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ABSTRACT

The Information and Communication Technology (ICT) landscape is characterised by rapid
innovation of digital technologies that are disrupting industries globally. These changes are
so pervasive that it is now common cause that the industrial economy is transforming into a
knowledge economy. This economic transformation led to the obsolescence of successive
device models and production processes which render workers' previous skills, knowledge
and competencies obsolete and out of date. Consequently, the gap between education and
work requirements widens, posing enormous challenges for the education and training sector
to produce graduates with relevant knowledge, skills and competencies. South Africa is no
exception to these realities. Therefore, it is important to ask whether the country’s education
and training institutions provide appropriate educational programs and qualifications, which
are relevant to the needs of the knowledge economy.

In 2007 the South African government introduced the National Certificate Vocational-
Information Technology and Computer Science (NCV-IT) qualification at Technical and
Vocational Education and Training (TVET) colleges to meet the skills demands of the
‘modern’ South African economy. The thesis considers this curriculum against the
background of the ongoing technological advancements and digitization of the knowledge
economy.

The purpose of the thesis is to determine the relevance of the current national NCV-IT
curriculum to the knowledge and skills needs of the South African ICT industry. This is
achieved by describing the curriculum against the background of international models and
then by interviewing representatives from industry to ask about the skills they need from
graduates and what they consider gaps in the education of recent graduates from TVET
colleges that they've employed.

Using purposive sampling strategies, representatives from fifteen companies from the South
African ICT industry were questioned using semi-structured interviews with open-ended
answers. Their answers about their needs were compared with a description of the current
national NCV-IT curriculum based on a document review.

The findings of the comparative analysis reveals a fit-gap between the current national NCV-
IT curriculum and the South African ICT industry’s knowledge and skills needs from entry
level IT employees. The conclusion offers recommendations regarding the urgent need to
review and update the current national NCV-IT curriculum in order to align it to the South
African ICT industry’s knowledge and skills needs.
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OPSOMMING

Die Inligting- en Kommunkasietegnologie (IKT) landskap word gekenmerk deur versnelde
innovasie van digitale tegnologie wat industrie€¢ wéreldwyd ontwrig. Hierdie veranderinge is
so ingrypend dat dit nou algemeen aanvaar word dat die industri€le ekonomie besig is om in
'n kennis ekonomie te verander. Die ekonomiese transformasie lei tot die veroudering van
opeenvolgende stelselmodelle en produksieprosesse wat die werkers se bestaande
vaardighede, kennis, en bevoegdhede toenemend verplaas. Gevolglik word die gaping tussen
die onderwys en opleiding van werkers en die uiteindelike werksvereistes al hoe groter.
Hierdie realiteit bied enorme uitdagings vir die onderwys- en opleidingsektor om graduandi
te lewer met toepaslike kennis en vaardighede. Suid-Afrika is in die verband geen
uitsondering nie en dit is daarom belangrik om te vra tot watter mate die land se onderwys-
en opleidingsinstansies toepaslike opleiding en kwalifikasies verskaf om aan die behoeftes
van die kennis ekonomie te voldoen.

Die Suid-Afrikaanse regering het in 2007 die Nasionale Sertifikaat Beroeps-
Inligtingstegnologie en Rekenaarwetenskap (NKV-IT) kwalifikasie by Tegniese en
Beroepsonderwys en -opleiding (TVET) kolleges ingestel om aan die vaardigheidsbehoeftes
van die 'moderne' Suid-Afrikaanse ekonomie aan te spreek. Die tesis ondersoek hierdie
kurrikulum teen die agtergrond van die voortgesette tegnologiese vooruitgang en
digitalisering van die kennis ekonomie.

Die doel van die tesis is om die relevansie van die huidige kurrikulum te bepaal in terme van
die kennis- en vaardigheidsbehoeftes van die Suid Afrikaanse IT-industrie. Dit word gedoen
deur die kurrikulum te beskryf en te vergelyk met internasionale modelle en dan in
onderhoude met verteenwoordigers van die IT-industrie uit te vra oor die vaardighede wat
hulle nodig ag by nuut gegradueerdes uit die TVET-kolleges wat hulle indiens geneem het.

Deur middel van 'n doelgerigte steekproefstrategie, is verteenwoordigers van 15 maatskappye
in die Suid Afrikaanse IT-industrie uitgenooi om aan 'n semi-gestruktureerde onderhoud deel
te neem. Hulle antwoorde oor die maatskappy se behoeftes is vergelyk met die beskrywing
van die huidige NKV-IT kurrikulum gebaseer op 'n document-analise.

Daar is bevind dat daar wel 'n beduidende gaping is tussen die huidige nasionale NKV-IT
kurrikulum en die behoeftes van plaaslike IT-maatskappye met betrekking tot intree-vlak IT-
werknemers. Aanbevelings word ten slotte gemaak oor hoe om die NKV-IT kurrikulum te
hersien ten einde dit in lyn te bring met die kennis en vaardighede wat die Suid Afrikaanse
IT-industrie vereis.
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Chapter 1: Introduction

1.1 Introduction

This chapter introduces the following: background to the research problem, problem
statement, research question and sub-questions, hypotheses, research aims, research
objectives, significance of the study, delimitation of research, assumptions, definitions of key
terminology and concludes with a brief overview of chapters comprising this research.

1.2 Background to the research problem

The 21 century has witnessed a dramatic increase in the production, adoption and use of
technologies. Several industries are being transformed as novel products and services such as
smart cars, autopilot, farmerless farms, automated medical diagnosis and prescription
dispensing, 3D printing and online shopping enter the markets. Schwab (2015) posits that we
are standing on the brink of a technological revolution that is and will continue to
fundamentally change the way we work, learn, play and relate to each other. This revolution
is referred to as the 4™ industrial revolution (WEF, 2015, 2016; Schwab, 2015; Infosys,
2016). It is characterized by massive and complex digitization and high speed innovation
based on combinations of technologies, which are blurring the lines between the physical,
digital and biological spheres (Schwab, 2015). Whilst the previous industrial revolutions
were industry or product specific; the 4™ cuts across all industries.

The racing technological changes are disrupting every industry globally. The World
Economic Forum (WEF, 2015) report on The Disruption of Unemployment states that these
economic and technological disruptions lead to changes in the nature of work and
occupations as business models change. This changes the skills that employers need and
shortens the shelf life of employees’ existing skill sets (WEF, 2016). Many traditional jobs
and occupations are being transformed and previous skills, knowledge and competencies are
rapidly becoming obsolete. As a result, education and work have drifted apart and will
continue to do so (Allais, 2011) subsequently posing enormous challenges for the education
and training sector, as it must produce graduates with relevant knowledge, skills and
competencies. For this reason, the education sector needs to transform and adapt to these
changes in order to keep in touch with industry and workplace needs of the 21% century
(Houghton and Sheenan, 2000; McGrath ef al., 2010; Webb et al., 2017).

According to Stiglitz (1999) and Newell et al. (2009), this Information and Communication
Technology (ICT) driven technological revolution is transforming the industrial economy
into the knowledge economy. The World Bank (2003:1) defines a knowledge-based economy
as an economy that “relies primarily on the use of ideas rather than physical abilities and on
the application of technology rather than the transformation of raw materials or the
exploitation of cheap labour”. Relatedly, Guruz (2011:6) posits that “a global economy is
characterized by the increased importance of knowledge, both know-how and information
and a well trained workforce that not only can apply know-how but also capable of analysis
and decision making based on information”.

From the preceding paragraph, it is clear that in order to participate in the global knowledge
economy; graduates need to possess knowledge and skills that meet the requirements of the
knowledge economy. It is more so for information technology graduates, as computer
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scientists and information technologists sustain the competitive edge of organizations and
support innovation and development across all industries in a technology driven world (Webb
et al., 2017). Therefore, as the speed of change in the knowledge economy means that skills
depreciate much more rapidly than before, there is need for information technology
curriculum to keep pace with the current technological advances in order to meet employers’

needs (World Bank, 2003).
South Africa and technology revolution

South Africa is no exception to the realities mentioned in the preceding sections, since
according to Engineering News (2012) cited in the Media, Information and Communication
Technologies Sector Education and Training Authority (MICT SETA) Sector Skills Plan
report (2012:25)

South Africa is the 20" largest consumer of IT products and services in the world. It is
characterized by technology leadership, particularly in the field of electronic banking
services. South African IT companies are world leaders in pre-payment, revenue
management and fraud prevention systems and in the manufacture of set-top boxes,
all exported successfully to the rest of the world.

Additionally, South Africa is home to several subsidiaries of international Information
Technology (IT) companies who are world leaders in the field of ICT (MICT SETA, 2012),
and the number keeps on increasing (JCSE, 2016). The presence of these companies means
the country’s ICT industry is moving at the same pace as that of developed countries (JCSE,
2016). Gartner, an international research group rates South Africa among the top thirty of
software development countries globally (MICT SETA, 2012). Also, the last two decades
have seen the country’s ICT industry emerge as an ultramodern sector (Gillwald ef al., 2013)
as well as the largest in Africa, with a Gross Domestic Product (GDP) of over R300 billion in
2013/14 (MICT SETA, 2015). Therefore, it is apparent that South Africa is an active
participant and is among the leaders in the development, application and use of ICTs.

As mentioned earlier, information technology graduates need to possess relevant knowledge
and skills required by employers and South Africa is no exception. It is therefore important
that information technology courses and qualifications offered by the country’s training
institutions are in line with the needs of the local ICT industry. This therefore calls for a
review of ICT courses such as the National Certificate (Vocational) (NC (V)) which is
offered in South Africa.

National Certificate (Vocational)

In order to meet the skills demand of the ‘modern’ South African economy, in 2007, the
government introduced a fully funded official curriculum; the National Certificate
(Vocational) offered by Technical Vocational Education and Training (TVET) colleges,
formerly Further Education and Training (FET) colleges (Department of Higher Education
and Training (DHET), 2009; DHET, 2013). The NC (V) curriculum was introduced to reduce
skills shortages in South Africa (National Skills Development Handbook 2010/11, 2011;
DHET, 2011; Dzvapatsva et al., 2014). The NC (V) programmes are offered across many
academic disciplines including Information Technology. The qualification in Information
Technology that one gets after completion is called National Certificate (Vocational)
Information Technology and Computer Science (NCV-IT).

According to the DHET report on the Conduct of National Examinations 2009 “The NC (V)
programmes are intended to respond directly to the priority skills demands of the modern
South African economy by exposing students to high skills and knowledge” (DHET 2009:5).
However, eleven years after the inception of the programmes and eight years after the first
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NCV-IT graduation, the ICT industry in South Africa is still grappling with unprecedented
levels of skills shortages (Lotriet et al., 2010; Mohlala et al., 2012; MICT SETA, 2012, 2015;
South Africa, 2014a, 2014b, 2016; Kumar, 2017). Since 2007, the Department of Home
Affairs (DHA) has been granting work permits to foreign nationals under scarce and critical
skills categories in an attempt to reduce skills shortage (in the short term) within the ICT
industry and other identified areas (South Africa, 2014a). Despite the above interventions
(offering permits- perceived short term and introducing the NCV-IT course- perceived long
term), more than a decade later, the department is still issuing these permits to information
technology professionals; indicating a lack of local candidates with knowledge and skills
required by the South African ICT labour market.

Therefore, the perceived long term intervention is failing to fulfil its mandate. The ICT skills
gap continues to widen, yet on the other hand, the TVET sector through NC (V) programmes
continues to produce graduates. Whilst this could be attributed to a number of factors such as
a growing ICT industry, this study was triggered by DHET’s White Paper for Post-school
Education and Training conclusion that TVET graduates are not finding employment easily
(DHET, 2013). The Further Education and Training Institute (FETI) (2012) and Kraak (2010)
also make the same observation. Crucially, Kraak (2010) states that there is high
unemployment rate of TVET graduates who hold qualifications in scarce skills areas such as
information technology and sciences. Lotriet ef al. (2010) also observes that employers are
struggling to fill up ICT vacancies yet there are ICT graduates failing to secure employment.
This is puzzling as according to South Africa (2006: 82) “the NC (V) at L4 on the National
Qualifications Framework (NQF) enables students to acquire the necessary knowledge,
practical skills, applied competence and understanding required for employment in a
particular occupation or trade, or class of occupations or trades ..” Similarly, Oketch
(2007:221) citing Tilak (2002) also agrees that “TVET produce ‘specific human capital’
which embodies the advantage of imbibing specific job-relevant skills that can make the
worker more readily suitable for a given job ...” This should also be applicable to NCV-IT, a
vocational qualification.

Whilst failure to secure employment by NCV-IT graduates could be attributed to many other
reasons, this study focuses on knowledge and skills imparted by the NCV-IT programme
given the rapid technological changes and high speed innovation of the 4" industrial
revolution. As mentioned earlier, South Africa is amongst the world leaders in ICTs and as
such, technological advances are disrupting the country’s ICT labour market. It is against this
background that this study sets to investigate the relativeness of the current national NCV-IT
curriculum to the ICT industry needs in the wake of the knowledge economy. In other words,
the study seeks to ascertain any gaps between knowledge and skills imparted by the
programme and the needs of the ICT industry.

Related to the above, Papier ef al. (2012:22) noted that there is need for research “on the
nature of knowledge required for uplifting the skills and knowledge base and the impact of
these views on college curricula/offerings”. They further note that “the relationship between
labour training needs (as far as these may be ascertained) and FET college
programmes/curricula” need to be researched (ibid). Allais (2011:17) also points out the need
for research on “the kind of knowledge which is the basis of vocational qualifications and
occupations”. This involves looking at the relationship between vocational qualifications
(knowledge and curriculum), and market. The National Skills Development Strategy III
(NSDS III) published by DHET also notes that there is limited research on public FET
colleges’ programmes, strengths and weaknesses (DHET, 2011). Houghton and Sheenan
(2000) also alluded to the importance of assessing knowledge and skills possessed by current
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and future employees to determine human capital needed in order to build economies. It is
also against these gaps that this study is undertaken.

This study is also motivated by conclusions made by some researchers (Lotriet et al., 2010;
Allais, 2011, 2012) that South Africa should look at how new forms of ICT training and
education, that is; how programmes and curriculum are designed and implemented in order to
effectively address industry needs and skills shortages. In other words, focus should be put on
curriculum so as to bring the worlds of work and education close to each other. The WEF
(2016) concurs that the ability to understand the current skills base, accurately forecasting,
anticipating and preparing for future job contents and skills across all industries is
increasingly becoming critical for businesses, labour, workers and individuals. Allais (2011)
notes further that education should not only focus on short term employer needs but also on
strengthening vocational education by building a strong curriculum based on clearly defined
knowledge areas. These arguments align with the World Bank (2014) that pointed out that
African tertiary education is not keeping pace with the continent’s labour needs; and
recommends that local graduates should have up to date skills and knowledge so as to address
skills deficit in the continent’s booming sectors such as extractive industries, ICT and
agriculture. George (2006) also points out that in a knowledge-based economy, educational
institutions should put more emphasis on programme content rather than institutional
structure. In light of this, there is greater need to analyse the current NCV-IT curriculum in
order to determine whether it is aligned to the South African ICT industry needs in the wake
of the knowledge economy.

1.3 Problem Statement

The national NCV-IT curriculum purports to play a significant role in ensuring adequate ICT
skills given the trend towards greater digitization of all sectors of the South African economy.
Whether the curriculum is relevant and/or effective is not clear. An investigation into the
relevance of the current national NCV-IT curriculum to the needs of the ICT industry in
South Africa in terms of knowledge and skills in the wake of the knowledge economy is vital.

1.4 Research question

How relevant is the current national NCV-IT curriculum to the knowledge and skills needs of
the ICT industry in South Africa?

In order to answer the main research question, the following sub-questions need to be
answered:

a) What are the current skills and knowledge imparted by the NCV-IT curriculum?
b) What are the current knowledge and skills needs of the ICT industry in South Africa?
c) What are the identified gaps between NCV-IT curriculum and knowledge and skills
needs of the ICT industry in South Africa?
An investigation around the above questions addressed the research problem.

1.5 Research aims

The aims of the research project were:

i.  To ascertain the relevance of the NCV-IT curriculum to the ICT industry’s knowledge
and skills needs in South Africa.
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ii. To determine the challenges militating against the NCV-IT curriculum from
producing capable graduates who can ‘fit’ and participate in the ICT industry and the
economy as a whole.

1.6 Research objectives

The objectives of the research were:

i.  To identify current skills and knowledge imparted by the NCV-IT curriculum.
ii.  To identify current knowledge and skills needs of the ICT industry in South Africa.
iii.  To determine the existence or non-existence of knowledge and skills gaps between the
NCV-IT curriculum and the ICT industry needs in South Africa.
iv.  To draw conclusions about the relevance of the current national NCV-IT curriculum
to the knowledge and skills needs of the ICT industry in South Africa.

1.7 Significance of the study

The study is significant in many ways. Firstly, to the researcher’s knowledge, it is not known
how relevant the current national NCV-IT curriculum is in terms of knowledge and skills
needs of the ICT industry in South Africa, in the context of the knowledge economy. It is
anticipated that this research will contribute to knowledge creation in this area. Secondly, this
research will enlighten and help bridge the relevance gap between the knowledge and skills
imparted by the NCV-IT qualification, with the needs of the ICT industry in the wake of the
knowledge economy. Thirdly, it will enhance partnerships between government, training
providers, curriculum developers and employers to better manage the impact of the 4®
industrial revolution on knowledge, skills and education. Fourthly, it will intermediate
knowledge (Information Technology) exchange between the TVET sector, government and
businesses. Fifthly, the study may raise awareness levels among the readership on the value
of NCV-IT qualification in line with the performance of the ICT sector in South Africa.
Finally, there is need for close corporation between ICT training institutions, governments
and organizations in order to build a ‘true’ 21% century curriculum (WEF, 2016). This study
is a significant step towards that goal as employers’ knowledge and skills needs in a
knowledge-based economy can be mapped and incorporated in the NCV-IT curriculum.

1.8 Delimitation of research

According to Ogude et al. (2005), for higher education to respond to the needs of the
knowledge economy in the South African context, curriculum must be responsive. They
further state that curriculum must meet and respond to society’s economic (labour market),
institutional, cultural, disciplinary, pedagogical and learning expectations and needs. This
study only considered economic responsiveness of the current national NCV-IT curriculum,
in order to determine the relevance of knowledge and skills imparted by the curriculum,
against the human resources needs of the ICT industry in South Africa in the wake of the
knowledge economy. This is because the study was aimed at ascertaining why NCV-IT
graduates are finding it difficult to secure employment yet on the other hand the ICT industry
is experiencing massive skills shortages (both entry and high level). This helped to clearly
understand the impact of the ICT driven knowledge economy on ICT jobs, knowledge and
skills in the South African context. The other dimensions of curriculum responsiveness are
concerned with individuals and institutions’ identities and how the content is delivered.
These have little or no impact on knowledge and skills required to complete a task or secure
employment in the ICT industry.
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The scope of this study was limited to knowledge and skills required by an NCV-IT graduate
for entry level employment. In other words, focus was on what knowledge and skills are
required in order for one to successfully complete his/her duties or tasks in a given entry level
job or occupation in the ICT industry. Only entry level employment was considered because
the highest level of the current NCV-IT qualification is Level 4 on the National
Qualifications Framework. At NQF Level 4 one is not expected to get into high level
employment (DHET, 2012). Also in general, vocational graduates are meant to perform at
entry and intermediate levels of employment (Little et al., 2003; Oketch, 2007; DHET, 2009).

In this study, the scope of skills was limited to technical skills. This was because the main
aim of this qualitative study was to ascertain gaps between the current national NCV-IT
curriculum and the ICT industry’s knowledge and skills needs, with a view of aligning the
curriculum with the South African ICT industry’s knowledge and skills requirements.
Therefore, in terms of skills it was imperative to find what is it an entry level employee
should be able to do using or operating a computer and other IT related technologies. Other
skills such as communication, social and team work skills also known as soft skills were not
considered. These skills are not domain-dependent that is, they are not subject-dependent,
therefore, have little or no bearing on ICT industry skills requirements. Relatedly, ICT
knowledge and skills are discipline specific, meaning they can only be developed through IT
and computer science subjects. Therefore, the scope of the study was also limited to NCV-IT
core vocational subjects, which are central to ICT knowledge and skills development.
Fundamental and optional vocational subjects were not considered as they do not impart the
knowledge and skills required in order to gain employment in an IT position.

1.9 Assumptions

This study involved conducting interviews with selected respondents. The researcher made an
assumption that sample respondents were truthful in their answers to the researcher. It also
assumes that the gaps that the respondents identified in the skill set of the recent graduates
they hired were primarily the result of the NVC-IT curriculum and not the result of the
respondents hiring weak graduates.

1.10 Definitions of key terminology

The following terms are important to this study as they relate to the study topic and are
briefly explained below:

Curriculum: “refers to the knowledge and skills students are expected to learn...in a specific
course or programme” (Glossary of education reform, 2017).

National NCV-IT curriculum: the national NCV-IT curriculum that is referred to in this study
encompasses the syllabi for the nine core vocational subjects that form part of the Department
of Higher Education and Training’s NC (V) programme Level 2 - 4 in information
technology and computer science (DHET, 2009).

Knowledge: In this study, knowledge refers to any one and/or a combination of the following
knowledge dimensions as defined by Anderson and Krathwohl (2001).

Factual Knowledge is knowledge that is basic to specific disciplines. This dimension
refers to essential facts, terminology, details or elements students must know or be
familiar with in order to understand a discipline or solve a problem in it.
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Conceptual Knowledge is knowledge of classifications, principles, generalizations,
theories, models, or structures pertinent to a particular disciplinary area.

Procedural Knowledge refers to information or knowledge that helps students to do
something specific to a discipline, subject, or area of study. It also refers to methods
of inquiry, very specific or finite skills, algorithms, techniques, and particular
methodologies.

Metacognitive Knowledge is the awareness of one’s own cognition and particular
cognitive processes. It is strategic or reflective knowledge about how to go about
solving problems, cognitive tasks, to include contextual and conditional knowledge

and knowledge of self.
Skills: in this study refers to technical skills which “are defined as vocational theoretical
knowledge acquired at school. For example, this might include: how to operate ... a

computer...” Mounier (2001:12); thereby allowing an employee “...to do a particular job as
specified by the employer” (Winch and Clarke, 2003:240).

Entry level employment: “bottom-level employment in a firm which usually requires
ordinary level of education, training, and experience qualifications. It gives a recruit the
benefit of a gainful occupation, opportunity to learn and gain experience, and serves as a
stepping-stone for higher-level jobs” (Business dictionary, 2017).

Knowledge economy: is an economy “where the production, diffusion and use of technology
and information are key to its economic activity and sustainable growth” (OECD, 1999:7).

ICT industry: in this study includes all organizations and companies whose main activities
are ICT oriented as well as those whose activities are not ICT but have large IT departments
such as banks, universities and insurance companies (Adopted from MICT SETA, 2012).

1.11 Chapter overview
An overview of the five chapters of the dissertation is given below:
Chapter 1: Introduction

This introductory chapter provides a general background to the study, problem statement,
research question and sub-questions, research aims and objectives, hypotheses, significance
of the study, delimitation of research, assumptions, and definitions of key terminology and a
brief overview of the chapters.

Chapter 2: Literature Review

This chapter gives a synthesis of scholarly materials about knowledge and skills imparted by
NCV-IT curriculum against the needs of the ICT industry in South Africa in the wake of the
knowledge economy. It also provides a comprehensive overview of vocational education and
curriculum concepts.

Chapter 3: Research Design

Chapter 3 focuses on the research design, research method and methodology that were used
in order to solve the research problem and eventually answer the research question. Sample
size, validity and reliability, data analysis, instruments used for data collection as well as
processes followed are discussed and outlined. Ethical considerations that were undertaken as
well as limitations to the study are also discussed.

Chapter 4: Research Findings and Data Analysis
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Chapter 4 reports on the findings of the study. This include findings from the analysis of the
current NCV-IT curriculum as well as findings from interviews with employers in the ICT
industry. A comparison of the two data sets is carried in order to answer the research
question.

Chapter 5: Conclusions and Recommendations

This chapter draw conclusions of the research based on the empirical findings of this research
as well as literature review. It also makes recommendations for immediate implementation as
well as recommendations for future research.



Stellenbosch University https://scholar.sun.ac.za

Chapter 2: Literature Review

2.1 Introduction

This chapter provides a synthesis of scholarly literature about knowledge and skills imparted
by the NCV-IT curriculum against the needs of the ICT industry in South Africa in the wake
of the knowledge economy.

The first section explores literature relevant to this study in order to explain the concept of the
knowledge economy and its implications on education, training and work in the context of
South Africa. The changing nature of jobs and occupations as driven by racing technological
changes is highlighted. This enabled the researcher to understand the nature of knowledge
and skills that should be developed by educational institutions such as TVET colleges in their
quest to meet the demands of the knowledge economy. This is followed by an exploration of
VET and its role in South Africa. This study intended to ascertain the relevance of the current
national NCV-IT curriculum to the needs of the ICT industry in South Africa in the wake of
the knowledge economy. Therefore, the second section discusses VET, NC (V) and NCV-IT
programmes to shed light on the role of TVET in relation to skills shortages in the ICT sector.

The last section explores the concept of a curriculum as it relates to VET and ICT
programmes and qualifications. The ICT industry is characterised by rapid technological
changes and this affects the relevance of knowledge, skills and competencies developed by a
given curriculum like NCV-IT. It is vital to identify which knowledge is central to an ICT
qualification. Therefore, lessons can be learned from analysing international computing
curriculum models. This sheds light on how an ‘ideal’ ICT curriculum could be designed.
The chapter concludes with a summary of the main points from the literature review.

2.2 Overview: South Africa and the knowledge economy

This section defines the knowledge economy, its implications on knowledge, skills,
competencies and work. It further discusses these implications and their effect on ICT skills
in the South African context.

2.2.1 Knowledge economy

Knowledge has played a key role in development throughout human history. But the 21%
century has seen knowledge and innovation increasingly playing a critical role in economic
growth, championing a new paradigm- knowledge economy (World Bank, 2007). The World
Bank (2003:1) defines a knowledge-based economy as an economy that “relies primarily on
the use of ideas rather than physical abilities and on the application of technology rather than
the transformation of raw materials or the exploitation of cheap labor”. In this economy,
knowledge is the main resource for wealth and job creation (World Bank, 2007). That is,
knowledge is the key factor of production and has become central to both economic and
social development.

The concept of the knowledge economy is widely written (OECD, 1999; Houghton and
Sheenan, 2000; Lengnick-Hall and Lengnick-Hall, 2003; World Bank, 2003; George, 2006;
Roberts, 2009; Newell et al., 2009; Guruz, 2011) and there is a shared view that, in this
contemporary economy, knowledge is central to economic development and wealth creation.
The World Bank (2007) concurs with this view and identifies knowledge as one of the four
key pillars for knowledge economy attainment by nations. That is, for a country to develop
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economically, it needs an educated and skilled workforce for the creation, sharing and use of
knowledge. This must be supported by a modern and dynamic information infrastructure
(ICT), an effective innovation system and a supportive economic and institutional regime
(ibid).

The shift from raw materials (resources) and labour as key factors of production to
knowledge, has resulted in a knowledge revolution which is culminating in a technological
revolution. This technology driven revolution is ubiquitous across all industries (WEF, 2015)
and the computer has become a universal machine. Stiglitz (1999) and Newell et al. (2009)
argue that this ICT driven technological revolution is transforming the industrial economy
into the knowledge economy.

The racing technological changes bring with them massive disruptions to industries,
economies and workplaces. The emergent contemporary workplace is characterised by new
forms of working and work organisation. These include working from home, reduced life
span of products and services as well as the knowledge used to develop them (Boisot, 1998),
high level skills, the increasing importance of knowledge about customers, technologies and
materials as well as the ability to rapidly respond to clients’ needs (Newell et al., 2009). As a
result, education and work have drifted apart and will continue to do so (Allais, 2011). These
developments pose enormous challenges for the education and training sector, as it must
impart students with high quality ‘specialised’ knowledge, skills and competencies that meet
the demands of the knowledge economy. For poor quality, education has no place in the
knowledge economy (World Bank, 2003).

Following the above, as centres of knowledge creation, translation and dissemination,
education and training institutions need to develop knowledge and skills which are required
by the ICT driven knowledge economy (George, 2006; World Bank, 2003; World Bank,
2007; Fullan & Scott, 2009). The World Bank (2003) urges education and training
institutions to take cognisant of the above mentioned changing nature of jobs, occupations,
the workplace and society to continue fulfilling their mandate. It identifies four key features
of the knowledge economy that have implications on education. These are briefly described
below:

e Product cycles are shorter and the need for innovation greater. As mentioned
earlier, the pace of (technological and innovation) revolution shortens the economic
life of products, services and processes as new and better products make the former
obsolete even though physically, they might still be serving their purpose (Boisot,
1998). This puts pressure on organizations to produce new knowledge with greater
frequency. This affects education and training institutions, as the knowledge and skills
they impart on graduates need to keep pace with the innovation speed.

e Knowledge is being developed and applied in new ways. A highly educated and
skilled labour force is needed to utilise the potential of innovation and new
technologies. The information revolution supported by ICT has increased the pace,
scale and capacity of change and innovation.

10
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e Trade is increasing worldwide, increasing competitive demands on producers.
This has resulted in a globalized economy (interdependence and integration of world
economies through collaboration, outsourcing, crowdsourcing, innovation etc.) where
changes in trade patterns call for education to produce a workforce in possession of
skills and knowledge that meet these demands.

¢ Small and medium-size enterprises in the service sector have become increasingly
important players, in terms of both economic growth and employment. In recent times
the world has witnessed an increase in the number of leading and fast growing ‘start-
ups’ especially in the technology sector (WEF, 2016). These entities thrive on
innovation and creativity to stay ahead in an environment historically dominated by
large enterprises (Capgemini Consulting, 2015). The need to create and innovate
raises the level of knowledge and skills required. This in turn affects education and
training institutions, as they need to produce graduates who can work in this new
environment.

Therefore, the knowledge economy has brought with it new challenges, responsibilities and
new relationships between education, training and work. Houghton and Sheenan (2000:9)
concur with this view and state that the knowledge economy is characterized by “learning
which involves both education and learning-by-doing, learning-by-using and learning-by-
interacting”. Therefore, there is need for education and training institutions to align their
programmes and qualifications to meet the needs of the knowledge economy. The NCV-IT
qualification is no exception. Hence, this study sought to ascertain the relevance of the
current national NCV-IT qualification to the needs of the ICT industry in South Africa in the
wake of the knowledge economy.

2.2.2 South Africa and the knowledge economy

Having defined the knowledge economy and its implications on education, it is imperative to
move onto discussing the knowledge economy in the South African context. It is important
because the aim of this study was to determine the relevance of NCV-IT curriculum to the
needs of the South African ICT industry in the wake of the knowledge economy. The
Organization for Economic Co-operation and Development (OECD) defines a country with a
knowledge-based economy as one “where the production, diffusion and use of technology
and information are key to its economic activity and sustainable growth” (OECD 1999:7).
This is applicable to the South African context as stated by Rauner et al. (2012) that the
South African economy is an advanced industrial economy. Relatedly, the National Skills
Development Strategy III (NSDS III) published by DHET in 2011 state that the South
African economy is increasingly becoming knowledge-based. Furthermore, Rauner et al.
(2012) state that the economy has enjoyed considerable growth over the years. Lincoln
(2014) pointed out that the growth is attributed to the enabling role played by the South
African ICT industry, which is globally competitive.

Furthermore, South Africa is home to several subsidiaries of international IT companies who
are world leaders in the field of ICT (MICT SETA, 2012), and the number keeps on
increasing (JCSE, 2016). The presence of these companies means the country’s ICT industry
is moving at the same pace as that of developed countries and as such, the sector is
experiencing the effects of the 4™ industrial revolution (JCSE, 2016). The MICT SETA
(2015) is also of the same view and posits that the country’s ICT education and training

11



Stellenbosch University https://scholar.sun.ac.za

programmes should be aligned to the needs of the knowledge economy. It further notes that
many jobs in the sector are disappearing and at the same time, new jobs have emerged
because of technology revolutionizing work.

Considering the issues raised in the previous paragraph, as well as knowledge economy
implications on education mentioned in the previous section, it is clear that the South African
education system is not immune to these and the NCV-IT programme is no exception. As
mentioned in the previous chapter, NCV-IT graduates are failing to secure employment
(DHET, 2013) while at the same time the ICT industry is grappling with skills shortage
(JCSE, 2016). This scenario raises the question: What is the cause of this disjuncture? Could
it be the case that the South African vocational education and training sector has failed to take
note of the above implications of the knowledge economy on education and training? That is,
could it be the case that the current NCV-IT curriculum develops knowledge and skills that
are irrelevant in the ICT driven knowledge economy? The purpose of this study was to
ascertain the relevance of knowledge and skills imparted by the NCV-IT qualification to the
ICT industry needs in the wake of the knowledge economy. It is also important to give an
account of the state of ICT skills in South Africa.

2.2.3 State of ICT skills in SA

The first South African National Master Scarce Skills List drawn up by the Department of
Labour (DoL) in 2007 indicated a shortage of almost 40 000 ICT professionals (DoL, 2007).
In 2015, almost ten years later, the number had increased to over 50 000 (MICT SETA,
2015). As mentioned in the previous chapter, since 2007, the DHA has been using this list to
grant work permits to foreign nationals under scarce and critical skills categories to close the
skills gap in the ICT industry (South Africa, 2014a). In a 2016 survey, the JCSE revealed that
the percentage of local companies hiring foreign nationals went up from 12 % in 2014 to 26%
in 2016 (JCSE, 2016), further indicating a worsening situation on the lack of local candidates
with knowledge and skills required by the South African ICT labour market.

A survey conducted by the MICT SETA in 2012 reveals that 73% of South African CEOs are
extremely concerned by ICT skills shortages (MICT SETA, 2012). In a separate but related
survey, the Grant Thornton’s International Business Report of 2014 reveals that 83% of
South African businesses report a shortage of ICT skills (Kumar, 2017). Mohlala et al. (2012)
also notes that the information technology industry in South Africa is faced with a dwindling
pool of skilled and knowledgeable professionals. This has adverse effects on businesses as
revealed in a 2016 survey by JCSE where 71% of local businesses indicated that skills
shortage has a major effect on their operations and 29% were facing viability problems due to
ICT skills shortages (JCSE, 2016). These revelations bring to light the need for aligning the
country’s information technology curriculum with the needs of the ICT industry.

However, these statistics (on ICT skills) have been criticised in some sections. JCSE (2016)
is of the view that statistics collected by the MICT SETA might not be a true reflection of the
current state of skills shortage due to government interference. That is, statistics may have
been lowered so that it does not reflect badly on the government. Lotriet ef al. (2010) notes
that the current methods used to collect and define skills in ICT have limitations and
therefore, the results might not be a true reflection of the current state.
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According to JCSE (2016), the emergence of new technologies and business models worsens
the current skills crisis. This has resulted in an increase in demand for new types of skills
such as mobile technology, cyber security, application development, business
intelligence/knowledge management and software as a service (MICT SETA, 2012; MICT
SETA, 2015). Some of these skills did not exist ten years ago. This lays a huge question mark
on the relevance of knowledge and skills imparted by the NCV-IT curriculum in relation to
the current needs of industry, given the fact that the curriculum has not been changed since its
inception in 2007. At the same time, NCV-IT graduates are finding it difficult to secure
employment (DHET, 2013), despite government’s assertion that NC (V) is the anecdote to
the unification of the world of work and education as it involves both on the job training and
theoretical learning (DHET, 2011).

This study sought to ascertain this disparity. That is, to investigate whether NCV-IT is
delivering the kind of education that appropriately equips individuals with necessary
knowledge and skills for employment in the ICT industry in the wake of the knowledge-
based economy. Following the above, it is essential to turn to a review of vocational
education and training.

2.3 Vocational Education and Training Overview

This section discusses vocational education and training and its role in South Africa. It
further discusses NC (V) programmes and their role in economic development and skills
shortage. It concludes by looking at the NCV-IT qualification.

2.3.1 Vocational education and training

According to the Organisation for Economic Co-operation and Development (OECD)
(2010:26), “Vocational education and training (VET) includes education and training
programmes designed for, and typically leading to, a particular job or type of job”.
Vocational education usually involves both practical (on the job) training and theoretical
(classroom) learning (ibid). The European Centre for the Development of Vocational
Training (Cedefop) states that the aim of VET is to “equip people with knowledge, know-
how, skills and/or competences required by the labor market” (Cedefop, 2011:15). It further
states that VET is and should be closely connected to the demands of the labour market
(Cedefop, 2011).

The above definitions of vocational education are directly connected to its aims; which
include producing ‘job ready’ graduates through programmes that link education to labour
market requirements. VET is labour market oriented; making it relevant to industry needs
(Cedefop, 2011). However, not everyone agrees with this view. Opponents of vocational
education argue that it is inadequate and exclusive as it focuses on specific knowledge and
skills for a particular field or trade, ignoring social knowledge (Gewer, 2010, OECD, 2010;
Wheelahan, 2015), yet it is these social competencies that are required by the knowledge
economy. They further argue that VET promotes social exclusion and creates societal
inequality by intentionally marginalising social or theoretical knowledge. McGrath and
Akoojee (2009) also argue that vocational education is neither academic (general education)
nor occupational; further highlighting the restrictive nature and inadequacy of vocational
education.
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Critically, Oketch (2007) argues that TVET! is becoming less relevant in the contemporary
knowledge led economy, as high specificity of low skills does not value the knowledge
economy, which requires high level skills associated with general education. He argues that
general education produces graduates with ‘general skills and competences’ allowing for
greater flexibility and mobility within the labour market as well as educational progression.
Pilz (2012) and the HRDC (2014) concur with this view and argue that vocational education
is considered low or poor quality education and therefore less applicable in a knowledge
based economy. Additionally, contrary to the widely accepted perception by proponents of
VET that TVET helps to ease labour market problems, Oketch (2007) has the view that
TVET does not create jobs neither does it alleviate poverty. In fact, in countries like Kenya,
poverty and unemployment have continued to rise despite heavy investments in TVET (ibid).

Furthermore, the OECD (2001) argues that ‘know-why’, ‘know-how’ and ‘know-who’ kinds
of knowledge rather than ‘know-what’ are the kind of knowledge required in the knowledge
economy and are imparted through general education. General education adequately equips
individuals with these kinds of knowledge and skills enabling them to adapt to the changing
nature of work and occupations in the knowledge economy; making it relevant to a wide
range of jobs (OECD, 2010). Cedefop (2011) further notes that general education opens up
more chances in life than vocational education. By focusing on skills for work, VET is
nothing but restrictive (McGrath, 2012) as it denies graduates the opportunity to fully
participate in life. This then raises the question; Is vocational education suitable for the
knowledge economy? More crucially, are vocationally oriented ICT qualifications relevant to
the ICT industry in the South African context, given the lack of employability of NCV-IT
graduates.

Furthermore, some researchers (Oketch, 2007; McGrath and Akoojee, 2009) argue that in
many African countries, vocational education is meant for ‘occupying’ unemployed youth
rather than equipping them with knowledge and skills for employment. Also, Pilz (2012) and
Wheelahan (2015) states that in many countries, vocational education is considered inferior
and is seen as the siding into which academically challenged learners can be pushed into.
Wheelahan (2015) is critical of this practice and argues that it promotes social inequality. She
suggests that instead of pushing academically challenged learners into vocational, the system
should find a form of education that will include them.

However, despite the above concerns, many believe VET has a key role to play in developing
young people and responding to the labour market needs of local, national and global
economies (Oketch, 2007; DHET, 2009; Field et al., 2009; OECD, 2010; South Africa,
2011). They argue that vocational education and training is the panacea to skills shortages
due to its close ties with industry. Vocationally trained graduates are equipped with specific
skills that are required by employers and therefore they have high chances of securing
employment (Lancee, 2016). Furthermore, proponents of VET argue that TVET skills are
salient for economic development (Asian Development Bank, 2008; UNESCO, 2010; DHET,
2011; Powell, 2012). The Asian Development Bank (2008), further states that technical and
vocational knowledge and skills are crucial for innovation, productivity and profitability, as
well as for state productivity and wealth creation. It further notes that in the absence of
relevant technical and vocational skills, business and national growth can be stunted.

1 TVET is the study of technologies and related sciences and the acquisition of practical skills, attitudes,
understanding and knowledge relating to occupations in various sectors of economic life (UNESCO, 2010:5).
The definition of VET is given above. However, in this study the two are used interchangeably, in line with the
South African literature and government policies and documents.
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Additionally, Psacharapoulos (1997) states that TVET provides entry and middle level skills
as not everyone can be trained (through general education) for high level skills jobs. The
OECD (2010) argues further that the current (labour market) landscape requires general
tertiary education (high-level skills) to be complimented with well-skilled individuals with
entry-level, mid-level, technical and professional skills that are normally delivered through
vocational education. The Asian Development Bank (2008) concurs with this view and
argues that, technological changes, workplace changes and economic openness, which
characterise the contemporary economy, increase the need for technical and vocational skills.
Oketch (2007) is also of the same view and posits that the present knowledge based economy
has elevated the quality on knowledge and skills, thereby calling for the re-orientation of
vocational education and training and general education to produce a good mix of knowledge
and competencies among employees.

Furthermore, Oketch (2007) and Wheelahan (2015) state that VET offers an alternative route
to those who are not successful in general education. They argue that without vocational
education and training such learners will be doomed forever, as they can access neither
employment nor tertiary education. This view sees vocational education as a mechanism for
social inclusion and civic participation. The Asian Development Bank (2008:26) is also of the
same view and states that “skills training is essential for promoting sustainable livelihoods
where environments are fragile and informal economic activities often need suitable
techniques and practices for resource management”. In other words, VET equips graduates
with education and training that allows them to live a fulfilled and meaningful life (Powell,
2012).

As stated in the previous paragraphs, VET is directly linked to a specific type of work, job,
trade or occupation. Hence, it should be easy for TVET graduates to secure employment.
However, as mentioned in Chapter 1, this is not the case for NCV-IT graduates in South
Africa. This raises the question; could it be the case that the NCV-IT curriculum does not
equip students with knowledge and skills that matches ‘knowledge work’, which
characterises the ICT driven knowledge economy? In other words, is there a disjuncture or a
misconfiguration between the contemporary workplace, which stamps the ICT industry and
knowledge, and the skills imparted by the current NCV-IT curriculum? These were some of
the areas the research sought to reflect on.

Given the above mixed views concerning TVET, it is imperative to clarify its role in the
South African context to ascertain what knowledge and skills are required with respect to the
economic requirements of the country (skills shortage and social development). The next
section looks at the role of TVET in South Africa.

2.3.2 The role of TVET in South Africa

According to Lewis (2009) the role of VET is generally contested the world over. This is
more so in developing countries (Bakari & Kemenade, 2013) and South Africa is no
exception. However, various authors (McGrath & Akoojee, 2009; Gewer, 2010; DHET,
2012; McGrath, 2012; Powell & McGrath, 2014; HDRC, 2014) agree that even though the
role of TVET in South Africa is broad and slightly contested, the sector is currently more
aligned and sited within the economic development concept. That is, the role of TVET is to
empower learners with vital knowledge, practical skills and vocational competences, which
are essential for employment (South Africa, 2006b).
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Furthermore, the HRDC (2014) observed that an analysis of government policies and
documents reveal that the TVET sector is focused on skills development by building strong
linkages with industry. These documents include the New Growth Path (2011), National
Development Plan 2030 (2011), National Skills Development Strategy III (2011), the Green
Paper on Post-School Education and Training (2012) and White Paper on Post-School
Education and Training (2013). Crucially, according to the ministerial task team appointed
for the review of the national policy regarding further education and training programmes,
NC (V) is a characteristically job focused qualification (DHET, 2012).

However, it should be noted that the role of TVET is also to “... expand access to education
and training opportunities and increasing equity...” (Green Paper for Post-School Education
and Training, 2012: x). That is, TVET should perform a transformative and developmental
role in addressing challenges of unemployment, inequality and poverty currently facing the
South African society (HRDC, 2014). This entails a flexible and responsive TVET sector that
is able to respond to the demands of industry, employers and society (Gewer, 2010). In other
words, a dual purpose TVET sector responsible for equipping youth with necessary discipline
knowledge and offering school leavers and unemployed people a chance to acquire
qualifications (ibid). These (qualifications) will increase their likelihood of employment and
higher education. Relatedly, McGrath (2012:624) citing Anderson (2009) argues that
attempts of addressing poverty and inequality are under way within the economic
development paradigm which take the view that “...training leads to productivity which, in
turn, leads to economic growth (training for growth)”. This leads Powell (2012) to conclude
that the current purpose of TVET in South Africa is to respond to skills needs of the economy
as well as responding to the social inequalities created by apartheid.

Important to this study was the skills development role of TVET, since one of the aims of this
study was to ascertain the relevance of knowledge and skills imparted by the NCV-IT
curriculum against the needs of the ICT industry needs. The question being asked is; Why
TVET graduates are finding it difficult to secure employment, yet the role of TVET is
knowledge and skills development for employment purposes. This raises questions on the
relevance of knowledge and skills imparted by the TVET sector with respect to the needs of
the country’s economy. According to Lewis (2009), the role of TVET should be aligned with
a country’s stage of economic development. Figure 2.1 illustrates a typology of TVET that
correlates with the stage of economic development.
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Figure 2. 1: Typology of TVET that correlates with the stage of economic development.
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As illustrated in Figure 2.1, knowledge and skills imparted by TVET should be in line with
the country’s stage of economic development. Given the lack of employment by graduates,
could there be a contrast between the role of TVET in South Africa and the developmental
stage of the country’s economy? This raises questions specific to this study such as; could
the lack of employment of NCV-IT graduates be due to the misconfiguration of the
curriculum with respect to the current stage of the economy? In other words, is the current
NCV-IT curriculum relevant to the needs of the ICT industry in the wake of the knowledge
economy? To the researcher’s knowledge it is not known if such a research has been carried
out, hence this study.

Having defined what is meant by vocational education and training and the role of TVET in
South Africa, the next section discusses NC (V) programmes.

2.3.3 National Certificate (Vocational)

In 2007, the South African government introduced a new fully funded official curriculum, the
National Certificate (Vocational) offered by TVET colleges (DHET, 2013). The NC (V)
curriculum was introduced to deal with the quality and relevance shortcomings of the old
curriculum (Gewer, 2010). This was done to reduce skills shortages in South Africa
(Akoojee, 2009; National Skills Development Handbook 2010/11, 2011; DHET, 2011;
Dzvapatsva et al., 2014).

The NC (V) programmes are offered across many academic disciplines including information
technology. Students are awarded qualifications at Level 2, 3 and 4 on the National
Qualifications Framework (NQF) in compliance with the national policy requirements set out
in the policy document, National Certificate (Vocational): Qualifications at Levels 2 to 4 on
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the National Qualifications Framework (NQF) as promulgated in Government Gazette No.
28677 of 29 March 2006 (South Africa, 2006a).

According to the DHET report on the Conduct of National Examinations 2009, “The NC (V)
programmes are intended to respond directly to the priority skills demands of the modern
South African economy by exposing students to high skills and knowledge” (DHET, 2009:5).
This means that the programmes are meant to impart learners with relevant knowledge and
skills applicable in the workplace. According to DHET (2011, 2012), NC (V) programmes
are the answer to the country’s skills crisis. Relatedly, Ashton (2005) cited in Lewis (2009),
taking cues from the success story of Asian TVET argues that, developing countries need low
skills (gained through TVET) as a source of competitive advantage. That is, low skills are a
spring board to thrust them into the next level of economic development. Referring to South
Africa, he states that the country should adopt the low skills approach to alleviate
unemployment among the previously disadvantaged groups and as a foundation for high
skills jobs.

However, Magnus ef al. (2013) perceive the programmes as not worthy, inflexible and not
work-oriented. In other words, the programmes equip graduates with low level skills which
are not relevant in the current economic developmental stage. They argue that they lead to
‘unskilled’ jobs.

Additionally, despite consultations with industry and labour, no meaningful contribution to
curriculum development was made, as the two were sceptical about the design and
effectiveness of the programmes (Akoojee, 2009; DHET, 2012; Mashongoane, 2015).
However, despite poor participation by stakeholders in the development process, the
Department of Education (DoE) went ahead with the roll out of the curriculum (DHET,
2012). This led the National Skills Development Handbook 2010/11 (2011) to contend that
the introduction of NC (V) programmes by the South African government was a political
move rather than an educational one. Akoojee (2009) concurs that the structure and content
of NC (V) remains problematic. This brings into question the relevance of knowledge and
skills imparted by the NC (V) qualification to the needs of the South African labour market.
That is, are the skills and knowledge imparted aligned to the needs of South African
employers?

Furthermore, the programmes have also been criticised for their lack of flexibility and access
to higher education? (Papier et al., 2012). Gewer (2010) also, argues that the programmes are
not inclusive as they neither carter for old learners nor offer part time study facilities. This
means that many uncertified working people cannot enrol as classes are only available during
the day. The programmes have also been criticised for not responding to their immediate
future mandate of skills shortage; as the three-year duration is perceived a long time for a
country that needs skills now (McGrath & Akoojee, 2009).

Furthermore, research reports (McGrath & Akoojee, 2009; Mashongoane, 2015) state that
NC (V) programmes lack colleges’ support as they are/were not familiar and confident with
the new curriculum and preferred the old curriculum. This has undermined the
responsiveness of the programmes to the labour market (Akoojee, 2009).

According to Pawson and Tilley (1997) cited by Bakari and Kemenade (2013:493), “when an
evaluator tells us that a program is a success; s’he should be demonstrating what it is about
the program which works for whom in what conditions”. Given the mixed views mentioned

2 In the early days and up to the period (2012-2013), institutions of higher learning were not accepting NC (V)
Level 4 graduates in their academic programmes. However, of late most institutions have been accepting NC
(V) Level 4 graduates.
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earlier about NC (V) programmes, it is imperative to analyse the programmes on a
qualification by qualification basis rather than painting all the qualifications with one broad
brush. This study sought to ascertain the relevance of the current national NCV-IT curriculum
to the knowledge and skills needs of the ICT industry in South Africa in the wake of the
knowledge economy. According to the Asian Development Bank (2008:29), “The purpose of
TVET is to provide relevant knowledge, skills, and competencies for employment and
income generation”. It was therefore important to ascertain knowledge and skills gaps
between the current national NCV-IT curriculum and ICT industry needs. If a qualification
does not lead to employment, then it is useless. To reflect on relevance, the following section
looks at the NCV-IT qualification in relation to the needs of the ICT industry vis-a-vis skills
shortages in South Africa.

2.3.4 National Certificate (Vocational) -Information Technology and
Computer Science

It was mentioned in Chapter 1 that one of the significances of this study is that it will add
knowledge to public TVET college programmes; specifically, to NCV-IT qualification as
there is limited research in the programmes and qualification respectively. As a result of
limited research, there is little literature that speaks specifically to the NCV-IT programme.
Most of the available literature addresses the programmes as a whole, therefore the reader is
informed that in the following sections where it says NC (V) it will also be referring and
including NCV-IT.

As mentioned in the previous chapter, the NC (V) qualification in information technology is
called National Certificate (Vocational) Information Technology and Computer Science
(NCV-IT). Just like all NC (V) programmes, it is designed to meet the skills demands of the
modern South African economy (DHET, 2009) by equipping students with the necessary
knowledge, practical skills, competences and understanding required for entry level
employment (Umalusi, 2013). In other words, the NCV-IT programme imparts knowledge
and skills required for employment in the ICT industry in South Africa.

However, in the midst of the above promises and assurances about TVET and NC (V)
programmes, the reality is; the ICT industry in South Africa is still inundated with skills
shortages and at the same time NCV-IT graduates are struggling to get jobs. This makes
many educators and employers ask how this is possible given that the NC (V) qualification
is/was aimed at bringing education and training closer to the world of work (Akoojee, 2009;
DHET, 2011). This reality reveals the limitations of the NCV-IT curriculum. Mashongoane
(2015) states that the NC (V) qualification is not recognised by employers and lacks industry
support. Doyle (2014) also states that some sections of ICT training institutions criticises NC
(V) programmes and see them as a political move rather than solutions to the country’s ICT
skills problem. This follows government’s rollout of the programmes despite limited
participation of all the stakeholders (DHET, 2012). This raises questions such as; Does
NCV-IT equip students with the right knowledge and skills? And does NCV-IT qualification
address the ICT skills crisis as per mandate?

Umalusi (2006: 24) state that “ascertaining whether or not a learning programme prepares
learners for the workplace is complicated, as ‘the workplace’ in fact, is extremely
heterogeneous—different industries and companies have very different requirements”. To the
researcher’s knowledge, it is not known if such a research for NCV-IT has been carried out.
Hence, this study undertook to ascertain if NCV-IT prepares learners for the workplace. The
study was set to investigate the disparity between NCV-IT curriculum and the ICT
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workplace. That is, the study sought to ascertain the gap between knowledge and skills
imparted by current national NCV-IT curriculum and the ICT industry’s human resources
needs in South Africa, through determining current skills requirements of the ICT industry in
the wake of the knowledge economy.

Having discussed literature on vocational education and training, the role of TVET in South
Africa and the NCV-IT qualification, focus will shift to explore the concept of a curriculum
in general, computing (IT) curriculum models and the current national NCV-IT curriculum.

2.4 Curriculum concepts

This section defines the concept of a curriculum within the context of this study. International
models of ICT curricula are discussed to shed further light on how a modern ICT curriculum
could be developed. The issue of rapid technological changes and their impact on curriculum
change and review is also discussed.

2.4.1 Curriculum defined

According to the website, Glossary of education (2017), “curriculum refers to the lessons and
academic content taught in a school or in a specific course or program... that is, knowledge
and skills students are expected to learn...” This definition of a curriculum is in line with
Young’s (2013) argument that, ‘specialized’ knowledge, such as theoretical knowledge or
key concepts in engineering, sciences or any other field should be central in curriculum. He
states that school curriculum should focus on what is learned and taught. He laments the loss
and continued loss of the central object (knowledge) by curriculum developers; as the focus
shifts to competencies, learning outcomes and assessments (Deng, 2015). According to
Hoadley (2015), loss of knowledge as the principal object in curriculum was dominant and is
still visible in the post-apartheid South African school and vocational systems, where
curriculum was/is focused on redressing the inequalities of the past. The main focus was/is on
social inclusion, academic standards, evidence based practices and qualifications frameworks
at the expense of knowledge.

As mentioned earlier, racing technological advances are disrupting every industry globally.
These economic and technological disruptions lead to changes in the nature of work, jobs and
occupations as business models change (WEF, 2015). These developments ask for immediate
and increased attention to the identification and acquisition of the central object (knowledge)
and skills and their subsequent incorporation in educational curricula. This calls for local,
national and international education and training institutions to align their curricula in order
to continuously produce graduates with relevant knowledge, skills and competencies required
by employers in the wake of the knowledge economy.

According to Dede (2010) cited by Voogt and Roblin (2012), curriculum alignment is not
only a matter of replacing current contents with those that are required by the knowledge
economy, but also of re-defining and identifying what should be central in the curriculum.
Proponents of knowledge as the primary object in curriculum argue that a curriculum which
ostracise knowledge is incomplete and inadequate (Young, 2013; Scott, 2014; Deng, 2015).
With this in mind, vocational education is deemed adequate as it equips students with specific
(specialised) knowledge in a particular field or trade (Oketch, 2007; OECD, 2010; Cedefop,
2011). The World Bank 2003 report on lifelong learning agrees with this view and states that
vocational courses are rich in knowledge as they focus deep on a specific subject (World
Bank, 2003).
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However, Wheelahan (2015) argues that vocational education curriculum is inadequate and is
an apparatus for social exclusion as it focuses on experiential, applied and work-focused
learning at the expense of theoretical knowledge needed for participation in arguments and
disagreements in society and in work places. Citing Wheelahan and Moodie (2011), she notes
that the curriculum is carefully fixated and imitates a thin conception of work, based on
workplace tasks and roles, rather than occupations. She further states that vocational
curriculum is mainly focused on skills needed for getting a job and securing employment
instead of theoretical knowledge; yet it is these (social, communication, analytical,
collaboration, critical thinking etc.) competencies that are necessary for participation in the
knowledge economy (World Bank, 2003; Newell et al., 2009).

Furthermore, Gewer (2010) questions the adequacy of trade or ‘specialised’ knowledge
imparted by a vocational curriculum, given the evolving skills demands of today’s industries.
He suggests that specialised knowledge should be complemented with theoretical knowledge.
Lewis (2009) and the HRDC (2014), are of the same view and argue that VET curriculum
should be designed for sustainable development and employment, that is, it should meet
industries, individuals, communities and societies’ needs and expectations. McGrath and
Akoojee (2009) also agree with this notion and state further that in an unequal society like
South Africa, vocational education curriculum should meet not only industry needs, but also
political and social needs in order to address the imbalances of the past. Lewis (2009) avers
that a vocational curriculum should not only focus on the core field or subject, but see the full
purpose of a subject through connections or linkages. For example, electronics could be
linked with mathematics and physics, wielding with chemistry etc. (ibid).

As previously stated, the ICT industry in South Africa is grappling with unprecedented levels
of skills shortages (Lotriet et al., 2010; MICT SETA 2012, 2015; JCSE, 2016; South Africa,
2014a, 2014b, 2016) and on the other hand, NC (V) graduates are finding it difficult to secure
employment (Kraak, 2010; FETI, 2012; DHET, 2013). Could this disparate be a result of the
inadequacies of the NCV-IT curriculum? This study sought to determine the relevance of
knowledge and skills imparted by the current national NCV-IT curriculum against the needs
of the South African ICT industry in the wake of the knowledge economy. That is, to
ascertain the adequacy or inadequacies of the NCV-IT curriculum. In other words, could the
disparate be due to loss of knowledge (lack of key concepts of IT and computer science) or
exclusion of theoretical (social) knowledge (knowledge which cannot be obtained at work,
home or community) in the curriculum?

The above scenario raises questions about how a vocational curriculum like NCV-IT should
be configured. That is, should it focus on skills for work or social knowledge or both? These
questions are made more complicated by the on-going racing technological changes which
are disrupting the political, social and economic status quo. This is affecting both technical
and social knowledge. For example, consumers are becoming more aware of (some) products
and their effects on the environment; that is, there are new patterns of consumer consumption.
Such information is necessary for manufacturers, designers and resellers because it guides
them on what consumers want and do not want. Therefore, product design and marketing
require not only technical knowledge to produce a product, but also knowledge about
consumers and the environment. For manufacturers, it has become important to know which
knowledge is worth keeping since given the speed of innovation, hanging to old knowledge
does not help. This therefore, raises the question; what knowledge and skills should be
included in a modern vocational IT curriculum like NCV-IT. This study sought to determine
the relevance of the NCV-IT curriculum to the needs of the ICT industry in South Africa in
the wake of the knowledge economy. In light of this, it is important to look at how an ‘ideal’
computing (IT and computer science) curriculum should be configured. To help the
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researcher understand structure and content (core knowledge areas) of a modern ICT
curriculum, a reflection on Scime’s useful 2008 paper titled ‘Globalized computing
education: Europe and the United States’ is given in the next section. The objective is to
identify which knowledge and skills should be central to an IT curriculum from an
international perspective.

2.4.2 Globalized computing education: Europe and the United States?

People from around the world with similar interests in computers and computing have come
together to form professional associations such as Association for Computing Machinery
(ACM), Association for Information Systems (AIS) and the Computer Society of the Institute
of Electrical and Electronic Engineers (IEEE-CS) (ACM, 2005). According to Scime (2008:
49), “these professional organizations defined bodies of knowledge around the computer,
which have been formalized and shaped as model curricula”.

In his 2008 paper titled Globalized computing education: Europe and the United States,
Scime (2008) analyses computing curriculum models from various organizations in Europe
and the United States. The aim of the paper was to analyse computing curriculum models for
the purpose of determining the possibility of ICT professionals’ mobility. The following
curriculum models were considered:

1. ACM/IEEE-CS model: developed by ACM, AIS and IEEE-CS.

2. Informatics Curriculum Framework 2000 (ICF-2000): a fundamental and broad-based
set of curriculum themes that provide coverage of the informatics field. Developed by
the International Federation for Information Processing (IFIP) in coordination with
the United Nations Educational, Scientific and Cultural Organization (USESCO).

3. Career Space (CSP) model: guideline developed by Information and Communication
Technology (ICT) companies to provide guidance on ICT skills needed in European
industry.

4. The Italian Association of Computer Science University Professors (GRIN) model:
developed by GRIN for both curriculum recommendations and an accreditation
process for informatics in Italy.

5. CDIO model: developed by a consortium of engineering universities with input from
industry as a framework for curricular planning and outcome-based assessment. The
framework focuses on engineering education and computing.

Even though Scime’s paper is focused on computing curriculum models at degree level, it is
relevant to this study for three reasons. Firstly, in the South African context even though NC
(V) is not a qualification pitched at university level, it (NC (V)) is considered post-school and
is under the DHET, which is responsible for higher education and training. Secondly,
curriculum models were developed by international bodies, meaning these models are highly
credible. Finally, the NCV-IT curriculum was developed in order to prepare students for
work in a modern South African economy; likewise, the models were developed to prepare
students for work and employment. These models give an idea of how an ‘ideal’ computing
curriculum should look like.

Table 2.1 provides a comparison of the areas/themes of study and study skills for each of the
organizations developing computing curriculum models. Comparisons are necessary in
determining key concepts (technical knowledge) and skills, which are common in the ICT
field. In his comparison of the models, Scime (2008) found that science and mathematics,

3 Since the scope and purpose of Scime’s paper differs somewhat from the purpose and scope of this chapter,
only the relevant aspects of the paper will be discussed.
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hardware, software, and business, interpersonal, and social skills are common knowledge
areas across all the models. Table 2.2 shows the minimum percent each model dedicates to
these knowledge areas.

He further observed that the ICF-2000 and the GRIN models closely match the ACM/IEEE-
CS model. The CSP differs in terms of terminology, however if one takes a closer look at the
core technical knowledge, it covers similar disciplines as the ACM/IEEE-CS in areas such as;
Computer Science / Software Engineering, Information Technology / Information Systems,
IT networks/ IT and electrical engineering (information technology) / Computer Engineering.

However, one of the weaknesses of his comparison or analysis is that it focused on the
subject name instead of subject core content. For example, under software development or
engineering, the core knowledge area is programming, but he does not specify which
programming language is used or which topics are covered by each model. The study would
have been more relevant if the researcher had identified the core content of a subject or
module. For example, programming mobile applications is not the same as programming
general applications or programming smart devices. Therefore, one needs to learn specific
programming skills and languages.

Also, Scime (2008) suggests that a curriculum review is performed after five years, but given
the speed of technological changes and disruptions of the 4™ industrial revolution, five years
is far too long, given that the life span of IT qualification is two and half years, and rapidly
decreasing according to the Gartner Group cited in Mohlala et al. (2012).
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Table 2. 1: Comparison of computing curriculum models

ACM/IEEE-CS ICF-2000 themes CSP skills GRIN areas CDIO syllabus
area
Algorithms Algorithmic Algorithms Core engineering
Potentials and Fundamental
limitations of knowledge
Computing and
related technologies
Architecture Representation  of | Digital design Computer Core engineering
information architectures Fundamental
Computer systems knowledge
and
architectures
Business Broader Enterprise and
fundamentals perspectives and business
context context
Database Database Advanced
management engineering
Systems Fundamental
knowledge
Hardware systems Digital signal Conceiving and
engineering Processing engineering
(DSP) applications systems
Radio frequency
/D)
engineering
Product design
Human-computer Human-computer | Advanced
interface/ interaction engineering
interaction Fundamental
knowledge
Intelligent systems Knowledge Advanced
representation engineering
Fundamental
knowledge
Interpersonal skills | Personal and Teamwork
interpersonal communications
Skills
Mathematics Knowledge of
underlying
sciences
Networks Computer-based Data Network Advanced
communication communications computing engineering
engineering Fundamental
Communications knowledge
network
design
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ACM/IEEE-CS
area

ICF-2000 themes

CSP skills

GRIN areas

CDIO syllabus

Operating systems

Operating systems

Core engineering

Fundamental
knowledge
Programming Formalism in Software and Computer Core engineering
information applications foundations Fundamental
processing development Programming knowledge
Software Computer
development languages
Security Social and ethical Professional skills
Social and implications and attributes
professional
Software Information Software Software External and societal
engineering modelling architecture and engineering context Engineering
(development) System design Design reasoning and
Integration and test/ problem solving
implementation and Experimentation and
test knowledge discovery
engineering System thinking
Personal skills and
attributes
Conceiving and
engineering systems
Designing
Implementing
Software IT business
engineering consultancy
(management)
System Systems specialist operating
administration Technical support
Web systems Multimedia

Source: Scime (2008:56)
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Table 2. 2: Percentage content of knowledge areas for each model

ACM/IEEE-CS*
Area CE |CS |IS |IT |SE |ICF-2000 |CSP | GRIN | CDIO
Science/ mathematics 14 |16 |3 0 18 |0 30 0-28 |6
Hardware 58 120 |16 |10 |O 11 30 | 5-25 | 0-78
Software 25 |58 |52 |70 |71 |71 25 39-75 | 0-78
Business/interpersonal/social/ | 3 6 29 |20 |11 |18 15 0-28 |16
general education

Source: Scime (2008:59)

Furthermore, some of these models have been criticised. For example, Mulder and van Weert
(2001) argue that the ACM/IEEE-CS is biased due to its American orientation. Therefore, it
is not a universal representative. The CDIO framework has also been criticised due to its
alignment to engineering education rather than Information Technology (Scime, 2008).

However, Scime (2008) concludes that these models can be adopted and used as they are, or
customised to a nation’s context and environment. There is a general concern by industry
players that the current national NC (V) curriculum is not in line with industry requirements
(Gewer, 2010; Mashongoane, 2015). This study sought to ascertain the relevance of the
NCV-IT curriculum to the needs of the ICT industry in South Africa in the wake of the
knowledge economy. Therefore, comparisons like these help interrogate the content and
structure of NCV-IT in relation to international models.

The following section gives a brief overview of the current national NCV-IT curriculum.

2.4.3 NCV-IT Curriculum

The NCV-IT curriculum was introduced as a solution to addressing quality and relevance
limitations in the then college curriculum (Gewer, 2010). It is focused on priority skills of the
modern South African economy (ibid). A more detailed analysis and discussion of the NCV-
IT curriculum is given in Chapter 4 (see 4.1.2).

However, despite this, the NC (V) qualification including NCV-IT has generally not been
accepted and recognised by South African employers. That is, it lacks industry support
despite consultation (Gewer, 2010; Mashongoane, 2015). According to Nhuta et al. (2015)
and Walker et al. (2009), curriculum development should involve all relevant stakeholders
and their roles clearly outlined. Stakeholders include curriculum designers, lecturers, subject
experts, employers and students. The OECD (2010) agrees with this view and argues that
students should be involved in curriculum development especially in vocational education as
they are the best judges of their skills, abilities, preferences and interests. This is important
because students feel emotionally and psychologically fulfilled after completion
(achievement) of a qualification, even though they might not receive a job after completion.
The OECD (2010) further states that vocational curriculum design should also be informed
by supply constraints. In other words, curriculums should immediately respond to the rapidly
changing demands of the workplace. As mentioned above, there was little input (on NCV-IT
curriculum) from industry despite consultation. To the researcher’s knowledge, there was
neither student nor lecturer involvement in the development of the NCV-IT curriculum.

4 The ACM/IEEE-CS model includes separate disciplines of computer engineering (CE), computer science (CS),
software engineering (SE), information systems (IS), and information technology (IT).
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Therefore, could the lack of involvement of all relevant stakeholders mean that the NCV-IT
curriculum is not relevant or adequate?

Gewer (2010) further states that due to the general belief that the curriculum is not aligned to
the skills needs of employers, five construction companies financed the rewriting of the NC
(V) Civil Engineering and Construction curriculum. To the researcher’s knowledge, no such
exercise has been done for the NCV-IT curriculum; hence this study sought to ascertain if
there were any knowledge and skills gaps between the curriculum and the ICT industry
needs. Also, as mentioned earlier, the NCV-IT curriculum has not been changed or updated
since its inception in 2007. This is despite recommendations by Gewer (2010) that NC (V)
curriculum need to be reviewed after five years. Also, Scime (2008) recommends that a
computing curriculum should be reviewed after five years. Therefore, could the lack of
review or update of the NCV-IT curriculum mean that the curriculum is still relevant? With
regard to the above, it is necessary to review the stagnant NCV-IT curriculum in relation to
technological changes in the ICT industry and general curriculum practice.

2.4.4 Static NCV-IT curriculum

Recent studies note that previous industrial revolutions were moving at a slow pace and small
scale so much so that the education sector managed to keep pace in providing and developing
knowledge and new skills sets (Brynjolfsson and McAfee, 2012; Schwab, 2015; Infosys,
2016). However, given the accelerating pace and scale of the 4" industrial revolution,
education and training institutions are faced with an insurmountable task of providing
employers with required knowledge and skills. The on-going economic changes, brought by
technological advances, are calling for major and speedy curriculum changes for many
educational fields. Also, according to Abrahamson (1978), a curriculum should not be static
but dynamic. Unfortunately, this is not the case for the national NCV-IT curriculum currently
offered at public TVET colleges in South Africa as it has not been changed for the past
eleven years. This is despite calls for a review of curricula in public TVET colleges in South
Africa (McGrath et al., 2010). This raises the question; Does the continued offering of a
curriculum developed more than ten years ago mean it is still relevant despite the above
developments and concerns? There is need to determine the relevance of the curriculum
given that many NC (V) graduates are failing to secure employment (DHET, 2013), hence
this study.

Also, according to Scott and Fisch (n.d.) cited in The Future of Jobs report (WEF 2016: 20)
“... nearly 50% of subject knowledge acquired during the first year of a four-year technical
degree outdated by the time students graduate”. As mentioned earlier, Information
technology is one of the affected fields, with an estimated life span of two and half years, and
rapidly decreasing (Mohlala et al., 2012). This raises another question; are NCV-IT students
being equipped with yester years’ knowledge and skills to apply in today and tomorrow’s
world of work? This study sought to answer this question by ascertaining the relevance of
these skills and knowledge, that is, do they correspond or not to the needs of the ICT industry
in South Africa in the wake of the knowledge economy.

The static NCV-IT curriculum is not only in contrast with general curriculum practices, as
stated by Abrahamson (1978), but also with recent developments and practices pertaining to
computer science curriculum in other parts of the world. Webb et al. (2017) emphasises the
importance of computer science and/or information technology curriculum change in order to
be aligned with on-going technological advances and industry needs. As a result, the last few
years have seen the UK, Australia and Poland changing their computer science and/or
information technology school curriculum in 2014, 2015 and 2015 respectively (Webb et al.,
2017). The UK is also transforming its vocational and technical education in order to align it
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with industry needs (BBC, 2017). The World Bank (2014) also posits that the lack of
curriculum re-orientation in Africa leads to lack of knowledge and skills hence lack of
progress in the continent’s booming industries like ICT and agriculture.

Furthermore, as previously stated in paragraph 2.2.1, TVET has a key role to play in the
knowledge economy. However, given the scenarios and realities that were highlighted about
NCV-IT; questions such as; does TVET respond to the needs of the ICT industry are being
asked? In addition, the World Bank (2003) asserts that the introduction of new technologies
increases the demand for high level ICT skills and workers. Generally, VET graduates
possess low level knowledge and skills suitable for entry level and middle level employment.
Given the above assertions, does such knowledge (low level) have a place in the current ICT
workplace? This raises another question, is it ‘academically’ feasible to offer a vocational
qualification in IT given the rapid technological changes that brands the knowledge
economy? It is therefore imperative to analyse the NCV-IT curriculum, in order to ascertain
its relevance to the ICT industry and the South African economy at large.

2.5 Conclusion

In this chapter, the researcher explored the concepts of a knowledge economy, vocational
education and training, NC (V) and curriculum as they relate to this study. In the first section,
the researcher defined the knowledge economy and its implications on education and training
and work. This was followed by the knowledge economy in the South African context and
its effect on education, work and ICT skills.

The second section explored the concept of VET in the context of this study. A review of
literature showed that the role of VET should be aligned to a country’s economic
development stage. Therefore, this raised questions about the role of TVET in South Africa
with respect to the country’s economic development stage. This led to an exploration of NC
(V) programmes including NCV-IT, and their role in responding to the needs of the ‘modern’
South African economy and alleviating the skills shortage. Following this, the researcher
explored the concept of a curriculum where it emerged that key theoretical concepts must be
central to the curriculum. This has raised questions about which key concepts must be central
to an IT and computer science curriculum. An analysis of international computing curriculum
models showed software (programming), hardware (computer architecture and networking)
and business as the most common knowledge areas. It also emerged that curriculum
development process should involve all stakeholders such as students, lecturers, curriculum
developers and industry.

Furthermore, ICT curricula should be reviewed frequently in order to keep pace with
speeding technological changes which characterise the knowledge economy. Unfortunately,
this is not the case with NCV-IT curriculum, as it has not been changed for the past eleven
years.

Additionally, after going through several searches of scholarly materials, the researcher finds
little or no literature on NCV-IT. This is similar to the findings of other researchers as
mentioned earlier in this chapter and the previous chapter. Therefore, this study contributed
to the body of knowledge in NCV-IT and the TVET sector in general.

Finally, a key question that remained unanswered by the literature was: is the current national
NCV-IT curriculum relevant to the knowledge and skills needs of the ICT industry in South

28



Stellenbosch University https://scholar.sun.ac.za

Africa, given the greater digitization of the South African economy propelled by racing
technological advances. Therefore, the next chapter focuses on the research design and
methodology that was used to ascertain knowledge and skills gap between the NCV-IT
curriculum and the needs of the ICT industry in South Africa in the wake of the knowledge
economy.
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Chapter 3: Research design

3.1 Introduction

The purpose of research is to find a solution to a particular problem. In other words, a
researcher goes on a journey of developing new knowledge and finding answers to a problem
in a particular field. However, knowledge cannot be accepted at face value alone.
Researchers need to elaborate explicitly how they arrived/developed that knowledge, its
nature and how the answers were created. If such steps are not taken “the whole research
effort could produce a wrong or valueless result or be a waste of time.” (Adams et al.,
2007:22). This chapter discusses how the researcher planned, designed and executed this
study.

Adams et al. (2007:81) defined research design as “the blueprint for fulfilling research
objectives and answering research questions”. According to Cohen et al. (2007), the purpose
of the research determines the methodology and design of the research. The chapter starts by
discussing and justifying the research method adopted for this study. It further discusses and
justifies the sampling techniques used, data collection methods, data analysis, validity and
reliability. The chapter concludes by discussing ethical consideration issues and research
limitations.

3.2 Research method

A researcher can follow different research methods such as quantitative, qualitative and
mixed methods also known as methodological triangulation. According to Struwig and Stead
(2001:15), “Quantitative research is a form of conclusive research involving large
representative samples and fairly structured data collection procedures. Qualitative research
can be viewed as interdisciplinary, multi-paradigmatic, and multi-method”. In this study, the
researcher followed a qualitative research method. A number of factors motivated the
adoption of a qualitative method.

Firstly, one of the aims of this research was to determine the relevance of knowledge and
skills imparted by the current national NCV-IT curriculum to the knowledge and skills needs
of the ICT industry in South Africa; in order to understand why NCV-IT graduates are
finding it difficult to find employment in the ICT industry in South Africa. The study sought
to understand the disparity between knowledge and skills imparted by the NCV-IT course
and the needs of the ICT industry therefore, a qualitative method was suited as it helps the
researcher to understand and construct meanings out of subjects (Henning, 2004). Similarly,
various authors (Struwig and Stead, 2001; Saunders et al., 2007; Creswell, 2009) state that if
the research is exploratory and/or interpretive, then a qualitative approach is suited for that
research. In this study, the researcher explored the current national NCV-IT curriculum
offered at public TVET colleges and therefore the qualitative approach was the best
approach. In addition, Creswell states that if a research involves analysing documents, a
qualitative method is the best approach. In this study, the researcher was analysing the current
NCV-IT curriculum, therefore a qualitative approach was used.

Secondly, Creswell (2009:4) defines qualitative research as “a means for exploring and
understanding the meaning individuals or groups ascribe to a social or human problem”. This
definition ties in with the objectives of this study. Among the objectives of this study was to
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identify knowledge and skills required by the ICT industry for entry level IT employees as
well as those developed by the NCV-IT curriculum. In order to meet these objectives, it was
imperative for the researcher to understand how individuals within the ICT industry
(companies) create knowledge and skills, understand knowledge and skills, identify
knowledge and skills as well as categorise and apply the knowledge and skills in their work
environment in order to solve problems or achieve organizational goals. Therefore,
qualitative research was the best suited approach for this study.

Thirdly, given the researcher’s background in the ICT industry, NCV-IT and public TVET
colleges, the researcher believed that there were multiple constructed realities. These realities
were twofold. Firstly, knowledge and skills as perceived and constructed by individuals
within various companies that form the ICT industry in South Africa. Secondly, knowledge
and skills as perceived and constructed by NCV-IT curriculum designers and developers, as
such a qualitative approach was best suited for this study because it helps the researcher
develop a complex picture of the research problem through a holistic narrative (Creswell,
2009).

Additionally, it was mentioned in Chapter 1 that this research was motivated by lack of
research in the NCV-IT field and the TVET sector in general. To the researcher’s knowledge,
the topic and the respective research problem addressed in this study had not been studied
before. It is clear that the NCV-IT qualification needs to be understood, evaluated and new
knowledge created and added to the domain. In such situations, Creswell (2009) recommends
a qualitative approach. Therefore, a qualitative approach was suitable for this research.

Furthermore, Eisner (1985) states that, qualitative methods have many advantages including
flexibility, openness and richness. As outlined above, one of the objectives of this study was
to identify knowledge and skills needs of the ICT industry in South Africa. In order to
identify these; a deeper understanding of the research question is required. In other words,
one requires data or information which is rich, that is, in-depth information. Such data can be
gathered through qualitative methods (Adams et al., 2007). However, qualitative methods
have been criticized for being subjective, biased, time consuming and lacking generalizability
(Ruddock, 1981). Despite the criticism, a quantitative approach could not be used in this
study because the research question was neither confirmatory nor predictive (Struwig &
Stead, 2001). A mixed method approach could not be used for similar reasons. Additionally,
according to Fielding and Fielding (1986) the mixed method approach does not necessarily
reduce bias, nor bring objectivity or increase the validity of a research. Therefore, there was
little or no benefit in using it in this study.

3.3 Sampling

As previously defined, the ICT industry in this study included all organizations and
companies whose main activities are ICT oriented as well as those whose activities are not
ICT but have large IT departments such as universities, finance and insurance companies
(Adopted from MICT SETA, 2012). It is apparent that the defined population was big and the
researcher could not gather data from the entire population due to time and cost constraints.
Therefore, a smaller group or sample of this population was used. Adams et al. (2007:88)
defines “sampling as a process or technique of selecting a suitable sample for the purpose of
determining parameters or characteristics of the whole population”. Cohen et al. (2007) state
that knowledge obtained from the selected group should be representative of the entire
population.

However, sampling is not an easy task. Cohen et al. (2007) identify four key factors in
sampling. These are discussed below:
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i.  Sample size. The researcher selected fifteen companies from the ICT industry. This
sample was big enough to meet the objectives of the study; as there is no ideal
sample size, rather the sample size depends on the type and goal of the study and the
researcher’s judgement (Adams et al., 2007; Cohen et al., 2007). In selecting fifteen
companies, the researcher’s judgement was guided by Guest et al. (2006) who note
that a minimum of twelve interviews in a qualitative research is enough. In this case,
the sample size was more than the minimum, therefore, it sufficed and to some
extent it addressed sampling error. In addition, Cohen et al. (2007) state that in
qualitative research; the sample size is usually small. Additionally, due to time
constraints and costs associated with travelling, the researcher could not afford to
administer interviews to a large pool of companies, as he was self-sponsored.

ii. Representativeness of the sample. To cover all aspects of knowledge and skills
needs of the ICT industry (so as to meet the second objective), companies in
different sectors or businesses were selected. The companies included three ICT
companies, a government department, a metropolitan city, consultancy and auditing,
finance, retail, gaming, health, insurance and two large South African institutions of
higher learning. Table 3.1 below gives a detailed description of company profiles.

Table 3. 1: Profiles of participating companies

Company Company Respondent Number of

Identifier profile/description description years in ICT
industry

Company 1 Higher  education  and | Senior Service Desk 8

training institution with a | Technician/Analyst
large IT department which
offer ICT support services
to the institution’s various
units and departments.

Company 2 Financial and Insurance | Technical 23
services sector. Products | Lead/Architect
and services supplied both

nationally and
internationally.
Company 3 Professional services | Cyber Security 9

industry focusing on IT, tax | Specialist
and accounting consultancy
and auditing with branches
in 180 countries globally.

Company 4 ICT sector mainly focusing | IT Manager 20
on offering ICT services to
a large hotel and leisure
company with operations in
several countries in Africa.
Also offer services to other
clients as well.
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Company 5

A research group based at in
institution of higher learning
in the education and training
sector. The group focuses
on blending atmospheric
science, climate modelling,
and applied climate
analysis.

Senior
Engineer

Systems

14

Company 6

The organization is in the
ICT sector focusing on
providing digital services to
clients mainly in media and
advertising industry; also
with clients in other sectors.

Senior Developer

Company 7

An international company in
the financial services sector.
With operations in South
Africa and abroad.

Senior Programmer

Company 8

Provincial government with
a large IT department
offering ICT products and
services to various entities
and departments within the
provincial government.
These include education,
tourism, mining etc.

Technical Lead

21

Company 9

Health  services  sector
specialising  in  health
systems and technologies in
public hospitals and
pharmacies in South Africa
with operations in the
Middle East.

Team Leader

13

Company 10

department
support
government

Government
offering ICT
services  to
departments.

Chief Network
Technologist

14

Company 11

Metropolitan city with a
large IT department offering
ICT products and services
to support the city’s day to
day operations.

Principal Technician

15

Company 12

IT consultancy specialising
in  Microsoft technologies
that are used in various
sectors such as agriculture,
engineering and

Lead
Consultant

Data

15
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construction etc.

Company 13 | The company is in the retail | Integration 13
and wholesale sector with | Specialist
operations in South Africa
and a number of Affrican
countries.

Company 14 | ICT services sector | Senior Network 8
specialising in offering ICT | Engineer
services to clients in various
industries  and  sectors
ranging from retail and

wholesale, media  and
advertising, oil and gases
industry etc. With

operations in several
countries around the world

Company 15 | An international company in | Software 13
the gaming industry with | Development
offices in South Africa and | Manager
abroad. It offers products
and services to various
clients around the world.

As mentioned in Chapter 2, South Africa is home to several subsidiaries of
international companies, seven of the selected companies were international or had
clients outside South Africa. The purpose of this study was to ascertain whether the
current national curriculum develops knowledge and skills that are in line with South
African ICT industry requirements as dictated by the technological revolution as
mentioned in Chapter 1 of this dissertation. Therefore, by selecting international
companies the researcher made sure that data gathered represented current ICT
knowledge and skills required by the knowledge economy, not only in the South
African context but also globally.

Additionally, companies that identified themselves as ICT companies offer ICT
services to various clients who are in different sectors or businesses ranging from
media and advertising, hotel and leisure, engineering, construction etc. Therefore,
data gathered from these companies represented knowledge and skills required by an
entry level IT employee in those various sectors. Therefore, the sample was
representative enough.

The rationale of selecting two institutions of high learning was twofold; firstly,
because universities educate and train students as well as employing those students
after graduation. It should follow that the training they offer is aligned to knowledge
and skills they require in various positions including ICT. Therefore, they have a
good understanding of the relationship between education and work, making their
contributions valuable and relevant to this study. Secondly, universities have many
large departments or units focusing on different businesses or roles. Therefore, to
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holistically cover, knowledge and skills requirements, different departments were
selected from the universities.

The sample included companies from various industry sectors including those whose
business is not ICT but have large IT departments. By so doing, the researcher made
sure that not only one sector or business was represented. This addressed the
sampling error as companies from different sectors were represented.

A document review of the current national NCV-IT curriculum was carried out.
Subject guidelines of nine vocational subjects were analysed. The rationale of
considering core vocational subjects only was based on the fact that, ICT knowledge
and skills are discipline specific, meaning they can only be developed through IT
and computer science subjects. Therefore, only core vocational subjects are central
to ICT knowledge and skills development. Fundamental and optional vocational
subjects were not considered, as they do not impart knowledge and skills that make
one gain employment in an IT position.

This exercise (interviews and review of curriculum) gathered data that enabled the
researcher to answer the research question (Cohen et al., 2007).

iii. Access to the sample. The researcher had access to companies through his own
personal contacts. The researcher also made use of the college’s work placement
office (responsible for placing NCV-IT graduates) to contact companies. As
mentioned earlier, the researcher is currently employed as an IT lecturer by a TVET
college and has access to NCV-IT documents.

iv. The sampling strategy used. Probability and non-probability sampling are the two
main sampling techniques (Adams et al., 2007; Cohen et al., 2007). Adams et al.
(2007:88) defined a probability sample “as a sample in which every element of the
population has an equal chance of being selected” and a non-probability sample as a
sample in which “units are selected on the basis of personal judgement”. As
mentioned earlier, in order to cover all aspects of knowledge and skills needs of the
ICT industry, selected companies had to represent all sectors of the ICT industry.
Therefore, based on the above definitions, non-probability sampling was used in this
study. This is also in line with Cohen et al.’s (2007) recommendation that if a
researcher is targeting a certain group, non-probability sampling must be used. In
this study, the researcher was targeting a particular group or type of companies so as
to fulfil or meet the objectives of the study (Adams et al., 2007). Probability
sampling could not be used as it will not meet the objectives of this study. In
addition, non-probability sampling is cheaper compared to probability sampling
(Adams et al., 2007). Therefore, due to time and financial constraints non-
probability sampling was chosen.

There are many types of non-probability sampling techniques including purposive,
convenience, quota and dimensional sampling (Cohen et al., 2007). A purposive
sample is a sample in which “the researcher has deliberately — purposely — selected a
particular section of the wider population to include in or exclude from the sample”
(Cohen et al., 2007:110). As mentioned earlier, computers and/or ICTs are now
ubiquitous across all industries, therefore to accurately identify knowledge and skills
needs of the ICT industry as defined in this study, purposive sampling was used to
select companies. That is, companies were chosen based on their type of
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industry/business as well as their use of ICTs (ibid). This ensured that various
sectors of the ICT industry were represented in order to collect sufficient, relevant
and exhaustive (industry wide) data as mentioned earlier. In addition, according to
Cohen et al. (2007), purposive sampling is the most widely used technique in
qualitative research. This shows that it is trusted and considered most appropriate in
cases investigating qualitative problems. Other sampling techniques could not be
used, as they will not meet the objectives of the study.

Purposive sampling was also used to select individual participants from the fifteen
companies that had been identified. The researcher selected individuals who could
best help him in understanding the problem, the research question and meet the
objectives of the study. These individuals were selected on the basis of their roles
and understanding of the ICT field. That is, the individuals were involved in
mentoring, training and assigning duties to entry level IT employees. The
individuals were also responsible for assessing knowledge and skills of entry level
IT employees during the hiring process of entry level IT employees. Therefore, these
individuals understood knowledge and skills required by entry level IT employees.
These individuals included team leaders, IT managers, senior programmers,
developers, engineers and technicians (see Table 3.1 for a detailed description of the
profiles of the respondents). Combined together, the respondents have more than one
hundred years of experience in the ICT industry. This show how deep, rich and
credible was the insights and information provided by the respondents. It also means
that the respondents had a good understanding of past and present requirements for
entry level IT employees in terms of knowledge and skills.

As mentioned earlier, to make sure that the researcher would obtain correct answers
and credible feedback from these individuals (respondents), interview questions
together with the consent form were emailed ahead of the scheduled interview date.
The consent form (see addendum E) gave a detailed description of the purpose of the
interview. This gave participants an opportunity not only to understand the purpose
of the interview but also to assess whether they can respond to the questions and
subsequently take part or not.

As stated earlier, due to time and financial constraints not every senior IT employee,
team leader, IT manager, programmer or technician could be interviewed. Despite
this, the researcher believes that this group of individuals was representative and
diverse enough to give deep insights about the research and subsequently meet the
objectives of this study.

The following section outlines data collection tools and techniques that were used in this

3.4 Data collection

As mentioned earlier, the purpose of research determines its design and methodology. The
purpose of this study called for a design and methodology that would be able to gather data
on knowledge and skills developed by the current national NCV-IT curriculum as well as
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those required by the ICT industry for entry level IT employees. Therefore, this research
employed two methods for data collection: interviews and a document review of the current
national NCV IT curriculum. The following section discusses these two methods as they were
used in this study.

3.4.1 Interviews

In order to meet the objectives of this study, complete answers and a deep understanding of
questions and answers was needed. This could only be achieved through interviews as they
give both interviewer and interviewee flexibility to press respondents for answers and
understand questions respectively (Cohen et al., 2007). That is, interviews allow for greater
depth as compared to questionnaires where respondents can interpret the same question
differently. This also addresses the issue of non-sampling error. Additionally, knowledge
cannot be counted nor measured, making other tools such as questionnaires irrelevant. Also,
according to various authors (Saunders et al., 2007; Creswell, 2009; Alshengeeti, 2014)
qualitative researchers normally use interviews for data collection. This justified the choice of
interviews in this qualitative study.

However, interviews are time consuming and open to interviewer subjectivity and bias.
Despite this, the researcher chose interviews due to their high response rates as compared to
questionnaires (Oppenheim, 1992). In their study aimed at determining the range and level of
skills needed by software developers in the Western Cape province of South Africa in order
to meet industry needs, Tanner and Seymour (2014) used interviews to gather data. Also, in
their research project aimed at finding attributes, skills, and knowledge that are considered
necessary for entry-level employment for Engineering, Tourism and Hospitality, and
Wholesale and Retail graduates from TVET colleges, Papier et al. (2016) used interviews to
gather data. Various researchers have also used interviews in similar research topics (Little et
al., 2003; Nhuta et al., 2015; WEF, 2016; Infosys, 2016). To a greater degree, this justified
the researcher’s choice of interviews as a tool used in this study.

There are various types of interviews including, standardized, structured, unstructured, semi-
structured and elite interviews (Cohen et al., 2007). As mentioned earlier, the choice of
interviews was to allow the researcher to meet the objectives of this study. Among the
objectives, was to identify the knowledge and skills required by the ICT industry for entry
level employee. In order to meet this objective, one needed large amounts of rich data. Such
rich and detailed information can only be gathered through in-depth research interviews using
the semi-structured interview approach (Adams et al., 2007; Saunders et al., 2007).
Therefore, the researcher used semi-structured interviews in order to generate in-depth data.
In addition, semi-structured interviews suited this study as they allowed for consistency and
comparability of responses as all respondents were asked the same questions in the same
order. This was important because the objective was to identify knowledge and skills
currently required by an entry level employee; hence respondents were asked same questions.
Additionally, the researcher opted for semi-structured interviews because they make the
organization and analysis of data easy (Cohen ef al., 2007).

However, one disadvantage of semi-structured interviews is the potential loss of relevance of
questions and answers due to the standardized wording of questions (Patton, 1980). Despite
this, other types of interviews such as structured and unstructured could not be used due to
limited choices by respondents and less or no systematic questions respectively.
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The researcher made use of open-ended questions so as to solicit for more information from
respondents, in the event of insufficient information being provided (Adams et al., 2007;
Alshengeeti, 2014) and also to clear up any misunderstandings (Cohen et al., 2007).
Creswell’s (2009) recommendation that qualitative research should use open-ended
questions, also motivated their use. In designing interview questions, the researcher made
sure that each question answers or corresponds to the research questions and objectives. To
improve the quality and level of feedback received during interviews, questions were e-
mailed to respondents beforehand to reduce the risk of respondents being unprepared and
unable to provide full, detailed and accurate responses.

An interview guide consisting of two questions was prepared (see Addendum A). Follow up
questions were used to solicit for additional information or to further explain a concept or
issue. Although, follow up questions were not exactly the same for all the respondents as they
depended on what the respondent had said in answering the main question; in most cases it
was a repeat of the main question but now asking the respondent to address a specific issue or
concept. In instances where the respondent mentioned technologies but did not give an
example, the researcher would prompt for an example. This was important, as it would
indicate whether the technologies used in industry are the same as the ones used in the current
national NCV-IT. This will subsequently determine knowledge and skills needed. However,
it should be mentioned that most respondents gave examples on answering the questions.

After conducting an interview, the researcher would go through it before embarking on the
next, in order to see how the researcher could improve (Cohen et al., 2007). As a result, a
general question was added to the interview guide after the first two interviews. This was
after the researcher realised that it was important to identify the industry or type of business
the respondent’s company was in; rather than for the researcher to assume. This also made it
possible for the researcher not to collect data from companies that are in the same business or
industry; as this would have yielded same data, thereby affecting the representativeness of the
data. From this point, the sequence of questions moved from general to more specific
questions in accordance with Cohen et al. (2007)’s recommendations. This allowed
respondents to relax and feel comfortable, in turn enhancing their chances of answering
questions honestly.

The interviews were carried out as follows: Upon identifying a company, the researcher will
start the process of selecting a participant from the company. As explained in section 3.3, the
participant should be involved in training, mentoring and assigning duties to entry level IT
employees. Additionally, the individual can also be involved in the selection or interview
process when the respective company is hiring entry level IT employees. That is, the
individual is usually responsible for assessing ICT knowledge and skills for prospective entry
level IT employees.

The researcher contacted respondents via e-mail or telephone in order to set up date, time and
place to conduct the interview. In the email or during the telephone call the researcher briefly
explained the purpose of the interview to the respondents and assured them that their privacy
will be protected, that is, their identity and responses will be kept anonymous and
confidential especially in the event of fear of being reported to superiors (Cohen et al., 2007).
This was done after some respondents either refused to be voice recorded or sign the consent
form after the researcher had made a trip to the interview location. At the start of the
interview, the researcher asked respondents to sign a consent form in accordance with the
University of Stellenbosch’s Policy on Research Ethics. In line with Denzin and Lincoln’s
(2005) recommendation, steps were taken by the researcher to make sure that the respondents
and researcher’s lives were not in any kind of danger. To avoid data loss and distortion, a
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digital audio recorder was used to record the proceedings of the interviews. This was also
important for the researcher; as an inexperienced interviewer and researcher, during data
analysis and review of the interview (to see how the interview process could be improved),
the researcher was able to listen to the interview again. Recording also ensured the
availability of evidence in case a respondent or any other person requests. The researcher also
made notes during the interview, in order to attract and increase the attention of respondents
(Saunders et al., 2007); this motivated them to give more information. This was also
important in case the recording equipment fails. Notes were also used to capture non-verbal
aspects which are normally filtered by audio recording; yet they give more information
(Cohen et al., 2007).

After the interview, the researcher would save and store the audio file on his laptop and on
the cloud. Audio files were saved as Company 1 to represent the first company, Company 2
to represent second company and so on.

3.4.2 Curriculum review

One of the objectives of this study was to identify knowledge and skills developed by the
current national NCV IT curriculum. In order to meet this objective, the researcher analysed
subject guidelines and/or syllabi of nine core vocational subjects of the current national
NCV-IT curriculum. Additional documents; subject assessment guidelines for each core
vocational subject were also reviewed. These guidelines state what knowledge and skills
students should demonstrate during and after the course. The following section outlines how
these documents as well as interviews were analysed.

3.5 Data Analysis

Data analysis is a process of making sense out of data gathered during research. It is a
rigorous process that involve preparing the data, understanding the data, analysing the data,
representing the data and interpreting the data (Creswell, 2009). Two approaches to data
analysis exist: deductive and inductive (Braun and Clarke, 2006; Saunders et al., 2007;
Cohen et al., 2007; Creswell, 2009). Thomas (2003: 2) asserted that:

the purpose of the inductive approach is to allow research findings to emerge from the
frequent, dominant or significant themes inherent in raw data, without the restraints
imposed by structured methodologies. Key themes are often obscured, reframed or
left invisible because of the preconceptions in the data collection and data analysis
procedures imposed by deductive data analysis such as those used in experimental and
hypothesis testing research.

The definition and purpose of inductive analysis as stated above matched the aims and
objectives of this study. Among the objectives of this study was to: a) identify knowledge and
skills required by the ICT industry for entry level employees, b) identify knowledge and
skills developed by the current national NCV-IT curriculum. In order to meet these
objectives, findings (knowledge and skills) had to emerge from the data collected, not from
the researcher’s pre-existing conceptions. If this was the case, the whole study would have
been meaningless, as this will neither meet the aims of the research nor answer the research
question. Therefore, an inductive analysis approach was adopted for this study. In addition,
various authors (Braun and Clarke, 2006; Saunders et al., 2007; Creswell, 2009) argue that
interpretive qualitative research generally follow an inductive analysis approach.

Different inductive analysis approaches can be applied to qualitative data such as grounded
theory, discourse analysis, thematic analysis, phenomenology and narrative analysis (Thomas
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2003; Braun and Clarke, 2006; Creswell, 2009). However, Creswell (2009:184) argues that,
“despite these analytical differences...qualitative inquirers often use a general procedure that
outlines the steps in data analysis”. Braun and Clarke (2006:86) agree with this view and state
that “qualitative analysis guidelines (procedures) are exactly that- they are not rules, and,
following the basic precepts, will need to be applied flexibly to fit the research question and
data.” In this study, the researcher followed a thematic analysis approach as it fitted the
research question, research objectives and data.

Braun and Clarke (2006:79) defined thematic analysis as “a method for identifying, analysing
and reporting patterns (themes) within data”. Braun and Clarke (2006: 82) noted that a theme
“captures some important features about the data in relation to the research question and
represents some level of patterned response or something within the data set”. They
contended that researchers need to practice flexibility when defining what constitutes a
theme. They cautioned against using “quantifiable” measures to make decisions on the
importance of themes (2006: 82) but rather on “whether it captures something important in
relation to the overall research question”. These characteristics of thematic analysis
necessitated its use in this study. The use of thematic analysis was also motivated by lack of
research in NCV-IT programme and the TVET sector (Braun and Clarke, 2006).

Thematic analysis involves six phases or steps of analysing qualitative data (Braun and
Clarke, 2006). Analysis is not a linear process, but a recursive process that involves moving
back and forward between the phases as illustrated in Figure 3.1 below.

Figure 3. 1: Six phases of thematic analysis

Phase 4
Reviewing themes

Phase 3

Searching for
themes

Phase 6

Producing the
report

Phase 1

Familiarising
yourself with data

Source: adapted from Braun and Clarke (2006)

Thematic analysis was applied to interviews conducted with companies as well as in the
document review of the current national NCV IT curriculum. The analytical processes taken
are outlined below.
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3.5.1 Data analysis of interviews

The first step in the analysis process was to organize and prepare the data. This step involved
transcribing interviews using audio recordings and field notes that were taken during the
interview. This was a strenuous and time consuming exercise. However, it was a key step in
in the analysis process as it gave the researcher the opportunity to familiarise himself with the
data; enabling him to get a general idea of what the respondents were saying. The researcher
will go through the transcribed interview and recordings a number of times. During this step,
the researcher will go back to the recordings and field notes to make sure that the interviews
have been transcribed correctly, that is, validating the accuracy of the information. After this
step, the researcher moved to the coding phase. As someone new to qualitative research, the
researcher opted for manual coding over computer aided coding using a software program, to
develop a better understanding of qualitative analysis. In addition, software programs take
time to learn before one can use them effectively, which the researcher did not have.
Rossman and Rallis (1998: 171) defined coding as “the process of organizing the material
into chunks or segments of text before bringing meaning to information”. Charmaz (2006:
43) defined coding as “the process of defining what the data are about ... coding means
naming segments of data with a label that simultaneously categorizes, summarizes and
accounts for each piece of data”.

To develop codes, the researcher worked from the transcribed interviews. The coding process
was done as follows: After familiarising himself with all the recorded interviews as stated
earlier, the researcher selected the most interesting interview from the transcribed interviews
as he envisages that it was going to be easy to understand and interesting to code. Sections or
segments of text that were important to the research question and objectives were written
down in the margins (See addendum B for an example of a transcribed and coded interview).
That is, the codes (sections or topics) represented information relevant to the study. With this
list in hand, the researcher will go back to the transcribed interview as well as listening to the
recording a number of times whilst making changes to the list. That is, refining, combining,
removing and adding topics, sections or words to the list. After the codes were developed,
similar topics were clustered together into two main categories, namely knowledge and skills.
This process was repeated for each of the fifteen participants. At the end of this process, the
researcher had a table listing topics or key text segments as identified by each participant.
These tables are presented in section 4.1.1 of this dissertation.

The next step of analysis moved to assembling data belonging to each category of knowledge
and skills in one place for all the fifteen participants. That is, the researcher sat down with the
fifteen lists developed earlier and went through the process of searching for similar topics and
grouping them together- searching for themes. That is, at this stage, the analysis moved to the
phase of searching for themes or descriptions. The researcher would make sure that the
collated coded data extracts form a coherent pattern before finalising the theme. This process
involved finding the most descriptive words based on: actual words of participants, literature
and common sense. This process yielded eight themes. The researcher would continuously
listen to the recorded interviews and transcribed interviews a number of times to make sure
that codes and themes were exhaustive as suggested by Cohen et al. (2007) as well as
validating the accuracy of the information.

3.5.2 Analysis of the national NCV-IT curriculum

After familiarising himself with the current national NCV IT curriculum, the researcher went
through the rigorous process of line-by-line summarising and the listing of topics (Tesch,
1990) covered in the subject guidelines of all vocational core subjects. Line-by-line analysis
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of text is helpful as it forces the researcher to look at the data again (Charmaz, 2006). The
current national NCV-IT curriculum consists of nine core vocational subjects. Due to the
number of subjects, a summary of topics covered in the respective subjects as well as the
assessment criteria are listed and attached as addendum C; otherwise, the amount of data
would have been enormous.

Among the objectives of this study was to determine the existence or non-existence of
knowledge and skills gaps between the NCV-IT curriculum and the ICT industry needs in
South Africa. In order to meet this objective and subsequently answer the research question,
the summarised topics (from curriculum review) were not turned into categories or themes,
but were compared against the categories or themes that emerged from the analysis of
interviews. This comparison was necessary for bringing similarities, commonalities and
differences between the two data sets. This is discussed in the next chapter.

3.6 Research validity and reliability

Validity and reliability are used to test and evaluate the quality of data, research design
methods and the accuracy and credibility of the research results (Adams et al., 2007). The
following sections discuss how the validity and reliability of this study were enhanced.

3.6.1 Validity

Cohen et al. (2007) states that, validity is central to a successful research for invalid research
is worthless. Internal and external validity are the two common types of validity that are
generally examined in research methods (Adams et al., 2007). Internal validity refers to the
accuracy of the research findings in relation to the phenomena under study (Cohen et al.,
2007). According to Cohen ef al. (2007), internal validity can be increased by selecting an
appropriate research methodology, research tools and sample. In the researcher’s opinion and
based on literature, an appropriate research tool, methodology and sample were selected.
Also, in order to increase internal validity and reduce bias, respondents’ views and opinions
were respected; interviewees were asked the same questions in the same order; follow up
questions were used to clear any misunderstandings; the researcher did not lead interviewees
into what he wanted; data was not selected unfairly and finally, data was accurately reported.

External validity, also referred to as generalizability, refers to the extent which one can
generalise or transfer the results to other cases or settings (Cohen et al., 2007; Saunders e/ al.,
2007). According to Saunders et al. (2007), the generalizability of qualitative research using
semi-structured or in-depth interviews is very difficult if not impossible due to the small
sample size and unrepresentativeness of the sample. Creswell (2009) agrees with this view
and states that the intent of qualitative research is not to generalize findings. This qualitative
study used semi-structured interviews; therefore, its generalizability is difficult. However, in
a similar study aimed at determining skills requirements for ERP graduates, Boyle and Strong
(2006) generalized their findings after conducting 105 surveys across the globe. Similarly,
findings of this study can be generalized, albeit to a lesser extent. This will be made possible,
firstly by the fact that the NCV-IT curriculum offered in public TVET colleges in South
Africa is the same, therefore knowledge and skills imparted are the same. Secondly,
companies from different sectors of the ICT industry were selected. However, given that only
fifteen out of more than 23 000 ICT companies (this number excludes companies that fall out
of the MICT SETA (2015) categorization, but have IT departments) were selected, a very
larger number of companies were left out. It is therefore, recommended that the study be
duplicated at a much larger scale.
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3.6.2 Reliability

According to Adams et al. (2007), reliability is necessary for validity. It refers to the
consistency of data, that is, data without bias (ibid). To ensure reliability in this study, the
researcher used the same interview schedule for all the selected respondents. That is, the
researcher did not modify questions, nor change the order thereof. The researcher also
avoided asking leading questions (Alshengeeti, 2014), imposing his beliefs and frames of
reference (Saunders et al., 2007). Furthermore, to enhance the reliability of the data gathered,
a sample representative, given the researcher’s resource constraints, was selected as
described earlier. However, it has to be noted that, the reliability of qualitative findings
derived from semi-structured interviews is problematic as it is not feasible to replicate; since
they reflect reality at the moment they were gathered (Saunders et al., 2007). The
environment, situation and settings are susceptible to change. However, to enhance the
reliability of this study, the researcher has returned notes on research design and justified the
choice of research strategy and methods used to collect the data (Saunders et al., 2007). This
will enable other researchers to understand the process that was used as well as to reanalyse
data collected.

3.7 Ethical considerations

This research was conducted in accordance with the University of Stellenbosch’s Policy on
Research Ethics in conjunction with the Human Research Ethics (Humanities) and Standard
Operating Procedure documents. Before proceeding with data gathering (interviews), the
researcher applied for ethical clearance from the Departmental Ethics Screening Committee,
through the submission of all relevant documentation. The researcher also obtained a
permission letter from the Principal of College of Cape Town where he is currently
employed.

In accordance with the Human Research Ethics, every interviewee was asked to sign a
‘Consent to Participate in Research’ form. The researcher explained the purpose of the study
to interviewees and assured them that their identity would not be revealed, and their
responses will be treated with the highest degree of confidentiality (Cohen et al., 2007). The
researcher intended to submit the findings of this study to DHET. Therefore, he assured
respondents that identities and who said what was not going to be revealed when submitting
the findings to DHET. The researcher also made it clear to the participants that there was no
payment for participating in the research. The researcher also informed participants that if
they were not willing to participate or finish the interview they were free to pull out without
offering any explanation.

3.8 Research Limitations

One of the major limitations of this study is the small scale under which it was carried out.
This study presented findings based on data collected from only fifteen companies in an ICT
industry with more than 23 000 companies. There are a number of companies that were left
out, meaning that not all knowledge and skills required by entry level employees were
covered. Also, this study presented knowledge and skills based on interviews with IT
managers, team leaders, consultants and senior (technicians, programmers, developers,
engineers). Groups such as human resources practitioners, chief information officers,
knowledge management practitioners could have provided more skills and knowledge
requirements for entry level IT employees. In order to cover knowledge and skills
requirements of the ICT industry holistically, future research should have a large sample size
and include as many groups as possible.
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The other limitation to this study was the refusal by a number of participants to be voice
recorded. A number of participants, notably in the banking sector and international
companies would agree to the interview but on being informed that the interview will be
voice recorded and a consent form signed they would refuse. They cited security as their
main concern especially in this era of social media; one will never know where the audio file
will end up. As a result, these companies that formed an important part of this study did not
participate.

3.9 Conclusion

Considering the research problem, the researcher adopted an interpretive research paradigm.
Qualitative data was collected and analysed using thematic analysis. Open-ended questions
using semi-structured interviews and document review of the current national NCV-IT
curriculum were adopted as data collection methods. The next chapter presents data gathered
from interviews as well as data gathered from the review of the NCV-IT curriculum. A
comparison between the two data sets follows.
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Chapter 4: Findings and Discussion

4.1 Introduction

This chapter presents the findings of the study and a systematic analysis of the data collected.
Key findings are summarised and discussed to address the research objectives and answer the
research questions.

Presented first are findings from the review of the current national NCV-IT curriculum;
followed by qualitative data gathered from interviews with companies. Presented last is a
comparison between the two data sets.

The following section presents findings from the review of the current national NCV-IT
curriculum.

4.2 Research findings

This section presents qualitative data gathered from interviews with companies as well as
findings from the review of the current national NCV-IT curriculum. Firstly, findings from
the national NCV-IT curriculum review are presented. Secondly, a summary of key issues
identified by each respondent are presented separately.

4.2.1 Findings from curriculum review

In Chapter 1 section 1.7, the researcher outlined the scope of this study. One of the
boundaries of this study, that is worth reiterating at this stage, is that this study did not seek to
analyse and understand how the current national NCV-IT curriculum is delivered and
executed at TVET colleges. This is because the aim of the study was to ascertain the
relevance of knowledge and skills imparted by the current curriculum to the needs of the ICT
industry in South Africa. In other words, the study did not seek to find out whether colleges
are well resourced in terms of equipment and human resources among other things necessary
to offer the course. Whilst these issues might have an effect on the type and quality of NCV-
IT graduates, the study focused on the content of the NCV-IT curriculum. In other words, the
study focused on the topics, subject outcomes and learning outcomes outlined in the
curriculum. Whether these topics, outcomes and related issues are covered and achieved
respectively was not part of the aims and objectives of this study. Another boundary worth

mentioning is that the study only considered core vocational subjects as explained in chapter
1.

The National Certificate (Vocational) - Information Technology and Computer Science is a
three-year qualification, which consists of three levels. The structure and combination of
subjects for NCV-IT Level 2, 3 and 4 is shown in Table 4.16.
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Table 4. 1: NCV-IT subject matrix- 2017

Key: (O) = optional subjects. *Optional subjects can also be chosen from any other

programme.

Level 2 Level 3 Level 4
SAQA ID NO: 50440 SAQA ID NO: 50442 SAQA ID NO: 50441

Fundamentals. | e English/Afrikaans/IsiXhosa | ® English/Afrikaans/IsiXhosa |#English/Afrikaans/IsiXhosa
The 3 (First Additional language) (First Additional language) (First Additional language)
fundamental ) ) ) ) . . . . .
subjects are | © Life Orientation e Life Orientation eLife Orientation
compulsory e Mathematics OR | ¢ Mathematics OR |eMathematics OR

Mathematical Literacy Mathematical Literacy Mathematical Literacy
The 3 core | e Electronics e Computer Hardware and jeComputer Programming
vocational ) ) Software L
subjects are | ® Introduction to Information eData Communication and
also Systems e Principles of Computer Networking

P i . .
compulsory‘. A'| e Introduction to Systems FOSramming o Systems Analysis and Design
4th  vocational Development e Systems Analysis and
subject  must Design e Contact Centre
be taken but can e Contact Centre Opel‘atiOHS(O)*
also be a Operations(O)* e Contact Centre OR
vocational Operations(0)*
¢ OR . . .

subject from OR ®Multimedia Service (O)*
another e Multimedia Basics (O)*
programme e Multimedia Content (O)*

Source: (DHET, 2017:1, 3)

One of the objectives of this study was to identify knowledge and skills developed by the
current national NCV-IT curriculum. In order to meet the objectives, subject guidelines and
subject assessment guidelines, for the three core vocational subjects per level, were
respectively analysed. The subject guideline outlines topics, subject outcomes and learning
outcomes, whilst the assessment guideline outlines what knowledge and skills should be
assessed and how they will be assessed. Knowledge and skills developed by the current
curriculum were identified from this analysis.

The next paragraphs give a synopsis of each of the nine core vocational subjects listed in
Table 4.1. This is followed by a brief description of requirements necessary for NCV-IT
certification. A detailed summary of topics covered per subject together with assessment
criteria is given in addendum C and a subject guideline for Computer Programming Level 4
is included in addendum F.

Electronics

In electronics, students are introduced to knowledge and theoretical concepts of engineering
and applied physics that focus on the design and application of devices, usually electronic
circuits, the operation of which depends on the flow of electrons for the generation,
transmission, reception and storage of information. Students are also introduced to various
electronic parts and their functions. These include programmable logic controllers; such
components are important in the development of computer systems and related technologies.
In addition, students gain knowledge and skills of how to handle and assemble electronic
components. Students build actual circuits, see, and measure the effects that the different
components have on the electrical circuits.
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Introduction to Information Systems

Introduction to information systems imparts students with a solid foundation of important
concepts in information technology. Students also gain an understanding of information
needs of organizations and the information systems, tools and technologies used to support
management and add value to organisations.

Introduction to Systems Development

In introduction to systems development, students are introduced to the principle of problem
solving using a computer programming language. The subject also gives students the
foundation necessary to understand and develop computer programs and applications. On
completion, students should be able to identify and solve systems development problems
faced by businesses and organisations by collecting, organising, analysing and critically
evaluating relevant information.

Computer Hardware and Software

In this subject, students learn about various computer components and their respective
functions. In other words, students are able to identify computer components and gain an
understanding of how they all work together. In addition, students gain knowledge and
understanding of computer hardware, application and system software. In computer hardware
and software, students are imparted with knowledge and skills that enable them to assemble,
fix and install computer hardware and software. Students also develop both hardware and
software troubleshooting skills.

Principles of Computer Programming

Principles of computer programming enable students to understand the principles of
programming through the use of a current programming language. Students develop software
design principles as well as software testing skills. Students will also be able to identify and
solve problems, and collect, analyse, organise and critically evaluate information that is
related to computer programming.

System Analysis and Design

Systems analysis and design at Level 3 introduce students to important foundational steps and
concepts to the analysis of organisational systems. Students are imparted with knowledge and
skills necessary to collect, organise and analyse data related to businesses and organizations.

Computer Programming

Computer programming builds on the knowledge and skills developed in introduction to
systems development and principles of computer programming at Level 2 and 3 respectively.
Computer Programming involves the designing and programming of well-tested and user-
friendly computer based solutions to meet specific requirements.

Data Communication and Networking

Data communication and networking provide students with knowledge and understanding of
how computer networks operate. In other words, students develop basic and complex
concepts related to data communication, computer networking, designing and installation of
local area computer networking. In this subject, students develop network installation skills
as well as network troubleshooting skills.

System Analysis and Design

At Level 4, system analysis and design builds on knowledge and skills developed in the same
subject at Level 3. At Level 4, system analysis and design provides students with a broad
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understanding of how to conduct a systems analysis starting with information gathering and
moving on to data analysis. Based on the findings from the analysis, students develop
knowledge and skills on how to design and implement computer systems.

The following paragraphs give a brief description of requirements necessary for NCV-IT
certification.

NCV-IT certification requirements

There are three compulsory components in all core vocational subjects. The three compulsory
components are internal continuous assessment (ICASS), integrated summative assessment
task (ISAT) and external examination. ICASS is made up of two practical assessment tasks
(PAT) and three internal assessments (theoretical examinations written at the end of each
term). PATs are regarded as the closest that NCV-IT students can get to the workplace,
therefore, DHET places highest importance on them as the only way to reduce the gap
between classroom learning and the workplace. As a result, a third and final practical
assessment is included in the form of an ISAT. The pass mark for all the core vocational
subjects is 50% for both internal (ICASS and ISAT) and external assessment. An external
examination is a theoretical assessment written at the end of the year. In order to be
ultimately certified, students must pass all the core vocational subjects at each level. In other
words, to obtain the NCV-IT NQF Level 4 certificate, all core vocational subjects must have
been passed.

The next section presents the findings from the interviews conducted.

4.2.2 Findings from interviews

As explained in Chapter 3, interviews were conducted with fifteen companies from the South
African ICT industry. See Table 3.1 in Chapter 3 for a detailed description of the company
profiles as well as the profiles of the respondents. To begin the process of analysing the
qualitative data generated from interviews, the researcher began by transcribing each
interview. The coding process, which involved writing down sections or segments of text that
were salient to the research question and research objectives, followed this (see addendum
B). Given the researcher’s background in the ICT industry and TVET sector, these segments
of text or topics were concepts or ideas that are considered important in the field of ICT. That
is, some of these topics were known theories and concepts in the ICT field. In some
instances, the respondent would have explicitly stated that, the information was important.
Codes were also formulated based on literature as well as from common sense. To reduce
bias, the researcher stayed as close as possible to the transcribed interviews as well as
recordings. Again, using the researcher’s knowledge of the ICT field, codes were combined,
added, removed, refined and redefined as the coding process continued. The next step was to
present results from the coding process.

There are various ways of presenting and organising interview data including; per participant,
per question, by an issue and per instrument (Cohen et al, 2007). Among the objectives of
this study was to identify knowledge and skills requirements of the ICT industry in South
Africa; these were identified by conducting interviews with companies. To present the
findings in an understandable and detailed manner, the researcher decided to present (coded)
responses per participant. This was also important for showing various knowledge and skills
requirements, as participants were drawn from various industries and sectors. Presenting data
this way made the grouping of similar codes from various participants and subsequent
formulation of themes easy.
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Based on the coded results and the research question, data was grouped into two categories,
namely: knowledge and skills. The key concepts or topics raised by each respondent under
each category are listed in the following tables. Key concepts related to knowledge required
by an entry level IT employee are listed under the column ‘Knowledge’. This knowledge is
necessary for entry level IT employees to be able to execute their duties as assigned to them
by the respective company. The second column ‘Skills’ indicates a summary of key skills
identified by the respondent as necessary for entry level employees to execute their duties

efficiently and effectively.

Table 4. 2: Interview data from Company 1

Knowledge

Skills

e Knowledge of computer components
and how they operate together.

e Knowledge of operating systems
such as Windows and Linux.

e Knowledge of application software
such as Microsoft packages.

e Knowledge of IP addresses, static
and dynamic configuration.

¢ Basic networking concepts.

e Basic knowledge of network
operating systems such as Windows
server 2016 and Linux.

e Knowledge of vendor based
technologies.

Ability to assemble and configure
various hardware computer
components.

Install and configure desktop
operating systems (both Linux and
Windows).

Install (application) software.

Install network operating systems
such as Microsoft Windows server
2016 and Linux.

Ability to configure network servers.

Ability to configure dynamic and
static IP addresses.

Perform network support services.

Ability to add or join a computer to
a network.

Data gathered from interview with Company 2 is presented in Table 4.3 below.

Table 4. 3: Interview data from Company 2

Knowledge

Skills

e Knowledge of object oriented
programming.

e Understand the concepts of software
development.

e Knowledge and understanding of
different types of forms such as web
forms, windows forms etc.

e Knowledge of industry software
development best practices.

e Knowledge and understanding of web

Ability to write computer programs.

Ability to write a code using an object
oriented language such as Java, C#,
VB.NET etc.

Ability to use a scripting language to
develop a website.

Debug and maintain computer
programs.

Ability to review a code.

Ability to transform objects into
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scripts. business solutions.

e Knowledge and understanding of user e Create databases.

interfaces (UI) design concepts. e Ability to design and develop UL

e Understand the concept of objects as
they relate to a business.

e An understanding of business
processes and concepts.

e Knowledge and understanding of
business or system specifications.

e Knowledge of basic accounting,
human resources and marketing.

e Knowledge of Windows and UNIX
operating systems.

e Knowledge of computer components
and related hardware.

e Knowledge of computer networks.
e Knowledge of relational databases.

e Knowledge of foreign keys and
primary keys.

e An understanding of computer
hardware and software and how they
all work together.

Table 4.4 below shows data gathered from interview with Company 3.

Table 4. 4: Interview data from Company 3

Knowledge Skills

e An understanding of all IT aspects. e Solve problems using computer

e Understanding of databases. systems.

e Ability to use technology to solve

e Understanding of software
problems.

development concepts.

e Understanding of system analysis. * Write a computer code using Java.

e Knowledge of cyber security and * Install and use Kali Linux.

computer security. e Ability to use Kali Linux to

e Knowledge of cyber security models implement cyber security.

(predict, protect, detect and respond) e Create flow chats.

and tools. e (reate a database, install and
e Knowledge and understanding of upgrade the database  (using

computer components and how they Windows and Oracle).

operate.

e Manipulate a database  using
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Knowledge and understanding of
programming languages.

Knowledge of systems
approach.

thinking

Understanding of business problems.

Basic understanding of business
processes.

Knowledge of mobile applications.

Knowledge and understanding of
tables, foreign keys, relationships
(inner and outer joints).

Knowledge of open source and
licensed software products.

Understanding of MySQL.

Knowledge of Internet and computer
communication.

Knowledge of various network types
and network topologies.

Knowledge of network cables and
associated hardware.

Knowledge and understanding of
network design.

Knowledge of Kali Linux.

Knowledge and understanding of
various network servers.

Knowledge of
technologies.

vendor  based

Knowledge of mobile applications.

Knowledge and understanding of
assembly languages.

MySQL.

Install desktop operating systems
such as Windows and Linux.

Configure desktop computers.

Install network operating system
such as Windows, Linux and UNIX.

Activate and
applications.

configure  server

Manage network operating systems.

Configure IP address on servers and
clients.

Install cables.
Terminate cables.

Identify different networking
devices (routers, switches and hubs)

Ability to maintain and troubleshoot
a network.

Data gathered from interview with Company 4 is presented in Table 4.5 below.

Table 4. 5: Interview data from Company 4

Knowledge

Skills

Knowledge and understanding of IT
and computers in general.

Knowledge of website development

Install Linux, Ubuntu and Windows
operating systems.

Configure a router.
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processes.

Knowledge of different
programming  languages  (Java,
HTML)

Understanding of computer
hardware and how the various
components interact.

Knowledge of computer
communication.

Knowledge of routers and switches

Knowledge and understanding of
routing and switching concepts.

Knowledge of network operating
systems.

Knowledge of IP address (IPv4 and
IPv6), subnet masks and sub
networks.

Knowledge of network cables
(copper and fibre optic).

Knowledge of data centres.
Knowledge of cloud computing.

Knowledge and understanding of
virtualization concepts.

Knowledge of TCP/IP.

Understanding network protocols
(DHCP, DNS etc.).

e Configure a switch.
e Configure routing protocols.
e Terminate and install cables.

e Develop a website using either
HTML or Java or any other
language.

e Configure IP addresses (IPv4 and
IPvo6).

e Subnet networks.
e Install network operating systems.

e Configure DHCP and DNS servers.

Data gathered from interview with Company 5 is presented in Table 4.6 below.

Table 4. 6: Interview data from Company 5

Knowledge

Skills

Knowledge  of  different IT
environments.

Knowledge of C and Intel compilers.

An understanding of system life
cycle.

Knowledge and understanding of
system integration and migration.

Knowledge and understanding of

e Install desktop operating systems-
Ubuntu and CentOS.

e Install network operating systems-
Linux Redhat and Windows server
2016.

e Install vendor based software.

e Maintain computer systems.
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system maintenance.

Knowledge and understanding of
system administration.

Knowledge of troubleshooting
concepts and techniques.

Knowledge of operating systems,
such as Ubuntu, Redhat and CentOS.

Knowledge and understanding of
clusters.

Knowledge
software.

of vendor based

Knowledge and understanding of
networking concepts.

Knowledge and understanding of
virtualization and  virtualization
technologies (VMware).

Knowledge and understanding of
cloud computing.

Understand business processes.
Knowledge and understanding of
programming languages.

An understanding of the link
between programming languages,
compiler vendors and processor
vendors and hardware in general.

Knowledge of IT infrastructure.

Understand the link between
computer hardware and computer
software such as operating systems.

Knowledge and understanding of
systems analysis.

Upgrade computer systems.
Update software and programmes.
Patch systems.

Install, and

VMware.

Troubleshoot both hardware and
software problems.

configure optimize

Configure software.
Configure networks.

Create, add and delete users on the
network.

Ability to analyse systems.

Ability to solve business problems
using computers.

Ability to gather user requirements.

Ability to turn user requirements
into system requirements.

Table 4.7 below shows interview data gathered from Company 6.

Table 4. 7: Interview data from Company 6

Knowledge Skills
e An understanding of business e Ability to gather both system and
concepts. user requirements.

Knowledge of business analysis

Ability to understand client needs.
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concepts.

Knowledge and understanding of the
Model View Controller (MVC)
concept or framework.

Knowledge and understanding of Ul
and user experience (UIX) concepts.

Understanding of how MVC, UI,
UIX and Oracle work together.

Knowledge and understanding of the
Codelgniter framework.

Knowledge and understanding of the
Angular framework.

Knowledge and understanding of the
Laravel framework.

Knowledge and understanding of
database concepts.

Knowledge of MySQL.

Knowledge and understanding of
web and mobile applications.

Knowledge and understanding of
mobile operating systems - Android
and 10S.

Knowledge of
programming.

Internet/web

Knowledge and understanding of
web content management systems
(CMS).

Knowledge and understanding of
mobile programming.
Knowledge and understanding of
hybrid programming.

Knowledge of object
programming languages
Java, PHP and .NET.

oriented
such as

Knowledge of different software
development environments.

Knowledge and understanding of
current  software  development
industry best practices.

Knowledge of network operating
systems such as Windows server and

Understand user/client requirements.
Create user interfaces.

Install  Oracle, MySQL and
Windows based databases.

Add, delete or modify entries in a
database.

Manipulate databases using
structured query language (SQL).

Install Windows and Linux

operating systems.
Write a code.
Debug a code.

Develop mobile
Android and i0S.

applications in

Develop web applications for
different environments.

Develop hybrid applications.
Solve business problems.

Ability to  develop technical
solutions to business problems.

Ability to troubleshoot hardware,
network and software problems.
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Linux.
e Knowledge of computer networks.

e Knowledge and understanding of
network security.

e Knowledge of computer components
or IT infrastructure and how they
operate together.

e Knowledge and understanding of
business analysis concepts.

Data gathered from interview with Company 7 is presented in Table 4.8 below.

Table 4. 8: Interview data from Company 7

Knowledge

Skills

¢ An understanding of basic computer
components (hardware and software)
and computing elements.

e Understand computer languages;
binary and hexadecimal.

e Knowledge and understanding of
different environments or platforms.

e Knowledge of operating systems
such as 10S, Windows and Linux.

e Understanding of computing
processes of input and output.

e Knowledge and understanding of
machine programming and fourth
generation languages.

e Knowledge and understanding of the
MVC framework.

e Knowledge and understanding of
data models.

e Knowledge of user interfaces (UI)
e Knowledge of database concepts.

e Knowledge of Windows and
MySQL databases.

e Knowledge and understanding of
software development principles.

e Knowledge and understanding of

e Ability to operate a computer.

e Install MySQL database.

e Configure MySQL server.

e  Write MySQL queries.

e Create tables.

e Normalise tables.

e Manipulate databases using SQL.

e Install Microsoft based database
systems.

e Configure Windows based
databases.

e Write a computer or program code
using C++ and Java.

e Ability to gather user requirements.
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current software development best
practices.

Knowledge of data types such as
integers and strings.

Understand tables, objects, keys,
attributes and products as they relate
to databases.

Knowledge and understanding of
business processes.

Knowledge and understanding of
open source and licensed software

Understand system integration and
scalability.

Knowledge and understanding of
business requirements.

Knowledge and understanding of
system analysis.

Data gathered from interview with Company 8 is presented in Table 4.9 below.

Table 4. 9: Interview data from Company 8

Knowledge

Skills

Understand computer packages such
as Microsoft Office.
Knowledge about computer

hardware components such as CPU,
memory, NIC etc.

Understand how different computer
components interact and work
together.

Knowledge of database theory.

their

Understand  objects  and

associated characteristics.

Knowledge about tables, attributes,

columns, unique and/or primary
keys.

Knowledge of data files both
physical and logical files.
Knowledge of database
programming using database

Ability to tweak computer memory.
Ability to optimize CPU.

Create a database using SQL,
MySQL, Oracle, DB2, Informix and
Microsoft Access.

Write a database query using TSQL.
Ability to manipulate a database.

Ability to add, delete and update
data in a database.

Ability to validate information in a
database.

Create tables.

Ability to administer a database.
Ability to troubleshoot databases.
Ability to do backups.

Ability to perform daily tasks both
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procedures and triggers.
Understand database validation.

Knowledge and understanding of
various error codes in databases.

Knowledge of database services.

Understand decision making in
programming.

Knowledge of Transactional- SQL
(TSQL).

Understand iteration, sequence and
condition in programming.

Knowledge of any
programming languages
Java and C#.

popular
such as

Knowledge and understanding of
web development.

Knowledge of SQL
Integration Service (SSIS).

Service

Knowledge and understanding of
data warehousing.

Knowledge and understanding of
(data) analytics.

Knowledge and understanding of
ETL (Extract, Translate, Load).

Understand cubes.

Knowledge of reporting.
Understanding of business concepts.
Knowledge of business forecasting.
Understand.

Knowledge and understanding of
business performance and
performance indicators.

Knowledge of artificial intelligence.

Knowledge of networking hardware
such as network interface cards
(NIC).

Knowledge and understanding of the
OSI model.

Knowledge and understanding of

manually and
databases.

automatically in

Perform data migration using SSIS.
Write programs.
Create code.

Develop applications (both windows
and web applications).

Debug errors both for code and
databases.

Ability to analyse data.
Ability to write and/or create reports

Ability to extract, translate and load
information in the data warehouse.

Arrange data into cubes.

Create Online Analytical Processing
(OLAP) cubes.

Ability to terminate cables.

Ability to create subnets (Variable
Length Subnet Mask (VLSM) and
Equal sized subnets).

Ability to design networks.
Install network interface cards.
Configure a router.

Configure switches and hubs.

Configure routing protocols.
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TCP/IP protocol suite.

Knowledge and understanding of
DNS and IP protocols.

Knowledge and understanding of
packets and packet switching.

Knowledge and understanding of
routing.

Knowledge and understanding of IP
addresses, IP address classes, subnet
masks and subnetting.

Understanding of business concepts,
business management, business
processes and project management.

Knowledge of accounting.

Data gathered from interview with Company 9 is presented in Table 4.10 below.

Table 4. 10: Interview data from Company 9

Knowledge Skills
e Knowledge of desktop and network e Ability to troubleshoot network
operating systems. problems.

Knowledge of relational databases.
Database concepts.

Knowledge and understanding of
hypervisor and virtualization.

Knowledge of virtualization
technology (resource, server, storage
device and network virtualization).

Knowledge of computer networks.

Diagnosis  and

concepts.

troubleshooting

Knowledge of system monitoring.

Knowledge of computer
components.

Knowledge of database
administration.

Knowledge of foreign and primary
keys.

Configure IP addresses on servers
and workstations.

Design and configure wireless

networks (Wi-Fi).

Install both desktop and network
operating systems.

Configure DHCP and DNS.
Configure firewalls.
Configure proxy servers.
Configure ACLs.

Test for connectivity.

Set up network servers.

Install InterSystems Cache, MySQL
and Microsoft SQL databases.

Configure database schemas.

Create tables.
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Knowledge about database queries.

Knowledge of database
development.

Knowledge and understanding of
database infrastructure.

Knowledge and understanding of
TCP/IP.

Knowledge of server software.
Knowledge of network firewalls.

Knowledge and understanding of
network proxies.

Knowledge of access controls lists
(ACLs).

Knowledge and understanding of
TCP/ UDP ports.

Knowledge of software development
life cycle.

Knowledge of software engineering
processes.

Knowledge of current industry
software development tools.

Differentiate =~ between in-house
software development and
outsourced software development.

Knowledge of how to extract
meaning from a given set of data.

Knowledge and understanding of
data and data warehousing.

Knowledge of reporting.

An understanding of business
processes.

Knowledge and understanding of
business analysis.

Knowledge and understanding of
business intelligence.

Knowledge of business concepts.

Knowledge and understanding of
system implementation and
consultation.

Knowledge and understanding of

Ability to administer a database.

Declare variables.
Ability to do links.

Create foreign keys.

Write simple queries using SQL.

Ability to analyse data.
Ability to write reports.
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mathematics.

Data gathered from interview with Company 10 is presented in Table 4.11 below.

Table 4. 11: Interview data from Company 10

Knowledge

Skills

e Knowledge and understanding of
Boolean algebra.

e Knowledge and understanding of
digital concepts.

e Knowledge of computer application
software such as MS Office.

e Knowledge of computer repairs.

e Knowledge and understanding of
various computer components such
as memory, CIMOS, hard drive etc.

e Knowledge of databases.
e Knowledge of tables.

e Knowledge of foreign and primary
keys.

e Knowledge of indexes as they relate
to databases.

e Knowledge of database
manipulation and administration.

e Knowledge and understanding of
data and/or computer
communication.

e Knowledge and understanding of
software project management.

e Knowledge and understanding of the
OSI model.

e Knowledge and understanding of
encapsulation and de-encapsulation
processes.

e Knowledge of switching concepts.

e Knowledge of routers and routing
concepts.

e Knowledge and understanding of
different networking media.

e Knowledge of distributed systems.

e Ability to gather system
requirements.

e Ability to interpret and build a
system solution from data or
information gathered.

e Ability to troubleshoot computer
hardware problems.

e Ability to disassembly and re-
assembly a computer.

e Create database tables.
e Install and configure databases.

e Ability to diagnose computer
hardware problems.

e Ability to interpret different
hardware and software errors.

e Ability to update basic input/output
system (BIOS).

e Write a database query using SQL.
e Ability to write scripts.

e Ability to write a code.

e Write a report.

e Analytical skills.

e Ability to analyse data.

e Ability to use business intelligence
to harvest data.

e Ability to  extract  valuable
information from given data.

e Problem solving skills.
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e Knowledge of wireless networks
including WiMAX.

e Knowledge and understanding of
ADSL.

e Knowledge of very small aperture
terminal (VSAT).

e Knowledge and understanding of
cloud computing.

e Knowledge of different types of
cloud based systems.

e Knowledge and understanding of
virtualization and  virtualization
technologies.

e Knowledge of business intelligence
concepts.

e Knowledge and understanding of
data analytics.

e Knowledge of business analysis.
e Knowledge of business concepts.

e Knowledge and understanding of
various hardware and software
errors.

Data gathered from interview with Company 11 is presented in Table 4.12 below.

Table 4. 12: Interview data from Company 11

Knowledge

Skills

e Knowledge of computer networks.

e Knowledge of routers and routing
protocols.

e Knowledge of Windows and Linux
operating systems.

e Knowledge of TCP/IP.

e Knowledge of switches and
switching concepts.

e Knowledge of spanning-tree.

e Knowledge of computer components
such as hard drive, CPU, RAM etc.

e Knowledge of firewalls and proxies.

e Knowledge and understanding of

e Install Linux and Windows
operating systems.

e Ability to update firmware.
e Format hard drives.
e Connect network printers.

e Terminate and install network
cables.

e Ability to create subnets.

e Configure firewalls and proxies.
e Configure ACLs.

¢ Install network cabinets.

e Resolve email and login problems.
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data encryption.
Knowledge of HTTP and HTTPS.

Knowledge of copyright principles
and pirated software.

Knowledge of power over Ethernet.
Knowledge of network cables.

Knowledge of IP addresses and
subnetting.

Knowledge of ACLs.

Knowledge of intrusion detection
systems (IDS) and intrusion
prevention systems (IPS).
Knowledge of password
management.

Knowledge of IP telephony and
voice over [P (VoIP).

Knowledge of wireless networks.

Knowledge
points.

of wireless access

Knowledge and understanding of
security applications, appliances and
concepts.

Knowledge and understanding of
computer security threats.

Data gathered from interview with Company 12 is presented in Table 4.13 below.

Table 4. 13: Interview data from Company 12

Knowledge

Skills

Knowledge of different types of IT
organizations.

Knowledge of system development
processes.

Knowledge and understanding of
Microsoft TSQL.

Knowledge of entity relationship

Ability to  convert  business
requirements into technical
requirements.

Write code using Java or .NET.
Ability to use Scrum and Agile.
Gather data.
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modelling (ERM).

Knowledge of Use Case theory
(scenarios and diagrams).

Knowledge of unified modelling
language (UML) concepts.

Knowledge of functional
requirements specification (FRS).

Knowledge of database concepts and
technologies.

Knowledge of set theory.
Knowledge of relational databases.

Knowledge of
design.

Knowledge of Microsoft
Sybase, Teradata and
database systems.

entity relational

SQL,
Oracle

Knowledge and understanding of
business intelligence concepts.

Knowledge of how to turn data into
opportunity.

Knowledge of business intelligence
tools.

Knowledge of visual modelling.

Knowledge of data analysis and
concepts.

Knowledge of different models in
which data can be stored (relational,
multidimensional and tabular).

Knowledge of project development.

Knowledge of business analysis.

Knowledge of software
development.
Knowledge of current software

development tools.

Knowledge of Scrum and Agile
frameworks.

Knowledge of technology trends.

Knowledge and understanding of
crypto currency and block chain

Ability to analyse data.

Ability to turn data into opportunity.
Write a TSQL code.

Write a query.

Ability to install a database.

Ability to use SQL server analysis
services, click view and tableau.

Ability to design systems.

Ability to mine data from an
organization’s computer systems.
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concepts.

e Knowledge and understanding of big
data concepts.

e Knowledge of business concepts.

Data gathered from interview with Company 13 is presented in Table 4.14 below.

Table 4. 14: Interview data from Company 13

Knowledge

Skills

e Knowledge of clients and servers.
e Knowledge of TCP and UDP.

e Knowledge of computer networks.
e Knowledge of TCP/IP.

e Knowledge of the OSI model.

e Knowledge of wvirtual local area
network (VLANS).

e Knowledge of firewalls.

e Knowledge of demilitarised zone
(DM2Z).

e Knowledge of IP addresses.
e Knowledge of ACLs.

e Knowledge of wvirtual private
networks (VPNSs).

e Knowledge of Linux, UNIX and
Windows servers.

e Knowledge of computer
components.

e Knowledge of software development

e Knowledge of object oriented
programming.

e Knowledge of network traffic types
(quality of service).

e Knowledge of project management
concepts.

e Knowledge of software development
cycle models (V-Model).

e Ability to assemble a computer.
e Identify computer components.
e Ability to do backups.

e Ability to install and configure
Linux, UNIX and Windows servers.

e Ability to create a database.
e Ability to update a database.
e Ability to manipulate a database.
e Ability to administer a database.
e Ability to secure a database.

e Ability to set access levels in a
database.

e Ability to configure firewalls.

e Configure IP addresses.

e Ability to create subnets.

e Configure VLANS.

e Ability to create and configure VPN.
e Ability to configure ACLs.

e Write a report for business analysis.

e Ability to use business intelligence
tools like MS excel.

e Ability to write a code in Java, C#
and .NET.

e Ability to interpret a code.
e Ability to extract data or
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Knowledge of the waterfall model.
Knowledge of database concepts.
Knowledge of relational databases.
Knowledge of structural databases.
Knowledge of software testing tools.
Knowledge of business analysis.

Knowledge of business intelligence.

Knowledge of database
manipulation.

Knowledge of database
administration.

Knowledge and understanding of
computer security.

Knowledge of business intelligence
tools.

Knowledge of selenium and SoapUI.

information.
Ability to analyse data.

Ability to create or represent data
(from a computer) using visuals.

Data gathered from interview with Company 14 is presented in Table 4.15 below.

Table 4. 15: Interview data from Company 14

Knowledge

Skills

Knowledge of network

implementation.

Knowledge of wireless and wired
networks.

Knowledge of routers and routing
concepts.

Knowledge and understanding of
internet of things (IoT).

Knowledge of routing protocols.

Knowledge and understanding of
switches and switching concepts.

Knowledge of wireless access points
and wireless controllers.

Knowledge of autonomous and light
weight access points.

Knowledge of internetwork
operating systems (10S).

Configure a router.

Configure OSPF, RIP and BGP
routing protocols.

Optimise routing protocols.
Configure spanning-tree.
Configure EtherChannel.
Use riverbed.

Configure UTM systems.

Install and
Fortinet/FortiGate devices.

configure

Write network policies.
Write a script.
Configure ACLs.

Configure network load balancing,
security and traffic management
using F5.
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Knowledge of network topologies.
Knowledge of riverbed.
Knowledge of Fortinet/FortiGate.
Knowledge of F5.

Knowledge of network and access
policies.

Knowledge of unified
management (UTM) systems.

threat

Knowledge and understanding of
cloud computing.

Knowledge and understanding of
virtualization.

Knowledge and understanding of IP
and MAC addresses.

Knowledge  of
subnetting.

subnets and

Knowledge and understanding of
computer security.

Knowledge of firewalls.
Knowledge of VLANS.

Configure a firewall.
Configure VLANS.

Configure IP addresses.

Data gathered from interview with Company 15 is presented in Table 4.16 below.

Table 4. 16: Interview data from Company 15

Knowledge

Skills

Knowledge of functional and object
oriented programming languages.

Knowledge of software development
processes.

Knowledge of software
concepts or models.

design

Knowledge of web design and
development concepts.

Knowledge of network topologies.
Knowledge of the OSI model.

Knowledge and understanding of
subnetting.

Write a working programme.
Create a database.

Create a relational database.
Terminate cables.

Design a simple network of at least
two computers.

Create subnets.

Ability to type in troubleshooting
commands.

Write a report.

Extract information from a given set
of data.
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e Knowledge of routing concepts. e Documentation skills.
e Knowledge of network cabling.
e Knowledge of database concepts.

e Knowledge of relational and
document databases.

e Knowledge of ERM.
e Knowledge of data mining concepts.
e Knowledge of neural networks.

e Knowledge of data  mining
algorithms.

e Knowledge of fuzzy logic.
e Knowledge of cloud computing.

e Knowledge of virtualization and
virtualization technologies.

4.3 Discussion

In order to generate themes or categories, key concepts, topics and related issues arising
across individual companies as presented in section 4.1 were combined with participants’
responses to the interview question: What knowledge or key theoretical concepts should an
entry level IT employee have? Some of the responses are given below:

“You gonna get a different answer to that question based on different people you
speak to. The entry level skills for a software developer will be different from the
entry level skills for a network engineer, which will be different for entry level skills
for a cyber-security consultant. The entry level skills will differ based on the job or
role that you employ the person in. Further to that even if you have two software
developers working for company A and company B even though they are both being
employed as software developers; the two companies will have different
requirements. That is how broad the IT spectrum is.” (Company 3)

“IT is a fairly broad area; my area of speciality is software development. The other
area as well is IT hardware and networking, which I am not very familiar to, but my
honest understanding by way of what I see is that, students must be very technically
competent.” (Company 2)

“It’s a bit of a broad question, but I think it all depends on what (IT) field the IT
person wants to go into. If you want to do web development and thus his passion and
what he wants he should start by learning different languages that they write websites
in such as HTML, Java whatever it is. If you are more into the server side of things, I
think you should start off with a basic knowledge of how everything fits in. Like how
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a network cable connects a server to a network, that is, the basics of networking.”
(Company 4)

“It is important that when someone is getting into the industry they know the various
theoretical concepts of IT. IT is very broad, it’s not only about software development,
not only about hardware, there is also networking waiting for you, there is also
databases waiting for you, and there is also business analysis. Those are the four I can
say are the main ones.” (Company 6)

“For me I think these days it is a little bit subjective, it depends on the front where
you are coming from, but I would just want to give you an overview of what I think
an IT entry-level employee should have is a broad spectrum, an understanding of the
concepts of IT...understand packages like (Microsoft) office, understand networking,
understand software development... understand computer fundamentals. You must
have basic knowledge of everything in IT, so that when you get further you now
specialise in an area say programming, say database administration, say BI
development, say .NET development.” (Company 8)

“IT is a very broad field; within IT there are a lot of sub disciplines that one will find
themselves in. It will be very unfair for an entry level person to know everything on
software development, networking, database administration, business/ systems
analysis, business intelligence and enterprise architecture.” (Company 13)

“In today’s world IT services are very broad and very varied, you can touch on
network infrastructure, you can touch on system development/product development,
business analysis, data (space of data) etc.” (Company 12)

“I am the Technical lead, and this is not a small organization, it’s a medium to large
organization. My main area of focus is purely in the Technical or system engineering
or system administration, the reason why I mentioned the (organizational) structure is
because within our organization we have software development department, business
intelligence/ business analysis department and the implementation and consultancy
department.” (Company 9)

The analysis of these responses together with interview data collected from all fifteen
companies and presented in tables 4.2 to 4.16 highlighted eight themes within the IT field
with regards to knowledge and skills requirements of entry level IT employees. In line with
ICT practices, these categories are from here on referred to as disciplines. These disciplines
are listed below:

1.

Nk v

Software development

Computer networks

Databases

Computer hardware and software
Business intelligence

Cyber security/Computer security
Business analysis/Systems analysis
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8. Cloud computing and virtualization

Furthermore, knowledge and skills are discipline specific. Therefore, to holistically cover the
knowledge and skills requirements of an entry level IT employee and meet the objectives of
this study, disciplines were analysed individually. The tables below explicate the disciplines
as they emerged from the data analytical process. The tables consist of two columns. The first
column is data from interviews with companies that fall within a specific discipline. In order
to discover commonalities, differences and similarities (Cohen et al., 2007), which will,
eventually answer the research question. The second column is a comparison with curriculum
and lists topics, concepts and related issues covered in the national NCV-IT curriculum. The
second column only lists the topics that are covered by the curriculum and relevant to that
discipline. Each table is followed by a comparison of the two sets of data, with illustrative
direct quotations from respondents used in some instances. The codes, Company 1, Company
2 etc. are used as explained in Chapter 3 to indicate the respondent.

In the following sections, each category of knowledge and skills is discussed separately (see
4.2.1 and 4.2.2).
4.3.1 Comparison between interview data and curriculum: Knowledge

This section is a comparison of discipline specific knowledge as it emerged from interviews
with companies against the content of the current national NCV-IT curriculum.

4.3.1.1 Software development

In Table 4.17, the data gathered on software development knowledge from interviews with
companies is listed. The topics covered by the current national NCV-IT curriculum are
listed. Analysis and discussion follows the table.

Table 4. 17: Data summary on software development knowledge

Data from interviews with companies

Comparison with curriculum

e Knowledge of object-oriented and
functional programming languages.

e Knowledge of machine and assembly
languages.

e Knowledge and understanding of
software development concepts.

e Knowledge and understanding of web
and mobile applications.

e Knowledge and understanding of
mobile operating systems - Android
and 10S.

e Knowledge of Internet/web

programming.

e Knowledge and understanding of web
content management systems (CMS)

e Knowledge and understanding of
mobile programming.

Computer programming Level 4 covers
object oriented programming, objects, web
programming, internet programming, website
development and scripting.

Principles of computer programming Level 3
deals with program design, error handling
and debugging, software development
environments, systems development life
cycle, data structures and user interface
design.
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Knowledge and understanding of
hybrid programming.

Understanding of iteration, sequence
and condition.

Knowledge and understanding of
web, windows forms etc.

Knowledge of different software
development environments or
platforms.

Knowledge of current industry
software development tools and best
practices.

Knowledge and understanding of web
scripts (scripting).

Knowledge and understanding of UI
design concepts.

Understand objects as they relate to a
business.

Knowledge of C and Intel compilers.

Knowledge and understanding of the
Model View Controller (MVC)
concept or framework.

Knowledge and understanding of user
experience.

Knowledge and understanding of UI
and UIX concepts.

An understanding of how MVC, UlI,
UIX and Oracle work together.

Knowledge and understanding of
Codelgniter, Laravel and Angular
frameworks.

Knowledge of V-Model and waterfall
software development life cycle
models.

Differentiate =~ between  in-house
software development and outsourced
software development.

Knowledge of ERM.

Knowledge of Use Case theory
(scenarios and diagrams).

Knowledge of UML concepts.
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e Knowledge of Scrum and Agile
frameworks.

e Knowledge of software testing tools.

e Knowledge of selenium and SoapUI.

Based on the qualitative findings from respondents, an entry level software developer should
have knowledge of both functional and object oriented programming. The current national
NCV-IT curriculum covers procedural programming and not functional. This shows a
mismatch between the curriculum and industry requirements.

The respondents also mentioned a number of software development frameworks, models and
theories as shown in Table 4.17. These include MVC, Codelgniter, Laravel, Angular, Scrum
and Agile; V-model, ERM and UML models; use case theory. The respondents stressed the
importance of these frameworks, models and theories in software development as can be
attested to by the response below. These are not covered in the current national NCV-IT
curriculum.

“I am always given that job, that is, get us someone into the industry these are the
things I look into; do they understand MVC, are they able to link from the MVC the
view to the user experience (UIX) that the designers come up with, are they able now
to link the model on the MVC concepts with the databases we work with, you talk of
Oracle, you talk of MySQL all those are things I look into when picking someone.
These have to be there.” (Company 6)

In addition, respondents mentioned knowledge of mobile application development and hybrid
programming as a requirement for entry level employees. They further underlined the
importance of current industry software development tools and best practices.

“Get into hybrid, learn about hybrid, the thing with hybrid is you are able to build in
one go systems that gonna be able to work on i0S, Android and on Web. Hybrid is
the new thing these days, that is one thing that I also look into when I am getting my
people I am gonna be working with.” (Company 6)

According to comScore, an international analytics company, in May 2014 mobile application
usage surpassed that of desktop as the trend towards mobile continues to grow at a rapid pace
(Lipsman, 2014). The MICT SETA (2012; 2015) agrees with this and states that recent years
have seen an increase in demand for mobile technology knowledge and skills. Respondents of
this study confirmed this and mentioned that knowledge of mobile application development
coupled with hybrid programming is vital for entry level employees as attested to by the
responses above. The current NCV-IT curriculum designed way back in 2007 does cover
neither mobile nor hybrid programming. This shows that the current curriculum is out dated
and urgently needs to be reviewed and updated.

Although the current NCV-IT curriculum covers Internet/web programming, there are a few
concepts such as content management systems, as mentioned by respondents, are not
covered. Also, the NCV-IT curriculum covers user interface concepts but not user experience
concepts which were mentioned as important by companies. This concurs with Tanner and
Seymour (2014) who too found that user experience knowledge is vital for software
developers. Furthermore, ACM/IEEE Information Technology Curricula (IT2017) guidelines
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states that contemporary information technology curriculum should include user experience
as they are replacing traditional user interfaces such as icons and menus by integrating video,
voice, touch and real-time (ACM, 2017).

It can be concluded that the current NCV-IT software development curriculum falls short of
industry requirements, in terms of knowledge, despite having some concepts or areas that are
in line with industry requirements as indicated in Table 4.17.

4.3.1.2 Computer networks

From the interviews, it became clear that entry level IT employees should have knowledge of
computer networks. Responses from companies concerning knowledge of computer networks
are listed in Table 4.18. Computer networking topics covered by the current national
curriculum are also listed. A comparative discussion of the two follows the table.

Table 4. 18: Data summary on knowledge of computer networks

Data from interviews with companies Comparison with curriculum
e Knowledge of computer networks. Data communication and networking Level 4
covers computer networks and

e Knowledge of Internet and computer

o communication, network cables, network
communication.

topologies, switches and switching concepts,
e Knowledge of network cables and | network design, maintenance and monitoring.

associated hardware. It also covers network operating systems,
network administration and networked
computer application software. Networking
hardware and infrastructure such as routers,
e Knowledge and understanding of | switches, servers and hubs.

network design and implementation.

e Knowledge of network types and
network topologies.

e Knowledge and understanding of
network servers.

e Knowledge of routers, routing
concepts and routing protocols.

e Knowledge and understanding of
switches and switching concepts.

e Knowledge and understanding of
packets and packet switching.

e Knowledge of network operating
systems.

e Knowledge and understanding of
TCP/IP protocol suite.

e Knowledge and understanding of the
OSI model.

e Knowledge and understanding of
DHCP and DNS network protocols.

o Knowledge of IP addresses (IPv4 and
IPv6); MAC addresses, address

72




Stellenbosch University https://scholar.sun.ac.za

classes, subnet masks, sub networks
and subnetting.

e Knowledge and understanding of
system integration, migration and
scalability.

e Knowledge and understanding of
system maintenance.

e Knowledge and understanding of
system or network administration.

e Knowledge of  troubleshooting
concepts and techniques.

e Knowledge and understanding of
clusters.

e Knowledge and understanding of
Internet of Things (IoT).

e Knowledge and understanding of
network firewalls, proxies, ACLs and
network policies.

e Knowledge and understanding of
TCP/ UDP ports.

e Knowledge and understanding of
encapsulation and de-encapsulation
processes.

e Knowledge of ADSL, VSAT and
VPNEs.

e Knowledge of VLANS.

e Knowledge of wireless networks,
wireless access points and wireless
controllers.

e Knowledge of autonomous and light
weight access points.

e Knowledge of internetwork operating
systems (10S).

e Knowledge of riverbed.

o Knowledge of IP telephony and voice
over IP (VolP).

Wireless networks are everywhere today; at home, in shopping malls, at coffee shops, at the
airport, at the office, and so on. IP telephony and VoIP have also become popular networking
technologies and concepts of the past decade. As shown in Table 4.19, respondents pointed
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out that entry level IT employees must have knowledge of these technologies and concepts.
However, the current national NCV-IT curriculum does not cover any of these. This shows
that not only is the current national NCV-IT curriculum outdated, but also misaligned with
industry requirements. The curriculum urgently needs to be reviewed and updated so that it is
aligned to the needs of the ICT industry.

The last few years have seen an increase in the number of physical devices such as vehicles,
homes and other appliances being connected to the Internet, marking the dawn of the Internet
of Things. Respondents of this study confirmed this and mentioned that it is vital for entry
level employees to have knowledge of IoT and network clusters; as the internet is no longer a
preserve for computers only. In addition to this, respondents also mentioned VSAT, VPN and
ADSL. These technologies and concepts are not covered in the current national NCV-IT
curriculum. The respondents’ responses are in line with ACM’s (2017) information
technology curricula guidelines for 2017 which states that an information technology
curriculum like NCV-IT should cover knowledge of IoT. This shows that a curriculum
designed more than ten years ago is no longer in touch with current industry realities and
requirements.

Although the current national NCV-IT curriculum covers networking devices including
routers, switches and hubs; it does not cover routing concepts, which was mentioned by
respondents as important in computer networks.

Perhaps, even more remarkable is the fact that the current curriculum covers a little portion of
network protocols, IP addresses, OSI and TCP/IP models and no data encapsulation and de-
encapsulation, MAC addresses, IP subnets and subnetting, TCP and UDP ports. In terms of
IP addresses, respondents reported that knowledge of both IPv4 and IPv6 is important. The
IPv6 protocol is not covered in the curriculum. Yet interview results reveal that these are
considered fundamentals for anyone to understand the concepts of a network. These massive
gaps and misalignments might be the reason why industry prefer industry certifications as
attested to by the responses below.

“I think within the area of networking they should be able to have like your N+
(Network Plus) it is a good qualification, because it will be able to introduce
somebody to the technical concepts such as the OSI model, switching and routing of
data.” (Company 10)

“Entry-level employees I would say just a fundamental of networking which will
probably be your N+ (Network Plus) offered by CompTIA or the Cisco CCNA 1 and
2 perhaps.” (Company 3)

“The other one is N+ certification- which will help in knowing the basics of
networking. From there you can advance yourself by getting certified by major
companies such as Microsoft, HP and Cisco which cover most of the things that deals
with networks.” (Company 14)

The preference of industry certifications may be attributed to the following reasons. Firstly,
industry certifications are developed by industry itself. Therefore, the certifications are
considered relative and in line with industry requirements. Secondly, industry certifications
are current; that is, most industry certifications expire after a period of three years, with
others having an expiration period as low as twelve months. After the twelve months or three
years, the knowledge is considered obsolete and no longer valid as new technologies,
practices and concepts enter the market. The holder of the certificate must seat for a re-
certification exam in order to renew the certification. That is, to update one’s knowledge and
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skills. This concurs with what was pointed out in the review of literature that the shelf life of
IT and computing knowledge is two and half years.

Respondents also mentioned that the knowledge of network and internetwork operating
systems are important for entry level employees. However, the current curriculum covers
ample amounts of application software and little on network operating systems, yet
respondents put more emphasis on the later. There is no coverage of internetwork operating
systems at all. This shows gaps and misalignments between the two.

Additionally, respondents mentioned that knowledge of network firewalls, proxies and ACLs
is vital for entry level IT employees. These are not covered in the current curriculum. This
again shows the gap between the current national NCV-IT curriculum and the ICT industry’s
knowledge requirements.

It can be concluded that not only is the current computer networks discipline (NCV-IT
curriculum) significantly misaligned but also outdated; as respondents mentioned many new
technologies and concepts that are not part of the current curriculum. It should also be
pointed out that some of the concepts covered by the current curriculum are basic to the
extent that companies don’t consider them as a requirement for employment. In other words,
the level of imparted knowledge is too low, compared to the knowledge requirements of the
ICT industry. However, there are some areas of the curriculum which are aligned to industry
requirements such as switching concepts, network topologies, cables and networking
concepts as can be seen from Table 4.18 above.

4.3.1.3 Databases

Table 4.19 shows data summary on knowledge of databases as gathered from both interviews
with respondents and analysis of current national NCV-IT curriculum.

Table 4. 19: Data summary on knowledge of databases

Data from interviews with companies Comparison with curriculum
e Knowledge and understanding of | In Principles of computer programming
database theory and concepts. Level 3: relational databases; tables and
) relationships.
e Knowledge and understanding of P
relational, multidimensional,
document, tabular and structured

In computer programming Level 4: primary
and foreign keys; normalisation; writing
e Knowledge and understanding of | queries using SQL; database programming;
tables, attributes, foreign keys, | data validation.
primary keys and relationships (inner
and outer joints).

e Knowledge of SQL, MySQL and
TSQL.

databases.

e Knowledge of physical and logical
data files.

e Knowledge of database programming,
database procedures and triggers.

e Knowledge of database
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administration.
e Understand database validation.

e Knowledge and understanding of
database error codes.

e Knowledge of database services.

e Knowledge of SQL  Service
Integration Service (SSIS).

Findings from companies indicated that entry level IT employees should have knowledge of
relational, document, structured and multidimensional databases. The current curriculum only
covers relational databases. This shows that there is a gap between industry requirements and
the current curriculum. Furthermore, companies mentioned database administration,
procedures and triggers as important knowledge for an entry level employee. Further,
companies indicated database services and SSIS as important knowledge for entry level
employees. These concepts are not covered in the current curriculum. This shows that the
current national NCV-IT curriculum is not aligned to industry needs in terms of database
knowledge.

The current curriculum deals with the printing of both databases and forms. However, none
of the respondents mentioned this as important knowledge for entry level employees. Also,
the curriculum covers knowledge of SQL and query wizard, whereas on the other hand
companies want knowledge of SQL, MySQL and TSQL. This shows that there is a mismatch
and some of the knowledge imparted by the current curriculum is too low as compared to
high quality knowledge required by companies. This concurs with the notion that was raised
in literature that vocational education has no place in the knowledge economy; as it imparts
low level knowledge and skills that are not applicable in the knowledge economy (see
Chapter 2).

Furthermore, companies mentioned knowledge of logical and physical data files as important
for entry level employees. Such knowledge is not covered in the current curriculum.

However, there are some notable similarities between the current curriculum and industry
requirements as mentioned by respondents in Table 4.19. Despite these similarities,
companies seem to prefer industry certifications over academic qualifications.

“These (databases) usually come with certification qualification attached to them,
where you can write entry level certification, intermediate and senior level
certification which equips you with in-depth technical knowledge. The theoretical
database knowledge you can also get from a database fundamentals course.”
(Employee 12)

As mentioned earlier, industry certifications seem to be preferred as they are relevant and
current. That is, certifications are considered current and impart knowledge which is relevant
and aligned to industry requirements as they are developed by industry. As a result, one of the
respondents suggested that learning and training institutions should consult industry when it
comes to developing course content and qualifications.

“Organizations must probably talk to, say universities and any other organization that
provides these courses to students and then come up with a way of they can sort of
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synthesise the qualifications they are providing vis-a-vis the IT requirements that they
need, some might require certifications such as Cisco.” (Company 5)

4.3.1.4 Computer hardware and software

ACM’s IT2008 curricular framework emphasises that IT graduates require breadth and depth
in information technology, specifically in IT fundamentals (ACM, 2017). Findings of this
research indicate that for entry level IT employees this is indeed the case, with more
emphasis placed on understanding a computer and its various components.

From the interviews, it became clear that entry level IT employees should have knowledge of
computer hardware and software. Table 4.20 lists the responses from companies with regard
to knowledge of computer hardware and software. The topics covered by the current national
NCV-IT curriculum are listed and a comparative discussion of the two follows the table.

Table 4. 20: Data summary on knowledge of computer hardware and software

Data from interviews with companies

Comparison with curriculum

e Knowledge and understanding of all
IT and computer concepts.

e Knowledge of computer components
and related hardware.

e Knowledge of computer packages
such as MS Office.

e An understanding of how computer
hardware and software work together.

e Knowledge and understanding of
Boolean  algebra, binary and
hexadecimal.

e Understand computing processes of
input and output.

e Knowledge of Windows, Ubuntu,
CentOS and UNIX desktop operating
systems.

e Knowledge of open source and

licensed software.

e Knowledge of vendor
technologies and software.

based

e Knowledge of IT infrastructure.

e Diagnosis  and

concepts.

troubleshooting

e Knowledge and understanding of
hardware and software errors.

Introduction to information systems Level 2
covers the following topics: IT components
and concepts; computer storage, input and
output processes; using a computer.

Computer hardware and software Level 3
covers computer architecture; hardware
components;  application and  system
software; diagnosis and troubleshooting.

Principles of computer programming Level 3
deals with Boolean algebra, binary and
hexadecimal numbers.
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As can be seen from Table 4.20 knowledge imparted by the current national NCV-IT
curriculum is in line with what respondents indicated as key knowledge or theoretical
concepts in the discipline of computer hardware and software.

However, despite the alignment, respondents seem to prefer industry certifications ahead of
academic certifications.

“When it comes to hardware and software, your A+ certification should be able to
help you because it has two components, one that looks at the hardware component
and the other at the software component.” (Company 10)

“The skills that you will need are A+ certification; which help you know the basic of a
computer.” (Company 14)

As stated earlier, the preference of industry certifications over academic certificates like
NCV-IT is due to industry’s involvement in the development of the certifications as well as
their relevance to industry requirements. This might explain why the current national NCV-
IT curriculum designed in 2007 without industry participation is misaligned, out dated and
irrelevant to industry knowledge and skills requirements. However, this is not conclusive
given the fact that a comparison between NCV-IT (computer hardware and software
knowledge) and industry knowledge requirements show that the two are in line. This then
raises the question- why NCV-IT graduates are not being employed? This could be attributed
to the unwillingness of industry given that: a) there were not consulted when the current
NCV-IT curriculum was designed and b) industry’s negative perception of NC (V) and
TVET in general.

4.3.1.5 Business Intelligence

The collection, integration, analysis and presentation of business information has become
vital in an increasingly complex, competitive and globally connected business environment.
Respondents of this study confirmed the above statement and mentioned a number of
business intelligence concepts that entry level IT employees should possess. These are listed
in Table 4.21 below.

Table 4. 21: Data summary on knowledge of business intelligence

Data from interviews with companies Comparison with curriculum

e Knowledge of business intelligence | Computer programming Level 4 deals with
concepts. creating reports in databases.

e Knowledge and understanding of data
warehousing.

e Knowledge and understanding of
analytics.

e Knowledge and understanding of
ETL.

e Knowledge and understanding of
cubes.

e Knowledge of reporting.

e Knowledge and understanding of
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business forecasting, business
performance and performance
indicators.

e Knowledge of extracting meaning
from a given set of data.

e Knowledge and understanding of big
data and data analytics.

e Knowledge of how to turn data into
opportunity.

e Knowledge of data  mining
algorithms.

Findings from the research show that the current curriculum barely covers knowledge or
concepts of business intelligence as mentioned by respondents. This is despite the fact that
business intelligence and its associated domains of big data and data analytics are becoming
big and more popular as attested to by the following response. This is in line with the MICT
SETA’s findings that business intelligence knowledge and skills are in demand and did not
exist more than ten years ago (MICT SETA, 2012; MICT SETA, 2015), but have become
mainstream (JCSE, 2016).

“In addition to that, BI or Business Intelligence is becoming a very big area as well.
Data analysis skills are also becoming scarce and also very much in demand.”
(Company 10)

This confirms that the current national NCV-IT curriculum of more than ten years ago is out
dated and has lost touch with industry realities. Therefore, it urgently needs to be reviewed
and updated in order to be aligned to ICT industry requirements.

4.3.1.6 Cyber security/Computer security

The definitions of the terms computer security and cyber security can be confusing; and one
of the respondents stated that most people do not know what cyber security is and what it
involves. In its glossary of key information security terms, the National Institute of Standards
and Technology (NIST) (NIST, 2013:41, 58) defines:

Computer security are measures and controls that ensure confidentiality, integrity, and
availability of information system assets including hardware, software, firmware, and
information being processed, stored, and communicated.

Cyber security as the ability to protect or defend the use of cyberspace from cyber
attacks. In which cyberspace refers to a global domain in the information environment
consisting of the interdependent network of information systems infrastructures
including the Internet, telecommunications networks, computer systems, and
embedded processors and controllers.

Although responses from respondents of this study as well as literature show that, there is a
difference between cyber security and computer security; in practice, there is an overlap
between the two. Therefore, for simplicity in this study, the two domains are presented as
one. From the interviews, it became clear that entry level IT employees are required to have
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knowledge of cyber security and computer security tools and concepts. Such concepts are
listed in Table 4.22. Concepts on cyber security/computer security covered by the current

national NCV-IT curriculum are listed.

Table 4. 22: Data summary on cyber security/computer security knowledge

Data from interviews with companies

Comparison with curriculum

e Knowledge of cyber security and
computer security.

e Knowledge of cyber security models-
predict, protect, detect and respond.

e Knowledge of cyber security tools.
e Knowledge of Kali Linux.

e Knowledge and understanding of
network security.

e Knowledge of demilitarised zone
(DM2Z).

e Knowledge and understanding of
security applications, appliances and
concepts.

e Knowledge of intrusion detection
systems  (IDS) and intrusion
prevention systems (IPS).

e Knowledge and understanding of data
encryption.

e Knowledge of password management.
e Knowledge of Fortinet/FortiGate.

o Knowledge of F5.

e Knowledge of UTM.

e Knowledge of system monitoring.

e Knowledge of copyright principles
and pirated software.

In data communication and networking Level
4: knowledge of network access systems;
knowledge of security exposures and
violations.

In systems analysis and design Level 4:
knowledge of computer security; acceptable
and unacceptable ICT usage; usage policies
and procedures; computer software piracy.

Respondents mentioned that the protection of systems, Internet, networks and data in
cyberspace has increasingly become very important for all businesses. Therefore, entry level
IT employees need to have knowledge of these cyber security tools and concepts. As can be
seen from Table 4.22, the current curriculum does not include knowledge or concepts of
cyber security. For example, respondents mentioned knowledge of Kali Linux, IPS and IDS,
DMZ and data encryption as key for an entry level IT employee. Kali Linux is very important
in cyber security as it used to test, predict, protect and respond to cyber threats and attacks.
The current curriculum does not cover these concepts. Likewise, intrusion prevention and
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intrusion detection systems and mechanisms are not covered, yet they have become very
important for securing businesses’ cyberspace. This shows that the current national NCV-IT
curriculum implemented in 2007 is out dated and out of touch with current industry
requirements.

Additionally, respondents mentioned knowledge of various security appliances and
mechanisms such as UTM, F5 and Fortinet/FortiGate in securing the Internet and wireless
networks as very important for entry level employees. Again, these concepts are not covered.

The current curriculum deals with computer security; acceptable and unacceptable ICT usage,
usage policies, procedures and network access systems. Although some of these corresponds
with what respondents mentioned as some of the key theoretical concepts and knowledge, it
still falls short by a wide margin of what is required of a computer security employee. Firstly,
the curriculum does not cover the entire domain of computer security as defined by industry.
The current curriculum only covers hardware security — specifically personal computer
security and a small portion of network security. There is no coverage of data, disruption of
service, integrity and availability of systems, wireless network security, physical and systems
security as mentioned by companies. Secondly, it is questionable if the knowledge is good
enough to meet industry’s requirements. That is, the level at which the content is pitched at
is lower than industry requirements as attested by the response below.

“In our organization, for cyber security you must have an honours degree in computer
science or information systems. We don’t look for graduates that come from private
colleges or public TVET colleges.” (Company 3)

This finding is in line with some of the notions that were raised in literature that vocational
education (which produces low level skills), specifically in information technology and
computer science programmes does not have a place in the knowledge economy which is
driven by massive technological advancement and dominated by high level technical skills
and knowledge (see Chapter 2).

4.3.1.7 Business Analysis/System Analysis

Table 4.23 shows data summary on knowledge of business analysis/system analysis as
gathered from interviews with companies and review of the current national curriculum.
Following the table is a comparison of the current curriculum and industry knowledge
requirements in the business analysis/ systems analysis discipline.

Table 4. 23: Data summary on knowledge of business analysis/system analysis

Data from interviews with companies Comparison with curriculum
e Knowledge and understanding of | Systems analysis and design Level 3 deals
business or system specifications. with: system analysis concepts; information
systems departments in business

e Knowledge and understanding of

. organizations.
system analysis.

Systems analysis and design Level 4 covers
the following topics: information gathering
for computer systems  development;

e Knowledge of systems thinking analysing information systems; artificial
approach. intelligence, fuzzy logic and neural networks.

e Knowledge and understanding of
business analysis concepts.

e An understanding of business
problems.
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e Knowledge and understanding of
business processes.

e Knowledge and understanding of
business concepts: accounting, human

resources, marketing, business
management and project
management,

e Knowledge of system life cycle.

o Knowledge of functional
requirements specifications.

e Knowledge of neural networks and
artificial intelligence.

e Knowledge of fuzzy logic.

Findings from the research indicated that companies use the terms business analysis and
system analysis interchangeably. However, most responses by respondents show that
companies look at the components of the organization or business holistically not just
computer systems as currently done by the curriculum. As a result, companies mentioned
business analysis, business specifications and business processes as important concepts for
any entry level IT employee. Respondents also mentioned systems thinking as an important
concept for business analysis/system analysis. In other words, it is important for entry level
employees to understand how a business operates and not only focusing on computer
systems. This assists entry level employees in understanding business problems; which was
also mentioned as an important part of business analysis. Once one understands business
problems, it is easy to come up with business solutions, which are ultimately, what
companies, want from employees.

Whilst the curriculum deals with accounting information systems, respondents mentioned
knowledge of accounting as well as marketing, business management, human resources and
project management as important for entry level employees. The current curriculum covers
none of these. This shows a disparity between ICT industry requirements and the current
curriculum.

Furthermore, respondents mentioned functional requirement specifications, which are not
covered in the curriculum.

However, despite the mentioned differences, there are some similarities between the
curriculum and industry requirements as indicated in Table 4.23. Therefore, it is
recommended that the curriculum be updated for it to be aligned with industry requirements.

4.3.1.8 Cloud computing and virtualization

According to Brown (2018), the last five years have seen a sharp increase on cloud
computing by South African companies. He further reported that last year (2017) alone saw
74% of South African companies doubling their cloud computing expenditure (Brown, 2018).
Respondents of this study confirmed this as can be seen from the responses in the table below
and attested to by the verbatim response following the table.

Table 4. 24: Data summary on knowledge of cloud computing and virtualization
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Data from interviews with companies Comparison with curriculum

e Knowledge and understanding of | Cloud computing and virtualization are not

cloud computing. covered in the current national NCV-IT
e Knowledge of cloud based systems. curriculum.
e Knowledge of cloud technologies.
e Knowledge of data centres.

e Knowledge and understanding of
virtualization concepts.

e Knowledge of virtualization and
virtualization technologies (resource,
server, storage device and network
virtualization).

e Knowledge of hypervisors and
VMware.

“It 1s also quite pivotal that one has very good cloud computing skills and
understanding of the various forms of clouds that we have.” (Company 10)

“I touched on cloud computing skills which are becoming quite prevalent and a
common place in many areas. There is also a concept of virtualization, upon which
cloud computing sits. An entry level person should be able to have very good skills in
virtualization. It is also very important that entry level employees have access to and
knowledge of virtualization technologies because they are becoming more and more
prevalent and very much in demand.” (Company 10)

As can be seen from Table 4.24, the current curriculum does not cover cloud computing and
virtualization; yet respondents emphasised that these technologies and concepts are very
important for entry level employees. The lack of coverage of cloud computing and
virtualization knowledge in the current national NCV-IT curriculum confirms that not only is
the curriculum misaligned but also outdated and in urgent need of renewal and review. This is
in line with what emerged from the review of literature, that a computing curriculum has a
life span of two and half years. Therefore, a curriculum (NCV-IT) of more than ten years ago
cannot be relevant today.

4.3.2 Comparison between interview data and curriculum: Skills

As previously mentioned, data gathered from respondents during interviews showed that each
of the eight identified computer disciplines has its own set of skills. This section is a
comparison of industry skills requirements as identified by respondents during interviews
against skills imparted by the current national NCV-IT curriculum.

4.3.2.1 Software development skills

Table 4.25 shows data summary on software development skills as gathered from interviews
with companies and analysis of the current national NCV-IT curriculum. A comparative
discussion follows the table.
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Table 4. 25: Data summary on software development skills

Data from interviews with companies Comparison with curriculum

e Write, test, review, debug and |In computer programming Level 4 students
maintain computer programs or | should be able to write, test, review, debug
codes. and maintain computer programs written in

an object oriented programming language.

Develop HTML  websites, web-based

applications  with  scripting and user

interfaces.

e Write a code using an object oriented
language such as Java, C++, C#,
.NET and PHP.

e Ability to use a scripting language.
e Ability to develop a website.

e Ability to transform objects into
business solutions.

e Ability to design and develop user
interfaces.

e Develop Android and iOS mobile
applications.

e Develop web applications for
different environments.

e Develop hybrid applications.

e Test software using selenium and
SoapUL.

The respondents mentioned that entry level software developers should have scripting, object
oriented programming and web development skills. The most popular programming
languages are Java, C++, C# and .NET. Respondents further noted that entry level software
developers also need user interface development skills. These skills correspond with what the
current national NCV-IT curriculum imparts.

However, respondents also mentioned mobile development skills focusing mainly on
Android and i0OS development skills. The current national curriculum does not cover these
skills. Respondents also mentioned that entry level software developers should have hybrid
application development skills. Again, the current curriculum does not develop these skills.

The most preferred website development language by industry is PHP, whereas the
curriculum focuses on HTML skills. Respondents also mentioned software testing skills
using selenium and SoapUI. The current curriculum does not cover software testing tools.
This shows that there are some gaps and mismatches between the skills imparted by the
current national NCV-IT curriculum and the skills needs of the ICT industry.

4.3.2.2 Computer networking skills

From the interviews, it became clear that entry level IT employees should have computer
networking skills. These skills are listed in Table 4.26. Computer networking skills
developed by the current national curriculum are also listed and a comparison of the two
follows the table.
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Table 4. 26: Data summary on computer networking skills

Data from interviews with companies

Comparison with curriculum

e Install and manage Windows, Linux
and UNIX network operating
systems.

e Activate and configure DHCP and
DNS server applications.

e Administer servers.

e Ability to terminate and install cables.
e Identify routers, switches and hubs.

e Configure routers and switches.

e Configure internetwork

systems.

operating

e Configure and optimise OSPF, RIP
and BGP routing protocols.

e Configure IPv4 and IPv6 addresses
on networking devices.

e Ability to subnet and create VLSM
and Equal sized subnets.

e C(Create, add and delete users and
computers on a network.

e Ability to design and implement
networks.

e Install network interface cards.

e Configure wireless access points and
wireless networks (Wi-Fi).

e Write network scripts.

e Configure VLANSs, EtherChannel and
Spanning-tree.

e Configure VPNs and ADSL.
e Maintain and troubleshoot networks.

e Test for connectivity.

Data communication and networking Level 4
states that students should be able to: install
network operating systems; install networked
computer application software; configure
IPv4 addresses; support local area network
users, that is, add and remove users and/or
computers to a network, install user
applications, prepare log in scripts, maintain
and troubleshoot a local area computer
network.

As mentioned in 4.2.1.3, wireless networks are everywhere today; also common are IP
telephony and VolP networks. Respondents of this study confirmed this and pointed out that
entry level IT employees should have wireless networking skills; wireless access point
configuration skills, IP telephony and VoIP installation and configuration skills. The current
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national NCV-IT curriculum does not develop these skills. This shows that the current
curriculum is out dated and out of touch with industry skills requirements.

Furthermore, respondents mentioned that entry level IT employees should possess router and
switch configuration skills. These skills include configuring and optimising OSPF, RIP and
BGP routing protocols. On switching, the skills include configuring VLANs, EtherChannel
and Spanning-tree. The current national NCV-IT curriculum does not cover these skills. This
shows that there are gaps between the skills developed by the current curriculum and the skills
need of the ICT industry.

With the advent of mobile workers and teleworkers, that is working from home and online,
VPNs have become more prevalent and important by providing a secure private connection
across the Internet. Also linked to this is ADSL, that is, VPNs are in most cases supported by
ADSL. Respondents of this study confirmed this and mentioned that entry level IT employees
must have VPN and ADSL configuration skills. The current national NCV-IT curriculum does
not impart these skills. This again confirms that a curriculum of eleven years ago is no longer
in touch with the realities and requirements of a fast moving ICT industry.

In addition to the above gaps and disparities, the current national NCV-IT curriculum further
falls short in IP addresses and subnetting skills. The respondents mentioned that entry level IT
employees should be able to create subnets and configure both IPv4 and IPv6 addresses. The
curriculum only covers the configuration of IPv4 addresses and leaves out IPv6 which
industry adopted and started implementing a long time ago. The current curriculum does not
develop network-subnetting skills, that is, creating variable length subnets and equal sized
subnets.

Although the current curriculum develops network operating system installation skills, it does
not cover sever administration skills as mentioned by respondents; with DHCP and DNS
server administration skills being the most common ones. Respondents also mentioned
internetwork operating system installation and configuration skills. The current national NCV-
IT curriculum does not develop these skills.

However, despite a myriad of gaps and mismatches identified above, there are still a number
of skills being developed by the current NCV-IT curriculum that correspond to the ones
required by the ICT industry as shown in Table 4.26.

4.3.2.3 Database skills

Respondents indicated that entry level IT employees must possess database skills. Table 4.27
lists the various database skills mentioned by respondents. Database skills developed by the
current national curriculum are listed. A comparative discussion follows the table.

Table 4. 27: Data summary on database skills

Data from interviews with companies Comparison with curriculum

e Ability to create a database. Principles of computer programming Level 3
deals with: creating databases and tables;
adding, deleting and modifying entries in a
e Install Oracle, MySQL and Windows | database.

based databases.

e C(Create flow chats.

* Update and upgrade a database. Computer programming Level 4 deals with:

gathering and reviewing database
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e Write MySQL, TSQL and SQL | requirements; normalising tables; implement
queries. SQL; writing a database code,
troubleshooting databases; validating

e Manipulate a database using MySQL, | 4 .0

SQL, and TSQL.

e Add, delete or modify entries in a
database.

e Ability to validate information in a
database.

e Configure database schemas.

e Ability to administer a database.
e Ability to troubleshoot databases.
e Ability to do backups

e Ability to perform daily tasks both
manually and automatically in
databases.

e Perform data migration using SSIS.
e Create and normalise tables.

e Debug errors for both code and
databases.

e Ability to use SQL server analysis
services, click view and tableau.

e Ability to set access levels in a
database.

As can be seen from Table 4.27 some of the database skills developed by the current
curriculum are in line with industry requirements as mentioned by respondents. However,
there are some notable differences between the two. For example, respondents mentioned that
entry level employees should have data migration skills, database schema configuration
skills, database updating and upgrading skills. The current curriculum does not cover these
skills. Furthermore, entry level employees should be able to set database access levels as well
as performing backups and administering databases.

Additionally, respondents stated that entry level employees should have SQL server analysis,
click view and tableau skills. The current curriculum does not develop these skills.

Furthermore, respondents emphasised that entry level employees should be able to
manipulate a database and write MySQL, TSQL and SQL queries. The curriculum only
covers SQL queries. This shows a gap between the skills imparted by the curriculum and the
skills required by the ICT South African industry.

4.3.2.4 Computer hardware and software skills
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Information technology is a technical practical field; respondents of this study confirmed this
and emphasised the importance of being able to use a computer, computer components and
IT related technologies for anyone to be employable in the ICT industry.

“Any entry level person in IT should be comfortable using a computer, that is, how to
log into a computer, using basic tools such as a mouse, keyboard, accessing the
internet, Microsoft tools, email services etc.” (Company 13)

As mentioned earlier in this chapter (4.2.1.4), computer hardware and software knowledge
and concepts imparted by the current national NCV-IT curriculum are in line with industry
requirements. Consequently, responses from respondents with regard to computer hardware
and software skills showed that the skills developed by the current national curriculum are
comparable to industry skills requirements as shown in Table 4.28 below.

Table 4. 28: Data summary on computer hardware and software skills

Data from interviews with companies

Comparison with curriculum

e Ability to
components.

identify ~ computer

e Ability to operate a computer.

e Install Windows, Linux and UNIX
desktop operating systems.

e Install vendor based software.

e Maintain computer systems.

e Upgrade computer systems.

e Update software and programmes
e Patch systems.

e Troubleshoot both hardware and

software problems.
e Configure software.
e Ability to tweak computer memory.
e Ability to optimize CPU.

e Ability to interpret different hardware
and software errors.

e Ability to update BIOS.

e Ability to disassembly
assembly a computer.

and re-

Introduction to information systems Level 2
covers IT components; using a computer.

Computer hardware and software Level 3
covers computer hardware components;
installation of application and system
software; monitor and maintain computer
systems; computer assembly and
disassembly; diagnosis and troubleshooting.

However, there are few slight differences. For example, respondents indicated that entry level
IT employees should be able to patch systems, update BIOS, optimize computer memory and
CPU, whereas the current curriculum only focuses on the installation of these components.
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Processes such as updating BIOS, commonly known as flashing BIOS are very delicate and
need high level of skill and greater caution (Microsoft, 2011). The current curriculum does
not develop this skill. This shows that the current curriculum is pitched at a lower level than
what the ICT industry wants and expects from an entry level IT employee. As such, skills
(flashing BIOS) are no longer considered high level skills but entry level. It is recommended
that the current curriculum be updated so that it can be at the same level as the requirements
of the ICT industry.

4.3.2.5 Business intelligence skills

In today’s complex, competitive and globally connected business environment, decision
making is vital. Executives, managers and other corporate end users need to make informed
business decisions. Therefore, it has become important for businesses to collect, integrate,
analyse and present business information to make informed decisions. Data gathered from
companies showed that entry level IT employees should have these skills and abilities as
listed in Table 4.29. Business intelligence skills developed by the current national curriculum
are listed. A comparison of the two follows the table.

Table 4. 29: Data summary on business intelligence skills

Data from interviews with companies Comparison with curriculum

e Ability to analyse data. Computer programming Level 4 deals with

. ) creating reports in databases.

e Ability to write and/or create reports. & 1ep

e Ability to extract, translate and load
information in a data warehouse.

e Arrange data into cubes.

e Ability to create Online Analytical
Processing (OLAP) cubes.

e Ability to interpret and build a system
solution from data or information
gathered.

e Ability to mine data from an
organization’s documents and
computer systems.

e Ability to use business intelligence
tools like MS excel.

e Ability to create or represent data
(from a computer) using visuals.

The respondents mentioned a number of business intelligence skills (see Table 4.29) that an
entry level IT employee should possess. The current national NCV-IT curriculum barely
covers or develops any business intelligence skills. That is, business intelligence skills
developed by the current curriculum are negligible; it just about, touches on database
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reporting skills. This shows that there is a large gap between the skills imparted by the
current national NCV-IT curriculum and business intelligence skills requirements of the ICT
industry in South Africa. Respondents mentioned that business intelligence has become a big
area, which continues to grow as businesses continue to use computer technologies to come
up with novel business solutions, processes and products. Therefore, a static curriculum like
NCV-IT implemented in 2007 cannot meet the skills demands of a fast changing ICT
industry. This shows that the current national NCV-IT curriculum urgently needs to be
reviewed and updated, not only in line with skills demands of the South African ICT industry
but also with international ICT curriculum practices as discussed in the review of literature
(see Chapter 2).

4.3.2.6 Cyber security/Computer security skills

As mentioned in section 4.2.1.6 cyber security threats and risks are ever present in our world
today. In 2014, South African companies had an estimated loss of R5.8 billion due to
cybercrime (Alfreds, 2015). This was mainly due to attacks carried out by employees,
hackers and rivals. Three years later in 2017, Venktess (2017) reported that South African
businesses will lose up to R78 trillion by 2021 due to cybercrime. Respondents of this study
emphasised that it is imperative for entry level IT employees to have cyber security/computer
security skills. Table 4.30 lists cyber security/computer security skills as mentioned by
companies.

Table 4. 30: Data summary on cyber security/computer security skills

Data from interviews with companies Comparison with curriculum

e Install Kali Linux. The current NCV-IT curriculum does not

oo . i t b ity/ t it
e Use Kali Linux to implement cyber :1?111)12; o cyber secdlilyfcomputer  Seettlly

security solutions.
e Ability to configure UTM devices.

e [Install and configure
Fortinet/FortiGate devices.

e Configure network load balancing,
security and traffic management on
F5.

e Configure firewalls, proxy servers,
ACLs and network policies.

e Configure IPS and IDS security
appliances.

Although, the current national NCV-IT curriculum develops some cyber security/computer
security knowledge as explained in 4.2.1.6, it does not impart any cyber security/computer
security skills as can be seen from Table 4.30 above. This shows that there is a large gap
between cyber security/computer security skills requirements of the ICT industry and the
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current national NCV-IT curriculum. As mentioned above, the last three to four years have
seen a dramatic increase in cybercrimes in South Africa and the number is expected to grow
exponentially. At an international level, cyber Security Company, McAfee and research
group Center for Strategic and International Studies (CSIS), reported an estimated global
economic loss of $600 billion in 2018 up from $500 billion in 2014 due to cybercrime
(Lewis, J, 2018). They attributed the increase to the use of digital and crypto currencies,
which respondents of this study mentioned. Therefore, it is quite clear that a curriculum
designed in 2007 when networks were small, less interconnected and cyber-attacks, threats
and crimes were minimal cannot be relevant today; where networks have become very
interconnected and attackers and cyber-attacks have become sophisticated.

Additionally, the introduction of mobile workers, virtual data centres and cloud computing
based services has made security a top priority for organizations and at the same time making
security management and implementation complex. It follows then that cyber security
specialists should be more sophisticated than attackers should. That is, security specialists
should have knowledge and skills to out-smart attackers so that they can protect business
computer systems. It is such skills, which the current national NCV-IT curriculum does not
impart. As mentioned earlier, the current curriculum does not cover teleworking (mobile
workers), cloud computing and virtualization (virtual data centres), therefore it does not
develop any skills to secure these modern networking trends. These findings show that, there
is an urgent need for curriculum update and renewal as the current curriculum clearly lags
behind industry skills requirements. That is, the curriculum has completely lost touch with
industry cyber security /computer security skills requirements.

4.3.2.7 Business analysis/System analysis skills

Respondents indicated that entry level IT employees must possess business analysis/system
analysis skills. In Table 4.31 the various business analysis/system analysis skills as
mentioned by respondents are listed. Business analysis/system analysis skills developed by
the current national curriculum are listed. A comparative discussion follows the table.

Table 4. 31: Data summary on business analysis/system analysis skills

Data from interviews with companies Comparison with curriculum
e Ability to analyse systems. In systems analysis and design Level 4
students should be able to gather data and

e Ability to solve business problems

. information  from  interviews,  using
using computers and technology.

questionnaires, documents and personnel
e Ability to gather both system and user | observation. Students should also be able to
requirements. analyse information systems.

e Ability to turn user requirements into
system requirements.

e Understand user/client needs and
requirements.

e Ability to develop technical solutions
to business problems.

e Solve business problems.

91




Stellenbosch University https://scholar.sun.ac.za

Majority of the respondents mentioned that entry level IT employees should have system
analysis skills, data and information gathering skills. These skills correspond with what the
current national NCV-IT curriculum imparts to NC (V) students. Respondents further
mentioned the ability to understand user needs and requirements. Similarly, the current
curriculum develops these skills.

However, respondents mentioned that entry level IT employees should be able to look at a
business or system and identify weak areas and develop and implement a computer solution.
The current curriculum does not cover these skills.

It can be concluded that in terms of business analysis/system analysis skills the current
national NCV-IT curriculum is almost in line with industry requirements. That is, there are
minor differences between the two.

4.3.2.8 Cloud computing and virtualization skills

As mentioned earlier in 4.2.1.8 cloud computing is becoming increasingly more critical to the
South African ICT industry and businesses at large. Respondents of this study confirmed this
and mentioned that entry level IT employees should possess cloud computing and
virtualization skills. These skills are listed in the table below.

Table 4. 32: Data summary on cloud computing and virtualization skills

Data from interviews with companies Comparison with curriculum

e Install, configure and optimize | In the current NCV-IT curriculum, there is no
VMware. coverage of cloud and virtualization skills.

e Install and configure hypervisors.

e Manage and administer VMware and
hypervisors.

As mentioned again in 4.2.1.8 the current national curriculum does not develop any
knowledge or concepts on cloud computing and virtualization. Accordingly, there are no
cloud computing and virtualization skills developed by the current national NCV-IT
curriculum as can be seen from Table 4.32 above. This is despite the fact that, the last few
years have seen an introduction of numerous cloud computing and virtualization industry
certifications (Florentine, 2017). This shows that there is a large gap in cloud computing and
virtualization skills between NCV-IT curriculum and ICT industry requirements. With the
emergence of cloud computing and virtualization technologies, industry responded by
introducing cloud and virtualization certifications; there was no such response from the
national NCV-IT curriculum. This shows that the current national NCV-IT curriculum not
only falls short in skills development but also in curriculum best practices, as it remains
stagnant despite technological changes. It is suggested that the curriculum be updated to be
aligned to industry skills requirements.

4.4 General responses

Interviews with companies generated some general responses. These points are worthy
discussing as they were mentioned by a number of respondents and refer to the NCV-IT
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curriculum as a whole not to specific disciplines as discussed above. These responses also tie
in with what was found in the review of literature. These responses are discussed below.

4.4.1 Mismatch between education and training institutions and industry
requirements

In the review of literature (see Chapter 2), it was found that, IT is moving at a rapid rate such
that education and training institutions are failing to keep pace with industry knowledge and
skills requirements. Likewise, respondents of this study confirmed this as attested to by the
response below.

“IT Industry is evolving at a rapid pace while IT institutions are not able to keep up
with the pace of the evolution in technology and through that we see that the demands
of industry and the realities of what’s happening or being taught at institutions are
misaligned.” (Company 3)

In order to keep pace at an individual level, respondents indicated that entry level IT
employees should always research and learn about new technologies and trends. At TVET
and national levels, the current NCV-IT curriculum designed in 2007 urgently needs updating
in order to align it to the South African ICT industry’s knowledge and skills needs. Also, as
previously suggested in this chapter, national NCV-IT curriculum review must happen after
every three years in line with industry requirements as well as ICT curriculum best practices.

“In terms of knowledge they should be able to research because IT is a constantly
changing trade, so you need to keep up to date with trends.” (Company 13)

“If I was to advice any entry level person or someone who is studying towards an IT
qualification, I would encourage them to be widely read on technology trends; where
technology is going. For example, maybe in today’s world the buzz words are big
data, business intelligence, and crypto currencies and block chain technologies.”
(Company 12)

In addition to the above, another point of mismatch between education and training and
industry is the inclusion of mathematics in an IT and computer science course. Although
most IT and computer science courses have a mathematics module or require that one must
have done and passed mathematics at high school. In addition, some respondents of this study
mentioned that entry level IT employees must have a mathematics background. However, one
respondent indicated that this practice might be a misalignment as attested to by the following
verbatim response.

“We have people that have not done computer science, they have actually done
politics and administration, but he is currently working in software development and
they are one of good developers we have in our team. This throws away the idea that
many universities want students to do computer science only if they had done
mathematics at Matric level. That way you have a lot of creative people being thrown
out of the system because they are believed not to be mathematics oriented, but most
of them turn to be very innovative and contribute positively.” (Company 2)

This view concurs with what was mentioned in literature review that the present technology
driven economy (knowledge economy) requires creative and critical thinking skills rather
than only traditional scientific and mathematical skills.

Respondents further mentioned knowledge of business subjects such as accounting, business
management, project management, marketing and human resources as important for entry
level IT employees. This is similar to the findings of Tanner and Seymour (2014) who found
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that IT companies in the Western Cape province of South Africa require IT employees with
knowledge and understanding of the greater business domain. This shows another
discrepancy between the current national NCV-IT curriculum and industry requirements, as
the current curriculum does not cover any of the mentioned business disciplines.

“Students who want to do software development must be exposed to business related
courses. | strongly think it’s important to include business related courses in IT
curricula especially to students who want to do (software) development. Courses like
accounting, business, marketing and human resources.” (Company 2)

Also, in the review of literature (see 2.3.2), it emerged that an ideal ICT curriculum should
include business as one of the knowledge areas. This shows that the current NCV-IT
curriculum is inadequate and misaligned with ICT industry requirements and expectations.

4.4.2 Industry certifications vs. academic certificates

The majority of the respondents indicated that industry certifications equip entry level IT
employees with the right knowledge and skills. This seem to indicate that industry prefers
industry certifications ahead of academic certificates such as NCV-IT as discussed and
corroborated to by various verbatim responses presented in this chapter. However, one
respondent seems to disagree with this and indicated that industry certifications are
incomplete and inadequate. In short, industry certifications only equip someone with
knowledge and skills specific to a discipline and this is not enough for an entry level IT
employee who needs grounding in each IT core discipline. The respondent further stated that
in a rapidly changing IT field one need to adapt and adopt quickly. This is similar to Tanner
and Seymour’s (2014) findings that IT companies look for candidates with sound ability to
adapt to new technologies and trends. It is always difficult for those without academic
qualifications as they lack an understanding of the entire field; making it difficult for them to
adapt to changes.

“There are two flavours in terms of entry level people. You have those that have
specialised in one IT field and then you have those that have been trained in such a
way that they can adapt. I will focus on the second group because for me thus the
most preferable one. I would expect someone to have some basic grounding in each
IT core field.” (Company 15)

4.5 Comparison between NCV-IT curriculum and international IT
and computing curriculum models.

Even though the aims and objectives of this study were not to compare the current national
NCV-IT curriculum against international IT and computing curriculum models, it became
clear from the literature review (see Chapter 2) that such comparisons are necessary. Firstly,
it emerged from literature that there is a high presence of international ICT companies in
South Africa; therefore, the NCV-IT curriculum should be comparable to international
models to produce graduates with knowledge and skills required by these international
companies. Secondly, comparisons like these interrogate the content and structure of NCV-IT
in relation to international models. This will help in designing an ‘ideal’ NCV-IT curriculum,
which is not only relevant in South Africa but globally.

The following paragraphs give a brief comparison of the current national NCV-IT to
international IT and computing curriculum models as reviewed in Chapter 2 section 2.3.2.

In comparison with international curriculum models, the NCV-IT curriculum structure is
comparable to that of international computing curriculum models (see Table 2.2). Firstly, the
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ACM/IEEE IT2008 framework declares that programming, networking, human computer
interaction, databases, and web systems are the five key major pillars of any IT curriculum.
Similarly, the current national NCV-IT curriculum includes these domains except for human
computer interaction. Secondly, (see Table 2.2 in Chapter 2) software (programming),
hardware (computer architecture and networking) and business are the most common
knowledge areas or subjects across all computing curriculum models. Similarly, the NCV-IT
curriculum lists the same subjects (except business) as core subjects. The NCV-IT curriculum
also includes electronics under its core subjects similar to the CSP model. Scime (2008)
found that mathematics is also common across all the models. Likewise, mathematics is
compulsory in the NCV-IT curriculum.

However, there are some notable differences between the current national NCV-IT
curriculum and international computing models. The ACM/IEEE IT2017 curricular
framework declares that in addition to the five domains mentioned above, a modern IT
curriculum should include mobile applications, social platforms, user experiences, Internet of
Things, big data, cyber security and automation. These knowledge areas are not included in
the current national curriculum. In addition, business, social skills, interpersonal skills,
science and general education are common knowledge areas across all computing curriculum
models (see Table 2.2), however the current national NCV-IT curriculum excludes them.
Additionally, at least three international models (ACM/IEEE-CS, CSP, CDIO and GRIN)
include Operating systems/System administration as core knowledge areas whereas the
current national NCV-IT curriculum excludes them. In addition, the NCV-IT curriculum lists
system analysis and design as a core subject whilst none of the models includes system
analysis and design in its list.

4.6 Conclusion

In this chapter, the researcher presented and analysed the findings of the study. During
interviews with respondents, it emerged that IT is a broad field with many disciplines. After
the analysis of the interview data eight core disciplines of the IT field were identified,
namely; computer hardware and software, software development, computer networks,
databases, business analysis/system analysis, business intelligence, cyber security/computer
security and cloud computing and virtualization. Discipline specific knowledge and skills as
identified by companies were compared against what is included in the current national
NCV-IT curriculum, with illustrative direct quotations used to elucidate important concepts,
skills and key points. The findings are summarised in the next paragraphs.

It is clear from the findings of this study that there are gaps and misalignments between
knowledge and skills imparted by the current national NCV-IT curriculum and the ICT
industry’s knowledge and skills requirements in South Africa. Firstly, the research found that
the current national NCV-IT curriculum is out of touch and lags behind current ICT industry
requirements in three specific disciplines namely, business intelligence, cloud computing and
virtualization and cyber security/computer security. The current national NCV-IT curriculum
does not cover any knowledge or skills on cloud computing and virtualization; and barely
develops any business intelligence knowledge and skills as required by industry. In the cyber
security/computer security discipline, the current curriculum does not impart any knowledge
and skills on cyber security and it barely covers computer security knowledge and skills as
required by the ICT industry. In other words, the knowledge and skills developed seem to be
insignificant and inferior to what the ICT industry in South Africa requires.

Secondly, the current national NCV-IT curriculum includes electronics as one of the core
vocational subjects, yet no single company during interview indicated or mentioned that entry
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level IT employees require knowledge and skills of electronics. In other words, the ICT
industry in South Africa does not require electronics knowledge and skills.

The study also found that, although the current curriculum develops knowledge and skills in
software development, business analysis/system analysis, databases, computer networks
disciplines as identified by companies; there are a number of gaps and misalignments
between industry requirements and what the curriculum develops. That is, the current
curriculum does not cover all knowledge or key theoretical concepts and skills required by an
entry level IT employee. It looks certain from the findings that an entry level IT employee
would require additional knowledge and skills, in order to be employable, other than what the
current curriculum imparts. For example, in the computer networks discipline the study found
that the current curriculum falls far short of industry requirements, despite covering some of
the skills and concepts identified by companies. This shows that the computer networks
domain defined by industry is far much broader than what the current curriculum covers. The
research also found that there are considerable gaps between industry and current curriculum
in the software development and databases disciplines. The gaps are mainly a result of the
current curriculum’s failure to keep pace with the on-going technological revolution and
trends. For example, the current curriculum does not cover mobile application development
and user experiences yet companies and literature indicated that mobile application usage has
surpassed that of desktop as the inclination towards mobile continues to grow at a rapid pace.
These findings are in line with ACM’s (2017) IT Curricular Framework, which states that
modern IT curriculum should include knowledge and skills of mobile applications, user
experiences, Internet of Things, big data, cloud computing, and cyber security.

The research also found that industry seem to prefer industry certifications to academic
certificates like NCV-IT. This is mainly because industry certifications are developed by
industry therefore aligned to industry knowledge and skills requirements. Secondly, industry
certifications are considered current as the curriculum is frequently reviewed and updated.
However, despite gaps and misalignments in many disciplines as indicated above, the study
found that in the computer hardware and software discipline, the current national curriculum
is comparably aligned to industry requirements.

To conclude this chapter, findings of this study showed that the current national NCV-IT
curriculum designed in 2007 is out dated and big gaps exist between the ICT industry and the
curriculum. In terms of employer ICT knowledge and skills requirements, the findings of this
study are similar to the ones by the JCSE skills survey of 2016. All of the knowledge and
skills domains, which this study identified, are included in the JCSE employer ICT priorities.
These include software (mobile and web) development, business intelligence, cloud
computing and virtualization, big data/internet of things, computer security, computer
networks and hardware. The next chapter discussed the conclusions and recommendations of
this study.
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Chapter 5: Conclusions and recommendations

5.1 Introduction

In this final chapter, a summary of the research, conclusions and recommendations for
immediate implementation as well as for future research are presented.

5.2 Summary of the research
Presented in this section is a synopsis of each chapter.

In the introductory chapter of this study, the researcher gave a background to the research by
highlighting the impact of rapid technological advances on knowledge, skills, jobs and
occupations. The speed at which technology changes in the 21% century creates problems for
education and training institutions, such as TVET colleges, as they need to keep pace with the
rate of change in order to produce graduates with relevant knowledge and skills. This led to
the problem statement, which questioned whether the current NCV-IT curriculum offered in
public TVET colleges is appropriate and/or effective as per mandate, given the greater
digitization of all sectors of the South African economy. The main research question and sub-
questions were formulated around the problem statement. Also presented in this chapter were
the research aims and objectives. The main aim was to ascertain the gap between the current
national NCV-IT curriculum and the ICT industry’s knowledge and skills needs in South
Africa and subsequently draw conclusions on the relevance of the curriculum.

The significance of the study as well as delimitation of research was given. Also given were
definitions of key terminology in the context of the study.

In Chapter 2, literature perspectives on the background, introduction and mandate of NC (V)
programmes in general and NCV-IT in particular were presented. It was argued that a
country’s vocational education should be aligned with its stage of economic development.
Perspectives on South Africa’s TVET education, ICT skills and economic developmental
stage were presented. The impacts of technological advances on ICT jobs, knowledge and
skills requirements in an ICT-driven knowledge economy discussed. Curriculum perspectives
were also discussed with international computing curriculum models reviewed in order to see
how an ideal IT and computer science curriculum could be designed to meet South Africa’s
ICT industry knowledge and skills requirements. Also discussed were curriculum best
practices, update and renewal in a fast changing industry like the ICT industry.

In order to meet the aims and objectives of the study outlined in Chapter 1 and subsequently
answer the research questions, Chapter 3 presented the research design and methodology
used in this study. This chapter outlined qualitative method as the best-suited approach for
meeting the objectives of the study. Interviews were used to gather qualitative data from
fifteen companies in the ICT industry. Interview questions were formulated in such a way
that they answer or meet the objectives of the study and eventually answer the research
question. Thematic analysis was used for data analysis.

Chapter 4 presented findings from interviews with companies as well as findings from the
review of the current national NCV-IT curriculum. A comparison of the two data sets was
performed in order to ascertain any knowledge and skills gaps between the current national
NCV-IT curriculum and the requirements of the South African ICT industry.
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In this final chapter, the findings of this study as reported in Chapter 4 are discussed and
interpreted in the context of the research, research problem and literature review as covered
in Chapter 2. That is, the main purpose of this chapter is to provide conclusions of the study.
The other purpose of this chapter is to further provide recommendations for immediate
implementation based on the findings as well as recommendations for future research.

5.3 Conclusions

Based on the findings of this qualitative study presented in the previous chapter and the
findings from the review of literature presented in Chapter 2, the following conclusions can
be drawn:

There are gaps between the current national NCV-IT curriculum and the ICT
industry’s knowledge and skills needs.

In the review of literature, it emerged that the current technological revolution widens the gap
between education and work; as the introduction of new technologies, changes the nature of
knowledge and skills required by companies. Of the eight IT disciplines identified by
respondents of this study, the current curriculum is only aligned to computer hardware and
software, with significant gaps identified in software development, computer networks,
databases, business intelligence, cyber security/computer security, business analysis/system
analysis, cloud computing and virtualization disciplines. Massive gaps were identified in
business intelligence, cloud computing and virtualization and cyber security/computer
security disciplines. The current national NCV-IT curriculum does not cover any knowledge
or skills on cloud computing and virtualization; and barely develops any business intelligence
knowledge and skills as required by industry. In the cyber security/computer security
discipline, the current curriculum does not impart any knowledge and skills on cyber security
and it barely covers computer security knowledge and skills as required by the ICT industry.
In other words, the knowledge and skills developed seem to be insignificant and inferior to
what the ICT industry in South Africa requires.

Although the current curriculum develops knowledge and skills in software development,
business analysis/system analysis, databases and computer networks disciplines as identified
by companies; there are a number of gaps and misalignments between industry requirements
and what the curriculum develops. However, the gaps are not as large as in business
intelligence, cloud computing and virtualization and cyber security/computer as mentioned in
the preceding paragraph. For example, in the computer networks discipline the study found
that the current curriculum falls far short of industry requirements, despite covering some of
the skills and concepts identified by companies. This shows that the computer networks
domain defined by industry is far much broader than what the current curriculum covers. The
research also found that there are considerable gaps between industry and current curriculum
in the software development and databases disciplines as well as in business analysis/system
analysis, even though at a small scale.

This shows that the current curriculum does not cover all knowledge and skills as mentioned
by companies in this qualitative study. Based on literature and largely on these empirical
findings, it can be concluded that there are knowledge and skills gaps between the current
national NCV-IT curriculum and the South African ICT industry’s knowledge and skills
requirements.
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Misalignment between the current national NCV-IT curriculum and the ICT industry’s
knowledge and skills requirements

Due to the gaps identified in Chapter 4, it can be concluded that the current national NCV-IT
curriculum is not aligned to the South African ICT industry’s knowledge and skills needs. In
the review of literature in Chapter 2 it emerged that knowledge and skills of mobile
technology, social platforms, cyber security, Internet of Things, big data, business
intelligence, user experiences and software as a service should be part of any IT and
computer science curriculum. Companies in this study mentioned these skills as well as cloud
computing and virtualization skills and stated that entry level IT employees should be in
possession of these skills; yet the current national NCV-IT curriculum does not develop these
skills. Instead, the current curriculum concentrates on other skills such as electronics, which
the ICT industry does not require.

It also emerged from the findings of curriculum analysis that the current curriculum does not
develop any knowledge or skills in business domains such as accounting, human resources
and marketing, yet empirical findings and literature review show that an IT and computer
science curriculum must include these. This shows that there is a misalignment between the
current national NCV-IT curriculum and the South African ICT industry needs. The other
point of misalignment is the exclusion of work integrated learning in the current delivery of
the NCV-IT curriculum. In literature review, it emerged, that vocational education should
include classroom learning as well as on the job training (work integrated learning). The lack
of work integrated learning- a misalignment in its own; subsequently leads to more
mismatches and misalignments in terms of knowledge and skills, as students are not given a
chance to see what knowledge and skills are being applied in the work place.

The current NCV-IT curriculum is old and lags behind a rapidly changing ICT
industry

The importance of curriculum review, renewal and update was highlighted in literature
review where it emerged that an IT and computer science curriculum cannot remain stagnant
for more than two and half years. It also emerged that most countries update their IT and
computer science curricula regularly in order to keep pace with the racing technological
changes. Findings from the review of the current national NCV-IT curriculum as presented in
Chapter 2 and Chapter 4 show that the current curriculum has not changed since
implementation in 2007. Since then a number of new technologies and practices have
entered the market resulting in gaps and misalignments between the curriculum and ICT
industry requirements as the curriculum remain unchanged. This lack of curriculum review
and reorientation leads to lack of ICT skills in African countries, South Africa included (see
Chapter 2). Therefore, the current curriculum of more than ten years ago is too old and lags
behind the South African ICT industry’s knowledge and skills requirements.

Preference of industry certifications over academic certificates

It is clear from responses by respondents presented in Chapter 4 that the majority of
companies seem to prefer ICT industry certifications over academic certificates such as
NCV-IT. The preference is largely due to the relevance and alignment of industry
certifications to knowledge and skills needs of the ICT industry in South Africa.

The preference of industry certifications can be attributed to the following reasons. Firstly,
industry certifications are developed by industry itself. Therefore, the certifications are
considered relative and in line with industry requirements. Secondly, industry certifications
are current; that is, most industry certifications expire after a period of three years, with
others having an expiration period as low as twelve months. After the twelve months or three
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years the knowledge is considered obsolete and no longer valid as new technologies,
practices and concepts enter the market. The most preferred certifications for entry level
positions are A+ (A plus), N+ (Network plus), Cisco certified network associate (CCNA),
Microsoft certifications as well as HP certifications. According to industry, these
certifications equip individuals with the right knowledge and skills necessary for entry level
IT employment.

The current NCV-IT curriculum is pitched at a lower level than the requirements and
expectations of the ICT industry.

It was argued in literature (see Chapter 2) that TVET is becoming less relevant in the
contemporary knowledge led economy, as high specificity of low skills does not value the
knowledge economy which requires high level skills associated with general education. That
is, vocational education is considered low quality education, which is less applicable in the
technology driven knowledge based economy. Respondents (although only a few) of this
study indicated that NCV-IT equips students with low quality and irrelevant knowledge and
skills that are not useful in the contemporary ICT industry, which is characterised by rapid
technological advances, automation and high level knowledge and skills. Companies prefer
graduates who hold university degrees, which are of high quality and relevant. Therefore, it
can be concluded that the current national NCV-IT curriculum is pitched at a lower level than
what is required by the ICT industry in South Africa.

Finally, it is clear from the findings of this research that NCV-IT graduates would require
additional knowledge and skills before taking up employment in the ICT industry due to the
existence of gaps and misalignments between the curriculum and industry requirements.
However, due to the following reasons, it cannot be explicitly concluded that the current
national NCV-IT curriculum is irrelevant to the knowledge and skills requirements of the ICT
industry, in the wake of the technological revolution. Firstly, the curriculum develops
knowledge and skills in software development, business analysis/systems analysis, computer
networks, databases, computer hardware and software and cyber security/computer security,
even though in most instances the gaps are massive. Secondly, the current curriculum
includes four of the five key pillars or domains of any IT and computer science curricular as
identified by the ACM/IEEE information technology curricular framework. These are
programming, networking, databases, web systems and human computer interaction (ACM,
2017). Only the human computer interaction pillar is not included in the current curriculum.
The other pillars are included, albeit at lower or insufficient knowledge and skills levels. In
order to make NCV-IT more relevant to the knowledge and skills requirements of the South
African ICT industry, a number of recommendations are proposed in the next section.

5.4 Recommendations

Research studies wusually have recommendations for further research as well as
recommendations for implementation of the findings. Both of these recommendations are
applicable to this study.

5.4.1 Recommendations for immediate implementation

To address the research problem; the following recommendations are given:

Firstly, from the empirical findings of this study as well as findings from the review of
literature discussed in Chapter 2, it is clear that the current national NCV-IT curriculum
designed in 2007 is outdated and urgently need reviewing and updating. Curriculum review
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should happen at least after every three years and should include all stakeholders (designers,
lecturers, companies and students) as indicated in literature (see Chapter 2).

Secondly, in addition to filling in the knowledge and skills gaps that were identified in
Chapter 4, the following disciplines should be included: cloud computing and virtualization,
business intelligence and cyber security/computer security as indicated by the findings of this
study as well as findings from literature review. In addition, user experiences, mobile
application development, Internet of Things and big data should be included as identified by
findings of this study as well as review of literature.

Thirdly, it is recommended that the subject electronics be removed from the current
curriculum as findings from literature as well as empirical findings of this study show that
knowledge and skills on electronics are irrelevant and not required by the ICT industry in
South Africa.

Fourthly, findings of this study indicate that in data communication and networking, even
though the current curriculum covers a significant part of knowledge and skills requirements
of the ICT industry, it still falls short of industry expectations. This is simply because the data
communication and networking domain defined by industry is much broader than what the
current curriculum defines and covers. It is therefore recommended that data communication
and networking be divided and spread over two levels like system analysis and design that
has Level 3 and Level 4. This will enable the curriculum to cover all knowledge and skills
requirements as per industry expectation.

Finally, it is recommended that work integrated learning (on the job training) be made
compulsory to NCV-IT students during their time of studying so as to bridge the gap between
work and education as described in literature (see Chapter 2). As mentioned in literature and
findings from the review of the current curriculum, work based training is optional with few
colleges making efforts to secure work integrated learning for their students.

5.4.2 Recommendations for future research

As mentioned in Chapter 3, one of the limitations of this study was the small scale at which it
was carried out. It is recommended that the research be duplicated at a larger scale to include
more companies as a number of companies were left out, meaning that not all knowledge and
skills required by entry level employees were covered. In addition, this study presented
knowledge and skills based on interviews with IT managers, seniors (technicians,
programmers, engineers) or their representatives. Groups such as human resources
practitioners, chief information officers, knowledge management practitioners could have
provided more skills and knowledge requirements for entry level IT employees. In order to
cover knowledge and skills requirements of the ICT industry holistically, future research
should have a large sample size and include as many groups as possible. Also, to clearly
gauge the gaps between NCV-IT curriculum and industry knowledge and skills requirements,
future research can consider companies that have employed NCV-IT graduates as well as
NCV-IT graduates who are now employed; this way the exact similarities, differences and
commonalities will be revealed.

One of the findings from this study, as well as from literature, was the fact that IT is a very
broad field that consists of several disciplines. During data collection, most of the
respondents indicated that they were not in a position to talk about other disciplines, as they
were not experts or lacked knowledge and understanding of those disciplines. This means that
not only were some disciplines not covered but also the corresponding knowledge and skills
were not covered, as some participants did not have a full understanding of the disciplines
that they talked about. It is therefore recommended that future research be done per
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discipline, similar to Tanner and Seymour’s (2014) research on the range and level of skills
developed by a software development course as well as Boyle and Strong’s (2006) study on
ERP course. This will ensure that discipline specific knowledge and skills are exhaustively
covered.
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ADDENDA

Addendum A: Interview guide
Interview guide for companies

The interviews were open-ended, but all industry respondents were asked the following
starting and follow-up questions. Of course, further follow-up questions might have been
asked for clarification.

1. What knowledge or key theoretical concepts should an entry-level IT employee have?
Are there any other key concepts you would like to add?

2. Which technical skills should an entry-level IT employee have?

Are there any other skills you would like to add?
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Addendum B: An example of a transcribed and coded interview

An example of a transcribed and coded interview from a
Respondent: Company 2

What knowledge or key theoretical concepts should an entry level IT employee have?

As you are probable aware that IT is a very broad area, my area of specialist is software
development and I am of the understanding that anyone who wants to join the industry after

studying should have done pbject oriented programming. It doesn’t matter what language they -
have leamed or used to do (software) development, They might have used C#, VBNET, Java or
any other object oriented programming language. I think students must be exposed to

s0 the understanding jof objects and transforming them into business solutions is very important.
I also think that students who want to do development must also be exposed to kome business
related courses] so that when they join development they will be able to hear or understand what

development and mainly object oriented, in the sense that we deal with Iobjecd in the industry,

respondent.

Commented [d1]: Knowledge of object oriented
programming

. {Commenmd [d2]: Knowledge of software development.

—— [Commenud [d3]: Knowledge of objects.

| Commented [d4]: Transform objects into business
solutions

they need to computerise. A lot of students that we get normally have a technical understanding
of what development is, but when you talk of profit for instance as a basic concept they don’t
know what profit is, they don'f{ know what is a retum. So when they participate in most of the

- { Commented [d5]: Knowledge of business courses

meetings that we do, where we define fpecifications] is very difficult for them to understand

what is going on. I strongly think that it 1s important to include businesq related courses in IT
EOME £ mpo ~ [Commemed [d8]): business concepts

curriculums especially for students who want to do development. Include courses like basic
concepts to accounting, basic concepts to business, basic concepts to marketing, basic concepts
to HREcou:ss that will enable them to understand how a business is configured.

‘{(ommcmed [d6]: Knowledge of business pracesses

-l [(ommemed [d7): Business and system specifications

The other area is IT hardware| and hetworking which I am not very familiar to. But my honest - §

and HR

understanding by way of what I see 1s that students must be very technically competent. I think
higher education institutions should spend more time training them in the popular operating
systems that we find in industry today, such as [Windows], UNIX ete. I think thus what I can say

Which technical skills should an entry level IT employee have?

From my experience, I have had quite a number of intems that I have worked with. Before
anything else, every aspiring candidate should be able to work in a team. I personally think that
whatever training you are giving them is not enough to make them technically competent
fwithout giving them some social/h team skills that will enable them to have the right
attitude to work in a team environment. Most of the work that we do Is team based. There is
very little work that you have to do or complete as an individual. You start some
work(assignment) and pass it to the next person. One of the key things which is very important
is the ptitude| of the individual- that is, the soft skills of the candidate. Most of the people that

| Commented [d9]: knowledge of marketing, accounting

\ | Commented [d10]: business mocels

. Commented [d11}: knawiedge of adware

| Commented [d12]: knowiesge of networking

- { Commented [d13]: knowledge of operating systems

A A A

| Commented [d14}: peapie skils

o '[Commemed [d15]: attitude

we get are very raw. They are generally difficult to work with because they don’t have the right
soft skills. T also think apart from koﬁ skills fhere must be in a position to leam, and well-

grounded to be able to leam new skills. I understand whatever software development language
you teach them at colleges and universities, which should enable them to leam any other

of pressure because the entails a lot of deadlines, a lot of shifting of tasks, a lot prionitisation of
tasks, a lot of de-prioritisation of tasks. They should be able to work under a ot of pressure

| Commented [d16]: soft sils

e [ Commented [d17]: learn on their own

j { Commented [d18]: time management
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I see you talk much on soft skills, but not on technical skills. What technical skills should
an entry level IT employee have?

The really truth is we kind of have an understanding that students or who would be potential
employees should be highly technical for them to be able to write a software program. We have
since realised that even people who have done sociology can come into development and be

able to write ompute programs, and be able to be trained to write computer programs so that | commented [d19]: write computer programs

they can deliver their tasks. Why I was emphasising the 1ssue of soft skills is because 1t is
always the attitude that determines whether someone will be successful or not.

Having said that, from a technical perspective it is important that the students or who would be

employees have been exposed to being able to fwrite| code, understand a particular He\-'elopmenL - { Commented [d20}: wiit & code

environment in detail, even though they might not necessarily be using the same environmentin
i " " Commented [d21]: understand software development
industry. They should be able to write a sound code, efficient code, a code that performs well e,m,,mm [621]: understand software developmen

according to what it is meant for. A code that is error free. I think what is important for them is

to able to understand the best practiced that are followed in industry. But like I was also saymg, [ Commented [d22]: ndustry best practices

the moment you get an enfry person in our teams we don’t expect them to be experts m
anything. We normally assume that they don’t know anything. Unfortunately, you tend to get a
few people who comes in and think that they kmow. From our experience we normally have big
issues with such people. We normally assume that people don’t know anything and we tell them
that this is how we write our codes. In other words, they must have basic development skills in

H# or Java. They must have basic technical skills in hebuggmd a program. Basic skills in - --’[(unmemed [d23]: write a code in C# or Java

writing unit ftest basic skills in feviewing code to make sure that the code is doing what it is {CMW [d2A]: debug code

intended for. It 1s also important for them to have %basd In terms of being able to

understanding how databases are created; things like { keys, foreign keys, hmcnaR[(Wm [d25]: test computer programs
databases and all those things. They should havz;p'll what we call m skills to be able to handle | \\ | Commented [d26]: review a code

—

|Ja_vd script to be able to handle Windows forms, to be able to handle [webj forms and all those \\ N Commented [027}: create databases
things. But the bottom line is we don’t expect a student coming from college or university to be \}\\, Com 1 [428]: inowiedge of dtabuses

well equipped with anyone of these but should have the right frame of mind that we should be 1} \
able to introduce these concepts to them and show them how to do it and produce products that ||| | Commented [d29]: knowledige of primary keys, foreign
organizations want.

Commented [d30]: knowledge of relats

Is there anything else you would like to add in terms of knowledge and skills?

Just to summarise I was trying to say that, in industry right now where I am working we have

people that have not done computer science. Someone has done politics and administration but
15 currently working in software development. We have people that have not done computer Commented [d34]: Develop websites

science, they have actually done politics and admnistration, but he is cumrently working in Commented [d35]: Create forms

A A A A A A A A_IA_A__A_A_J

software development and they are one of good developers we have in our team. This throws
away the 1dea that many universities want students to do computer science only if they had done

pathematics it Matric level. That way you have 2 lot of creative people being thrown out of the { Commented [d36]: Mathemates not necessary for
system because they are believed not to be mathematics oriented, but most of them tum to be programming

very innovative and contribute positively.
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Addendum C: National Certificate (Vocational) - Information
Technology and Computer Science curriculum

Subject

Topics covered

Assessment criteria

Introduction to information
systems Level 2

Computerised information
processing in the business
organization; Information
technology and its
components; The impact of
information technology on
business practices and the
economy; Introduction to
computer architecture-
computers and electronic
information processing;
Introduction to computer
architecture-input;
Introduction to computer
architecture-output;
Introduction to computer
architecture-storage

Assessment consist of three
compulsory components:

e ICASS- made of two
PATSs and three internal
examinations.

e ISAT-draws on the
students’ cumulative
learning achieved
throughout the year.
The task requires
integrated application of
competence and skills.

e  External examination-
set by DHET at the end
of the year in
October/November.

Pass mark is 50%

Introduction to systems
development Level 2

Basic concepts of systems
and application software;
Software development and
programming languages
concepts; Computer data
storage; Basic computer
programming; Principles of
computer program quality
assurance and project
viability.

Assessment consist of three
compulsory components:

e ICASS- made of two
PATSs and three internal
examinations.

e ISAT-draws on the
students’ cumulative
learning achieved
throughout the year.
The task requires
integrated application of
competence and skills.

e External examination-
set by DHET at the end
of the year in
October/November.

Pass mark is 50%

Electronics Level 2

Fundamentals of electricity;
Basic electronic theory and
concepts; Electrical safety
standards; Use and care of
hand-held electrical test
instruments; Soldering
techniques; Basic electronic
circuits; Principles of digital
logic; Basic programmable
logic controllers (PLC);

Assessment consist of three
compulsory components:

e ICASS- made of two
PATSs and three internal
examinations.

e [SAT-draws on the
students’ cumulative
learning achieved
throughout the year.
The task requires
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Basic concepts of
telecommunications

integrated application of
competence and skills.

e External examination-
set by DHET at the end
of the year in
October/November.

Pass mark is 50%

Computer hardware and
software Level 3

Concepts of computer
architecture; Types of
computer systems and
hardware configurations; PC
or handheld computer
hardware components;
Assemble a PC or handheld
computer and peripherals
into modules; Install system
and application software for
a PC or handheld computer;
Installation of PC or
handheld computer
peripherals; Testing of IT
systems against given
specifications; Preventative
maintenance, environment
and safety issues in a
computer environment;
Technical computer
problems; Computer user’s
problems; Problem solving
strategies; Repair a PC,
handheld computer and
peripherals to module level

Assessment consist of three
compulsory components:

e ICASS- made of two
PATSs and three internal
examinations.

e ISAT-draws on the
students’ cumulative
learning achieved
throughout the year.
The task requires
integrated application of
competence and skills.

e External examination-
set by DHET at the end
of the year in
October/November.

Pass mark is 50%

Principles of computer
programming Level 3

Principles of electronic logic
for computing; Program
development environments;
Data structures; Program
Design; Database application
development; Error handling
in a computer environment;
User interface and output
design

Assessment consist of three
compulsory components:

e ICASS- made of two
PATSs and three internal
examinations.

e ISAT-draws on the
students’ cumulative
learning achieved
throughout the year.
The task requires
integrated application of
competence and skills.

e External examination-
set by DHET at the end
of the year in
October/November.

Pass mark is 50%

Systems design and analysis

Concepts associated with

Assessment consist of three
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Level 3

systems analysis and
development; Data
processing, IT, business
support and control systems;
Information systems
departments in business
organisations; Acquisition of
computer technology;
Information systems
planning and strategys;
Preliminary investigation in a
systems development life
cycle

compulsory components:

e ICASS- made of two
PATSs and three internal
examinations.

e ISAT-draws on the
students’ cumulative
learning achieved
throughout the year.
The task requires
integrated application of
competence and skills.

e External examination-
set by DHET at the end
of the year in
October/November.

Pass mark is 50%

Computer programming
Level 4

Object Oriented
Programming; Database
application design; Principles
of developing software for
the internet; Design and build
a website using simple
HTML; Create multimedia,
web-based applications with
scripting

Assessment consist of three
compulsory components:

e ICASS- made of two
PATSs and three internal
examinations.

e ISAT-draws on the
students’ cumulative
learning achieved
throughout the year.
The task requires
integrated application of
competence and skills.

e External examination-
set by DHET at the end
of the year in
October/November.

Pass mark is 50%

Data communication and
networking Level 4

Principles of computer
networks; Synchronous /
asynchronous
communication of
computers; Computer
network architectures and
standards; Computer network
communication; Computer
cabling; Install a local area
network (LAN); Install
networked computer
application software;
Principles of supporting local
area network users; Support a
local area computer network;
Compare WAN with LAN

Assessment consist of three
compulsory components:

e ICASS- made of two
PATSs and three internal
examinations.

e ISAT-draws on the
students’ cumulative
learning achieved
throughout the year.
The task requires
integrated application of
competence and skills.

e  External examination-
set by DHET at the end
of the year in
October/November.
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Pass mark is 50%

Systems analysis and design
Level 4

Ethics and professionalism
for the computer industry in
South Africa; ICT risks and
threat management;
Information gathering
techniques for computer
systems development;
Analysing information
systems; Principles of
designing computer system
inputs and outputs;
Implementing and
maintaining an information
system; Concepts of artificial
intelligence

Assessment consist of three
compulsory components:

e ICASS- made of two
PATSs and three internal
examinations.

e ISAT-draws on the
students’ cumulative
learning achieved
throughout the year.
The task requires
integrated application of
competence and skills.

e External examination-
set by DHET at the end
of the year in
October/November.

Pass mark is 50%
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Addendum D: Ethics committee approval notice

NOTICE OF APPROVAL

REC Humanities New Application Form
9 February 2018

Project number: 1875

Project Title: A fit-gap analysis of the NCV-IT curriculum against the needs of the South African ICT
industry.

Dear Mr Darlington Hove

Your response to stipulations submitted on 7 February 2018 was reviewed and approved by the REC:
Humanities.

Please note the following for your approved submission:

Ethics approval period:

Protocol approval date (Humanities) Protocol expiration date (Humanities)
10 January 2018 9 January 2021
GENERAL COMMENTS:

Please take note of the General Investigator Responsibilities attached to this letter. You may
commence with your research after complying fully with these guidelines.

If the researcher deviates in any way from the proposal approved by the REC: Humanities, the
researcher must notify the REC of these changes.

Please use your SU project number (1875) on any documents or correspondence with the REC
concerning your project.

Please note that the REC has the prerogative and authority to ask further questions, seek
additional information, require further modifications, or monitor the conduct of your research
and the consent process.

FOR CONTINUATION OF PROJECTS AFTER REC APPROVAL PERIOD
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Please note that a progress report should be submitted to the Research Ethics Committee: Humanities
before the approval period has expired if a continuation of ethics approval is required. The Committee
will then consider the continuation of the project for a further year (if necessary)

Included Documents:

Document Type File Name Date Version
Research Protocol/Proposal Proposal 06/02/2018
Informed Consent Form  Consent Form_Employers 06/02/2018
Informed Consent Form  Consent Form_Lecturers 06/02/2018
Data collection tool Interview Questions 06/02/2018
Request for permission Darlington Hove - approval to conduct research 06/02/2018
Default DHET 004 - Approval to conduct research in public colleges [email] 06/02/2018

If you have any questions or need further help, please contact the REC office at cgraham@sun.ac.za.

Sincerely,

Clarissa Graham

REC Coordinator: Research Ethics Committee: Human Research (Humanities)

National Health Research Ethics Committee (NHREC) registration number: REC-050411-032. The Research Ethics Committee:

Humanities complies with the SA National Health Act No.61 2003 as it pertains to health research. In addition, this committee

abides by the ethical norms and principles for research established by the Declaration of Helsinki (2013) and the Department
of Health Guidelines for Ethical Research:

nd

Principles Structures and Processes (2"~ Ed.) 2015. Annually a number of projects may be selected randomly for an external audit.
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Investigator Responsibilities

Protection of Human Research Participants

Some of the general responsibilities investigators have when conducting research involving human participants are listed below:

1.Conducting the Research. You are responsible for making sure that the research is conducted according to the REC
approved research protocol. You are also responsible for the actions of all your co-investigators and research staff involved
with this research. You must also ensure that the research is conducted within the standards of your field of research.

2.Participant Enrolment. You may not recruit or enrol participants prior to the REC approval date or after the expiration date
of REC approval. All recruitment materials for any form of media must be approved by the REC prior to their use.

3.Informed Consent. You are responsible for obtaining and documenting effective informed consent using only the REC-
approved consent documents/process, and for ensuring that no human participants are involved in research prior to obtaining their
informed consent. Please give all participants copies of the signed informed consent documents. Keep the originals in your
secured research files for at least five (5) years.

4.Continuing Review. The REC must review and approve all REC-approved research proposals at intervals appropriate to the
degree of risk but not less than once per year. There is no grace period. Prior to the date on which the REC approval of the
research expires, it is your responsibility to submit the progress report in a timely fashion to ensure a lapse in REC approval
does not occur. If REC approval of your research lapses, you must stop new participant enrolment, and contact the REC office
immediately.

5.Amendments and Changes. If you wish to amend or change any aspect of your research (such as research design, interventions or
procedures, participant population, informed consent document, instruments, surveys or recruiting material), you must submit the
amendment to the REC for review using the current Amendment Form. You may not initiate any amendments or changes to your research
without first obtaining written REC review and approval. The only exception is when it is necessary to eliminate apparent immediate
hazards to participants and the REC should be immediately informed of this necessity.

6.Adverse or Unanticipated Events. Any serious adverse events, participant complaints, and all unanticipated problems that involve risks
to participants or others, as well as any research related injuries, occurring at this institution or at other performance sites must be reported to
Malene Fouche within five (5) days of discovery of the incident. You must also report any instances of serious or continuing problems, or
non-compliance with the RECs requirements for protecting human research participants. The only exception to this policy is that the death
of a research participant must be reported in accordance with the Stellenbosch University Research Ethics Committee Standard Operating
Procedures. All reportable events should be submitted to the REC using the Serious Adverse Event Report Form.

7.Research Record Keeping. You must keep the following research related records, at a minimum, in a secure location for a
minimum of five years: the REC approved research proposal and all amendments; all informed consent documents; recruiting
materials; continuing review reports; adverse or unanticipated events; and all correspondence from the REC

8.Provision of Counselling or emergency support. When a dedicated counsellor or psychologist provides support to a
participant without prior REC review and approval, to the extent permitted by law, such activities will not be recognised as

research nor the data used in support of research. Such cases should be indicated in the progress report or final report.

9.Final reports. When you have completed (no further participant enrolment, interactions or interventions) or stopped work on
your research, you must submit a Final Report to the REC.

10.0On-Site Evaluations, Inspections, or Audits. If you are notified that your research will be reviewed or audited by the sponsor
or any other external agency or any internal group, you must inform the REC immediately of the impending audit/evaluation.

120



Stellenbosch University https://scholar.sun.ac.za

Addendum E: Informed consent form

Q

STELLENBOSCH UNIVERSITY
CONSENT TO PARTICIPATE IN RESEARCH

A fit-gap analysis of the National Certificate Vocational- Information Technology and Computer Science
(NCV-IT) curriculum against the needs of the South African ICT industry in the wake of the knowledge
economy.

You are kindly requested to participate in a research study conducted by Mr Darlington Hove. The researcher is
conducting this investigation to fulfil the requirements of a postgraduate degree at the University of
Stellenbosch. Results obtained from the study will contribute to the above named thesis. You were selected as
a possible participant in this study because your organization is a stakeholder in the ICT industry.

1. PURPOSE OF THE STUDY
To determine the relevance of the current national NCV-IT curriculum to the knowledge and skills needs of the
ICT industry in South Africa.

2. PROCEDURES
If you volunteer to participate in this study, the researcher, Mr Darlington Hove will ask you to participate in a
semi-structured interview conducted in the privacy of your office or any other venue suitable for this purpose
at a time convenient to both parties. The interview will be digitally recorded.

3. POTENTIAL RISKS AND DISCOMFORTS
The interview process and the nature of the questions asked during the interview sessions will not pose any
potential risk or discomfort to you.

4. POTENTIAL BENEFITS TO SUBJECTS AND/OR TO SOCIETY
To identify possible gaps in the current national NCV-IT curriculum in order to align it to the knowledge and
skills needs of the ICT industry.

5. PAYMENT FOR PARTICIPATION
There is no payment involved in participation.

6. CONFIDENTIALITY
Confidentiality and anonymity of the details and comments you provide in this study are guaranteed. All
comments and details will be treated in strict confidence and will be used strictly for the sole purpose of the
aforementioned research study. You may request permission to listen to digital voice recordings in the
presence of the researcher and edit any of your statements. The researcher will keep the digital voice
recordings in a safe place for a long as deemed necessary for the completion of the research project or as
stipulated by Stellenbosch University for assessment and moderation purposes.
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7. PARTICIPATION AND WITHDRAWAL
You can choose whether to be in this study or not. If you volunteer to be in this study, you may withdraw at
any time without consequences of any kind. You may also refuse to answer any questions you don’t want to
answer and still remain in the study. The investigator may withdraw you from this research if circumstances
arise which warrant doing so.

8. IDENTIFICATION OF INVESTIGATORS
If you have any questions or concerns about the research, please feel free to contact the principal researcher:
Darlington Hove on 073 7326891 or email: musaigwad@gmail.com OR the Supervisor: Mr Christiaan Maasdorp
on (021) 808 3803 or email: chm2@sun.ac.za

9. RIGHTS OF RESEARCH SUBJECTS
You may withdraw your consent at any time and discontinue participation without penalty. You are not
waiving any legal claims, rights or remedies because of your participation in this research study. If you have
questions regarding your rights as a research participant, contact Ms. Maléne Fouché [mfouche@sun.ac.za;
021 808 4622] at the Division for Research Development.

DECLARATION BY PARTICIPANT

The information above was described to me [the participant] by Mr Darlington Hove [the researcher] in
English. | am in command of this language. | [the participant] was given the opportunity to ask questions and
these questions were answered to my satisfaction.

| hereby consent voluntarily to participate in this study. | have been given a copy of this form.

Name of Participant

Signature of Participant Date

Signature of Investigator Date
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Addendum F: Computer Programming Level 4- Subject guidelines
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INTRODUCTION

A. What is Computer Programming?

Computer Programming involves the designing and programming of well-tested and
user-friendly computer-based solutions to meet specific requirements.

B. Why is Principles of Computer Programming important in the
Information Technology programme?

Principles of Computer Programming is important in the Information Technology
programme as it enhances the development of the IT environment.

C. The link between the Learning Outcomes for Principles of Computer
Programming and the Critical and Developmental Outcomes

The student will be able to identify and solve problems, and collect, analyse, organise
and critically evaluate information that is related to computer programming. The
student will also demonstrate an understanding of the world as a set of related
systems by recognising that problem-solving contexts do not exist in isolation.

D. Factors that contribute to achieving Computer Programming Learning
Outcomes

» Analytical and logical ability

» Keen powers of observation

* Transferring of skills from familiar to unfamiliar situations
* Meticulous attention to detail

* Interest in computers and related topics
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1 DURATION AND TUITION TIME

This is a one year instructional programme comprising 200 teaching and learning hours. The
subject may be offered on a part-time basis provided the candidate meets all of the
assessment requirements.

Course preparation should take consideration of students with special education needs.
2 SUBJECT LEVEL FOCUS
»  Apply computer-programming skills.

3 ASSESSMENT REQUIREMENTS

3.1 Internal assessment (50 percent)

3.1.1 Theoretical Component

The theoretical component will form 30 percent of internal assessment.

Internal assessment of the theoretical component of Computer Programming Level 4 will
take the form of observation, class questions, group work, (informal group competitions with
rewards), individual discussions with students, class, topics and semester tests, internal
examinations. Daily observation can be made when marking exercises of the previous day
and class questions.

Assignments, case studies and tests can be done at the end of a topic. Tests and internal
examinations must form part of internal assessment.

3.1.2 Practical Component

The practical component includes applications and exercises. All practical components must
be indicated in a Portfolio of Evidence (PoE)

The practical component will form 70 percent of internal assessment.

Internal assessment of the practical component of Computer Programming Level 4 will take
the form of assignments, practical exercises, case studies, practical examination in a
simulated business environment.

Students may complete practical exercises on a daily basis. Assignments and case studies
can be done at the end of a topic. Practical examination can form part of internal
assessment.

» Some examples of practical assessments include, but are not limited to:

» Presentations (lectures, demonstrations, group discussions and activities,
practical work, observation, role play, self activity, judging and evaluation)
Use of aids
Exhibitions
Visits
Guest speaker presentations
Research
= Task performance in a simulated/structured environment
» Definition of the term “Structured Environment”
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“Structured environment” for the purposes of assessment refers to an actual or simulated
workplace, or workshop environment. It is advised that a practicum room is available on
each campus for practical assessment.

» Evidence in practical assessments

All evidence pertaining to evaluation of practical work must be reflected in the student’s
Portfolio of Evidence. The tools and instruments constructed and used for the purpose of
conducting such assessments must be clear from evidence contained in the PoE.

3.1.3 Processing of internal assessment mark for the year

A year mark out of 100 is calculated by adding the marks of the theoretical component and
the practical component of the internal continuous assessment.

3.1.4 Moderation of internal assessment mark

Internal assessment is subjected to both internal and external moderation procedures as
contained in the National Examinations Policy for FET College Programmes.

3.2 External assessment (50 percent)

A national examination is conducted annually in October or November by means of a paper
set externally and marked and moderated internally.

Details in respect of external assessment are contained in the Assessment Guidelines:
Computer Programming (Level 4).

4 WEIGHTED VALUES OF TOPICS

TOPICS WEIGHTED VALUE
1. Object Oriented Programming 20
2. Database application design 20
3. Principles of developing software for the internet 20
4. Design and build a web-site using HTML 20
5. Create multimedia, web-based applications with scripting 20
TOTAL 100
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5 CALCULATION OF FINAL MARK

Student’s mark/100 x 50/1 = a mark out

Continuous assessment: of 50 (a)
Theoretical examination Student’s mark/100 x 50/1= a mark out of
mark: 50 (b)
Final mark: (a) + (b) = a mark out of 100

All marks are systematically processed and accurately recorded to be available as hard
copy evidence for, amongst others, purposes of moderation and verification, as well as
purposes of reporting.

6 PASS REQUIREMENTS

The student must obtain at least fifty (50) percent in ISAT and fifty (50) percent in the
examination.

7 SUBJECT AND LEARNING OUTCOMES

On completion of Computer Programming Level 4, the student should have covered the
following topics:

Topic 1: Object Oriented Programming

Topic 2: Database application design.

Topic 3: Principles of developing software for the internet

Topic 4: Design and build a website using simple HTML

Topic 5: Create multimedia, web-based applications with scripting

7.1 Topic 1: Object Oriented Programming

7.1.1 Subject Outcome 1: Describe basic object oriented terminology
Learning Outcomes

The student should be able to:

+ Explain the basic principles of a class.

* Explain the basic principles of an object.

+ Explain the basic principles of information hiding and encapsulation.
» Explain the basic principles of inheritance.

» Explain the basic principles of polymorphism.

7.1.2 Subject Outcome 2: Describe the fundamental differences between object oriented
and procedural programming

Learning Outcomes
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The student should be able to:

+ Explain the implementation of classes in object oriented programming, using
examples.

+ Explain encapsulation of data and functions/ methods (in classes)

* Describe how global sharing is minimised to enable weak coupling

+ Describe how modules exhibit functional cohesion

» Explain and identify possible classes for simple examples and problems.

7.1.3 Subject Outcome 3: Implement object oriented techniques in development of a
solution

Learning Outcomes
The student should be able to:

» |dentify objects and classes.
* Implement objects and classes
* Implement a class/ classes in a solution to a given problem/ scenario

7.2 Topic 2: Database application design

7.2.1 Subject Outcome 1: Review the requirements for database access for a computer
programming solution.

Learning Outcomes
The student should be able to:

* Identify and explain the feasibility of the requirements.

» Explain and identify database access objectives and critical performance factors

+ Explain how to estimate costs for the development effort required.

* Explain the need for adopting a review procedure to ensure that the outcomes meet
the database access requirements.

7.2.2 Subject Outcome 2: Design database access for a computer application
Learning Outcomes
The student should be able to:

* Describe and demonstrate design implementation per user requirements

» Describe and demonstrate the design of the database structure that resembles the
output from the data analysis

+ Describe and demonstrate how to ensure that the structure of each table in the
database adheres to the third normal form

* Identify and demonstrate the methods of accessing data.

» Identify the key relationships between the tables within the database

* Explain and demonstrate how to ensure that the data types for primary and foreign
keys are consistent throughout the database.

7.2.3 Subject Outcome 3: Write program code for database access for an application
implementing SQL
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Learning Outcomes:
The student should be able to:

+ Identify and implement a method for external data connection and access using
program code

+ Demonstrate how the program code will use language constructs to facilitate the
implementation of the solution.

+ Explain and demonstrate how to join tables in a query to satisfy a requirement

» Describe how to construct program code that preserves the integrity of data being
accessed by multiple users and processes.

7.2.4 Subject Outcome 4: Test programs for an application that accesses a database
Learning Outcomes:
The student should be able to:

» Describe and demonstrate how testing checks all program logic paths.
» Describe and demonstrate how testing corrects program code to eliminate errors
identified.

» Describe and demonstrate how testing verifies that the database access functions in

the required environment
» Describe and demonstrate how testing verifies that the database access performs
according to the design requirements.

» Describe and demonstrate how testing verifies that the database functions according

to the design requirements.

7.2.5 Subject Outcome 5: Document programs for a computer application that
accesses a database

Learning Outcomes:
The student should be able to:

» Describe how the documentation enhances the understanding of the program code.

» Describe how the documentation complements the self-documenting attributes of the

program code.
* Develop documentation to support the design, program code and solution

7.3 Topic 3: Principles of developing software for the internet

7.3.1 Subject Outcome 1: Explain the network issues related to internet applications
Learning Outcomes

The student should be able to:

» Explain the internet in terms of a session-less network protocol.

» List the implications of session-less application development.

+ Explain the impact of band-width on internet usage and data transfer
» List the implications of band-width for application design.

7.3.2 Subject Outcome 2: Explain the implications of copyright, ownership and royalties
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Learning outcomes
The student should be able to:

* Explain copyright issues related to internet development.
* Explain ownership issues related to internet development.
* Explain royalty issues related to internet development.

7.3.3 Subject Outcome 3: Explain version control and security issues related to internet
applications

Learning outcomes
The student should be able to:

» Explain version control issues related to internet development.
» Explain security issues related to internet development.
* Explain ways of managing security issues related to internet development.

7.3.4 Subject Outcome 4: Demonstrate the basic implementation of different user
interface methods used for internet applications

Learning outcomes
The student should be able to:

» Identify and explain different user interface technologies used primarily for internet
application development.

* Indicate the implications of each technology

+ Demonstrate the basic implementation of each of the user interface technologies
above.

7.4 Topic 4: Design and build a web-site using HTML

7.4.1 Subject Outcome 1: Explain basic guidelines for web-page design
Learning Outcomes

The student should be able to:

* Explain the nature and use of a web-site.
» Identify and explain the physical content of web-pages
* Explain the typical transactions which can be carried out via a web-page

7.4.2 Subject Outcome 2: Use core HTML to build a web-page
Learning Outcomes
The student should be able to:

» Discuss the advantages and disadvantages of HTML editors and other web-site design
tools.

* Integrate basic HTML functions in the design of a simple web page

» Define the HTML facilities that apply to typical web transactions
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7.5 Topic 5: Create multimedia, web-based applications with scripting

7.5.1 Subject Outcome 1: Plan the use of a multimedia, web-based authored application

Learning Outcomes

The student should be able to:

Identify the user-specified topic, purpose, target audience and objectives of the
application according to agreed development plan.

Explain how the tools selected to create multimedia, web-based applications with
scripting are justified in relation to agreed development plan.

Identify the hardware and software required to create and run the application according to
the agreed development plan.

Outline and monitor the plan for the creation of a multimedia, web-based application
according to project planning principles and financial requirements.

Describe the configuration of the computer and associated systems necessary for the
creation of the application according to the agreed development plan.

7.5.2 Subject Outcome 2: Design a multimedia, web-based application

Learning Outcomes

The student should be able to:

Design story-boards and flow-diagrams of the multimedia, web-based applications to
ensure effective communication between the developer and user.

Explain and motivate a design for a multimedia, web-based application according to user
specifications.

7.5.3 Subject Outcome 3: Identify appropriate text, graphic elements and animation

Learning Outcomes

The student should be able to:

* Explain and demonstrate how to align multimedia, web-based application text, graphic
elements and animation with agreed topic, purpose and target audience for the
application, considering South African copyright and privacy laws.

* Explain and demonstrate how text, graphic elements and animation are saved
according to agreed design specification, considering South African copyright and
privacy laws.

* Explain and demonstrate how text, graphic elements and animation are saved in a
format that allows them to be integrated into the multimedia, web-based application.

7.5.4 Subject Outcome 4: Create multimedia, web-based application scripts.

Learning outcomes

The student should be able to:

» Explain and demonstrate the script using a diagram

» Explain and demonstrate how to configure the operating environment of the computer
and associated applications and software so that it may be used as outlined in the
plan.
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* Explain and demonstrate how one or more scripts are written using standard features
of a scripting language.

» Explain and demonstrate how the scripts are tested, errors identified and corrected for
most likely conditions.

7.5.5 Subject Outcome 5: Assemble a multimedia, web-based application including scripts
Learning Outcomes
The student should be able to:

» Explain and demonstrate how to assemble a multimedia, web-based application using
the saved text, graphics and animation, and written application scripts to conform to the
planned specification and user requirements.

» Explain how the content and function of the application are consistent with the design
specification and specified computer system environment

8 RESOURCE NEEDS FOR THE TEACHING OF COMPUTER PROGRAMMING -
LEVEL 4

8.1 Physical resources
The following teaching aids should be made available, if possible:

* Lecture room

» Computer for facilitator

* Overhead projector

* Networked computer laboratory with internet access

8.2 Human resources

» The facilitator must have as a major subject Computer Programming at NQF Level 5.

» It will be to the advantage of facilitator if they have already been declared competent as
assessor and/or moderator.

» Training in OBE

8.3 Other resources

» Computer per learner

* Networked laser printer

+ SQL software

* Programming software

*  Web page design software
* Multimedia software

* Animation software

» File per learner for PoE

+ DVD-RW per learner

* Ream of paper per learner
* 1 GB flash disk per learner
* Programming magazines and journals
* Multimedia magazines
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