education, developing nation. 
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Introduction 
India, as an emerging/developing member nation of the group of nations 
consisting of Brazil, Russia, India, China and South Africa (BRICS) 
(University of Toronto, 2012), has enjoyed remarkable success as a software 
developing country. This created many development opportunities for India 
such as: greater employment, development of businesses and economic 
benefits in terms of import/export transactions. The Indian Information 
Technology-Business Processing Outsourcing (IT-BPO) expects to exceed an 
income of $100 billion by the end of 2012, which will represent 7.5% of 
India’s Gross Domestic Product (GDP) (NASSCOM, 2012). India has, over a 
period of many years, put in place the required policies, infrastructure and 
training of human resources to achieve this growth in software development 
(Heeks, 1998). Figure 39 depicts the successes India achieved in the 
outsourcing of Information Technology (IT), before 2003, as compared to 
several other countries, some of which are well known for their software 
development successes (BBC News, 2007). 
 

 

Figure 39: IT outsourcing (BBC News, 2007) 

 
It is worth considering what factors contributed to this success so that South 
Africa (and other developing countries) can emulate it by implementing 
similar initiatives to advance its software industries. India and South Africa 
share many commonalities which may be to South Africa’s advantage: the two 
countries are linked via BRICS, are co-operating via the India, Brazil and 
South Africa (IBSA) Information Society Annual Programme (IBSA, 2012), 
use English in business and share a historical British influence. Business 
process outsourcing (BPO) in South Africa does not form as significant a part 
of South Africa’s GDP when compared to India (ZDNet, 2012).  The 
software industry initiatives in South Africa is compared to that of India in 
this article, but the lessons to be learnt from India’s success, has implications 
for other developing countries as well. 
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This research is directed at answering the following questions: How should 
South African educational institutions and its Information Technology (IT) 
industry be transformed or assisted to achieve a similar success in terms of 
software development as India? What key initiatives did India undertake to 
transform its software industry into a world-class competitive industry? 
 
Currently the Indian software industry is only 2nd to the United States of 
America (USA) (Rai, 2002), (Palmer, 2012), a major achievement for a 
developing country (within the BRICS family of nations). How India’s 
initiatives achieved this success could provide information on how to develop 
South Africa’s software industry, especially with regard to its human resources 
development.  
 
A content analysis approach was used to gather data. General academic 
publications about India’s software industry, historical documents (e.g. Indian 
government and embassy web sites), National Association of Software and 
Services Companies (NASSCOM) of India web site and newspaper reports 
were examined and themes were identified. 
 
The key elements (themes), which emerged from this analysis, are that India 
undertook a number of specific initiatives w.r.t software 
development/engineering which resulted in a maturing software industry. 
These key elements are policies and economic incentives, educational and 
human resource initiatives, a Ministry of Information Technology, 
establishment of Software Technology Parks, adoption of the Capability 
Maturity Model and attracting outsourcing business. 

 

Methodology 
The approach involved the examination of various text sources about the 
software industry in India. Text sources included journal articles, as well as 
web sites containing information on India’s software industry. Amongst the 
trusted web sites are those hosted by NASSCOM (NASSCOM, 2012) and the 
official site of the Indian government (Government of India, 2012). Concept 
analysis (Colorado State University, 1993) was implemented by initially 
searching for the existence of phrases such as the software industry in India and 
software development or engineering mentioned within the context of the Indian 
software industry. Writings containing these phrases were considered in the 
light of the research question to determine what measures or initiatives were 
promoted to establish a strong software development/engineering culture, 
which in turn enhanced the software industry in India. 
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Figure 40: Grounded theory model by Hahn (Hahn, 
2012) 

 
The Grounded Theory Process model proposed by Hahn (Hahn, 2012) (see 
Figure 40) guided this pilot study and a diverse set of writings about the 
software industry in India was considered. A number of themes emerged 
from this process which, when analysed, could identify and define  the 
initiatives India took to establish its software industry and what steps in 
particular it encouraged to develop software development/engineering 
education and skills. These themes and categories are discussed in the section 
below. 
 
Results 
The main themes that emanated from the Grounded Theory process and the 
many sources consulted using the level 1 initial coding (see Figure 40) were: 
implementation policies to encourage software development, educational and 
government initiatives, human resources development, the development of 
software technology parks, the adoption of the capability maturity model and 
the acceptance of the outsourced software development of other countries. 
 
Policies 
The Indian government implemented a number of policies which resulted in 
the promotion of the IT industry and in particular the software industry. One 
such major step taken in 1998 was the establishment of the National Task 
Force on Information Technology and Software Development (Chakraborty 
& Dutta, 2002). It’s significant to note that the term Software Development 
appears in the name of the task team, which signalled the importance of 
software development together with the IT industry. Three reports emerged 
during 1998/9 from this task team with a number of recommendations to 
boost the IT industry, e.g. no customs and excise duty on software, all 

Highest level themes 

Main themes/categories 

Many common categories 
identified 

Large volumes of data 
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universities and research institutions to be networked, no license fees for first 
five years for Internet Service Providers (ISPs), and monopolies on 
international gateways removed (India News, 1998). 
 
Specific policies were implemented to encourage software development, these 
included (IT Task Force, 2000): delivery of educational content through 
various computer mandated networks; special financial help to assist training 
and education; special venture capital provided for IT education facilities; 
universities and colleges allowed to establish IT education and training 
companies with the private sector; companies encouraged to set aside 6% of 
revenue to support the Human Resource Development (HRD) sector with IT 
education and training. Thus a multi-pronged intervention, affecting nearly all 
economic activity, was approved in order to propel IT education and training 
and the software industry in general. 
 
Educational Initiatives 
A number of policies were enacted which served to promote and encourage 
educational developments within the IT sector. In the Long Term National 
IT Policy of India, the following initiatives was mentioned which specifically 
impacted positively on IT and Computer Science education (IT Task Force, 
2000): 

 
• All training and education related to IT at all levels will be treated as a 

Service Industry.  

• Special financial instruments will be established to provide capital for 

investment in IT education. Special lower interest rates were 

applicable to IT HRD companies and institutions for these special 

financial arrangements. 

• Special financial packages were made available to start IT HRD 

educational facilities. These were also applicable for non-resident 

Indians (NRI’s). 

• Research was encouraged to ensure the IT goals were achieved. 

• Promoting IT training and education collaboration between public 

funded institutions (e.g. universities) and industry and allowing the 

establishment of education and training companies in this context. 
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• Public funded IT institutions were allowed to attract community 

funding to assist in upgrading these institutions. 

• All companies were encouraged to set aside 6% of revenue for 

investment in IT training and education and could allocate such funds 

to an institution of their choosing. 

• Government and IT HRD companies would strive for 100% IT 

literacy within 5 years at senior secondary schools and within 10 years 

at secondary schools. 

• All engineering institutes were mandated to ensure that graduates 

were able to not only work in the IT sector, but also in the IT enabled 

services sector. 

• Specific academic policies to advance IT training and education were 

implemented. 

• National infrastructures in support of IT HRD were developed, e.g. 

government and industry would build a high speed national network 

backbone. 

• Various financial schemes were developed to allow more money be 

made available for IT training, education and research, e.g. IT 

investments by IT HRD companies would be deductible. 
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Table 16: Academic policies to advance IT training 

Special encouragement for emphasis on the advanced IT education and 
specialized areas. 
IT HRD companies were allowed to be linked to universities (local and 
abroad) giving them the ability to award degrees. 
Indian Institutes of Technology (IIT’s) and Indian Institutes of 
Information Technology (IIIT’s) were allowed to establish Virtual 
Institutes to promote advanced post graduate studies and continuing 
education in IT. 
Education in Computer Science was encouraged alongside the basic IT 
skills and education. 
Upgrading the remuneration of IT teachers/lecturers and IT professionals 
(in general) to retain these people within India. 
Student performance and their placement in industry to be publicized by 
institutions. A credit rating system for IT HRD institutes was envisaged. 
The uses of IT within education delivery from all levels were encouraged. 
Aptitude tests were developed to determine which students (e.g. using a 
ranking system) will be well suited for studies in IT. 
A system of continuous assessments (rather than terminal examinations) 
were used to assess the various knowledge levels needed by IT 
professionals. 
National IT competency examinations were undertaken. 
Institutions allowed (via autonomy) to design own IT courses and modify 
these as often as needed. 
Students can complete IT courses at different institutions and then sit for 
completing IT examinations. 
Respected international Computing organizations such as the Association 
for Computing Machinery (ACM) (ACM, 2012) and the Institute of 
Electronic and Electrical Engineers (IEEE) (IEEE, 2012) were invited to 
participate in development of ethics and standards in IT courses. 
Employer organizations (e.g. NASSCOM) would similarly be involved. 

 
Ministry of Information Technology (MIT) – A Government Initiative 
 
The Ministry of Information Technology (MIT) (Government of India, 2012) 
was established in 2000 to create a co-ordinated department within 
government for national IT policy development and implementation 
(Drozdowski, Huynh, Lininger, Peng, & Sakulyong, 2007). Prior to this 
formation, a number of different bodies within the government were 
promoting IT, but this new ministry would serve to integrate and co-ordinate 
these initiatives to be more effective. The establishment of this ministry 
shows the commitment and seriousness with which the Indian government 
viewed the development of the IT industry as part of developing its economy. 
Three areas in particular were identified as the core initiatives undertaken by 
MIT to promote the IT industry (Nagala, 2005): co-ordination of 
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government’s initiatives (e.g. policy) within IT advancement; the 
establishments of Software Technology Parks (STP’s); and the harnessing of 
the skills and influence of Indians who had left India to pursue jobs and 
businesses in other countries such as the USA. 
 
Human Resource Development 
The establishment of various Institutes of Information Technology at the 
higher education (i.e. university) level by the Ministry of Human Resource 
Development sought to increase the human resource development in IT. An 
example of such an institute is the International Institute of Information 
Technology (IIIT) at Hyderabad (IIIT-H) which was established in 1998 
(International Institute of Information Technology, 2012) with a focus on 
Computer Science, Electronics and Communications, It is an autonomous 
university built on a public private partnership and was the first one using this 
model. There are a number of similar International Institutes (Wikipedia, 
2012). 
 
The Indian Institute of Information Technology, Allahabad (IIIT-A) was 
established in 1999 by the Indian Government to further advance education 
and training in IT and related areas (Indian Institute of Information 
Technology, 2012). The IIIT-A obtained university status in 2000.There are 
also a number of Indian Institutes of Technology (Indian Institute of 
Information Technology, 2012) such as the Indian Institute of Technology, 
Mandi (IIT Mandi) (Indian Institute of Technoloy Mandi, 2012) which offers 
courses in Computer Science via its School of Computing and Electrical 
Engineering. IIT Mandi is one of sixteen similar Institutes established by the 
Institutes of Technology Act of 1961 and the Institutes of Technology 
(Amendment) Act of 2012 (The Gazette of India, 2012). 
 
Software Technology Parks 
The establishment of Software Technology Parks (STPs) was a key vehicle in 
promoting the interaction or collaboration between government, private 
business, academia and foreign organizations in order to further advance the 
software/IT industry in India and in particular the export capabilities (Nagala, 
2005) (Vaidyanathan, 2008). These STPs were an initiative of the Ministry of 
Information Technology and allowed various economic incentives to attract 
investment (e.g. 100% tax rebate for export profits) (Vaidyanathan, 2008). 
The interaction of the various role players at the STPs allowed research, 
development and innovation to take place and offered an environment where 
incubation was encouraged. The first STPs were established in 1991 at 
Bangalore, Pune and Bhunaneswar (Drozdowski, Huynh, Lininger, Peng, & 
Sakulyong, 2007) with high speed Internet connectivity plus the necessary IT 
infrastructure and other facilities (e.g. telephone, back-up, etc.) needed 
(Vaidyanathan, 2008). 
 
Amongst the key objectives of the STPs was training and human capital 
development (Drozdowski, Huynh, Lininger, Peng, & Sakulyong, 2007). Thus 
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STPs were places where software development and software engineering was 
strengthened within India. 
 
Adoption of the Capability Maturity Model 
The Software Engineering Institute (SEI) established at the Carnegie Mellon 
University in 1984 (Software Engineering Institute, 2012) has developed the 
Capability Maturity Model (CMM) and CMMI (CMM Integration) to measure 
the maturity of software engineering processes and to improve processes to 
ensure quality software production (i.e. software which is reliable, efficient, on 
time, within budget). There are a number of maturity levels starting at 1 
(Initial), 2 (Repeatable), 3 (Defined), 4 (Managed) and 5 (Optimizing) 
(Herbsleb, Zubrow, Goldenson, Hayes, & Paulk, 1997) with level 5 being the 
most respected. India encouraged the adoption of the CMM to attract foreign 
companies to outsource programming and software engineering to Indian 
based companies (Drozdowski, Huynh, Lininger, Peng, & Sakulyong, 2007). 
In fact in 1999, the Indian company Wipro was the first level 5 company in 
the world (Lahagu, Capps, Lingareddy, Mundanda, & Sumitsawan, 2001) and 
this was evidence of India’s seriousness in improving its software production 
processes in support of its software industry. This attracted outsourcing to 
Wipro and subsequently many more India software companies achieved 
various levels on the CMM rating scale (Drozdowski, Huynh, Lininger, Peng, 
& Sakulyong, 2007) attracting even more outsourcing. 
 
Outsourcing software Engineering to India 
Outsourcing or Business Process Outsourcing (BPO) is a business model or 
strategy whereby a company in one country (e.g. USA) outsources some 
business process or activity (e.g. software engineering) to another country (e.g. 
India) (Mehta, Armenakis, Mehta, & Irani, 2006). This model was preferred 
by many USA based software companies because of the cost reduction (e.g. 
lower labour costs) in India together with a well-educated English speaking 
engineering graduates who had been trained in Computer Science and 
Software Engineering (Lahagu, Capps, Lingareddy, Mundanda, & 
Sumitsawan, 2001). These factors, as well as the initiatives outlined in the 
earlier sections (e.g. legislation which opened the economy to attract foreign 
investment), all played a role in attracting software development projects to 
India. 
 
Discussion 
A combination of top-down initiatives and bottom-up factors collectively 
contributed to the development of the software industry in India which in 
turn promoted software development/engineering. 
 
The top-down initiatives are those policies, which were devised and 
implemented by the Indian government, which resulted in a friendly 
environment that was conducive to the establishment of the Software 
Industry. Amongst the key strategies were the founding of the Ministry of IT, 
the opening up of the economy to attract foreign investment, the provision of 
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Internet access, the development of software parks, promoting Computer 
Science and IT education, training through various vehicles and the 
acceptance of the CMM as a way to instil confidence in the software 
development/engineering process through improved quality. 
 
The bottom-up factors are those factors which supported the top-down 
initiatives due to earlier efforts to improve education. One key factor was a 
large English speaking work force educated in Engineering via the IIT’s and 
later the IIIT’s that were available for incorporation within the software 
industry. The cost of this software engineering labour was relatively 
inexpensive compared to employing an American software engineer. It was 
furthermore important that the software work products produced by these 
engineers were of the highest quality. This required a quality framework such 
as the CMM or some other form of certification which ensured a process 
which leads to quality software. 
 
The general lesson for developing countries is that, in the first instance, the 
overall economic policies and the resulting investment environment, in its 
broadest scope, must be such that companies from other developed countries 
would want to outsource software development/engineering to the 
developing country. Along with these economic incentives, sufficiently 
educated people in Software Engineering, IT and Engineering, with English 
fluency needs to be in place as well adequate provisioning of high speed 
connectivity and Internet facilities. 
 
In South Africa, the government IT initiatives (at national level) are 
spearheaded under the more broader Information and Communications 
Technology (ICT) plan of the Department of Communications (DoC) 
(Department of Communications, 2012). The DoC also oversees a number of 
portfolio organizations such as the South African Broadcasting Corporation 
(SABC), the South African Post Office (SAPO) and the Independent 
Communications Authority of South Africa (ICASA) amongst others. The 
DoC has set itself the goal of using ICT’s to improve the quality of people’s 
lives through socio-economic development. In the DoC’s Strategic Plan 2011-
2014 (South African Government Information, 2011) mention is made of the 
following initiatives and plans within ICT relevant to this discussion: ICT 
policy and legislation; incentives to develop ICT’s and attracting BPO; an 
Integrated National Broadband Plan and ICT infrastructure; e-skills Institute 
and increased ICT skills; and establishing an International Advisory Panel 
consisting of specialists to advise on ICT matters. 
South Africa’s National Research and Development Strategy (SA 
Government, 2002) also recognizes the important role of ICT and sets itself 
the goals of building strong research and development in ICT. A number of 
matters related to ICT development will be given attention to promote ICT, 
e.g. equipment, skills, and innovation. 
South Africa supports a National System of Innovation (NSI) which was 
recently reviewed (Department of Science and Technology, 2012). This report 
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contains many references to ICT’s and the importance of the knowledge 
based economy. The report acknowledges that past efforts within the NSI has 
not achieved the desired affect and makes a number of recommendations to 
improve the NSI which no doubt will result in an improved ICT 
infrastructure and human resources which will advance innovation within the 
ICT sector. Specific mention is made of adequate broadband provision for 
participators in the innovation system as well as the importance of software 
development. The importance of SANReN (South African National Research 
Network) within the innovation system for a knowledge based economy is 
emphasized. 
 
South Africa’s (SA) Department of Trade and Industry (DTI) has recently 
announced improved incentives to attract BPO. The new scheme makes it 
20% cheaper to establish BPO operations in SA (IT News Africa, 2011). 
 
At the provincial government (regional) level, the Gauteng Provincial 
Government (GPG) has presented an ICT development strategy which, 
amongst its objectives, lists the following: public-private collaboration; 
innovations; broadband and network infrastructure; ICT skills and building a 
software industry (Gauteng Provincial Government, 2012). This strategy 
mentions that all the basic building blocks (e.g. largest concentration of ICT 
companies, economic capital, universities, etc.) already exist but needs co-
ordination to establish an ICT innovation hub. The CPG has also recently 
launched the Gauteng Growth and Development Agency (Gauteng Growth 
and Development Agency, 2012) which incorporated the earlier Blue IQ 
initiative with one of the objectives being the promotion of The Innovation 
Hub (a Science Park). This hub has a focus in IT/ICT research and 
innovation in particular. 
 
South Africa has five Science/Technology Parks listed by the United Nations 
Educational, Scientific and Cultural Organization (UNESCO) (UNESCO, 
2012). These parks are not specific to any particular type of industry or 
business but are of a general nature accommodating different types of 
enterprises. The technology park close to the town of Stellenbosch (near Cape 
Town) called Technopark (Technopark, 2012) has a concentration of 23 
companies listed under its software category and is in close proximity with 
four universities for collaborative ventures. 
 
Another local-based initiative to promote ICT is the Cape Information 
Technology Initiative (CITi) (Cape Information Technology Initiative, 2012) 
which is a collaborative effort by the city, provincial authorities, universities 
and business to promote the technology sector which includes IT and 
software development. 
The Joburg Centre for Software Engineering (JCSE, 2012) is a collaborative 
effort between industry, government and academia with the aim of promoting 
software development, software engineering and the ICT industry in SA. This 
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centre is also encouraging the use of the CMM to strengthen software 
processes. 
 
Conclusion 
A multi-pronged strategy or approach could lead to the successful 
establishment of a competitive and viable software industry. To achieve this, a 
number of basic building blocks need to be in place IT friendly economic 
policies; Internet and IT infrastructure; innovation and collaboration between 
universities/research bodies and industry; process management; and 
Computer Science and Engineering education.  
 
This study of the software industry in India shows that it is possible for a 
developing country to establish a competitive software industry, which can 
attract foreign investment, create jobs and contribute to the overall economic 
improvement. Lessons learnt on how India made this possible would be 
worth noting for South Africa if it wishes to establish a competitive software 
industry. South Africa’s Research and Development Strategy and its 
innovation efforts does create a broad environment in which ICT in general is 
recognized as important and in need of promotion for the knowledge 
economy. South Africa’s current framework for the promotion of its software 
industry would need to be more focused (e.g. the establishment of an IT 
ministry) with emphasis on IT and software promotion, if it were to emulate 
the software successes of India. Furthermore, South Africa would need to 
strengthen its Computer Science education (for example through higher 
funding levels) and encourage more software institutes modelled in a similar 
way as the Joburg Centre for Software Engineering. 
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