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Abstract 

 

Information and Communication Technologies (ICTs) are capable of expanding access to quality 

education, educational resources, and also provide teachers with new skills. Nevertheless, a 

majority of rural public schools have limited ICTs, mainly due to geographical landscape, lack of 

service delivery and poverty. As a result, they currently seem not to be adequately benefiting 

from current advancements in ICTs. The main objective of this research study was to investigate 

an appropriate broadband services delivery model using wireless access technologies, such as a 

Global System for Mobile communication (GSM) and Enhanced data rates for GSM Evolution 

(EDGE) to deliver electronic-based educational information to resource-constrained public high 

schools. An exploratory case study approach was adopted to identify and understand the 

challenges faced by rural schools in the Greater Tubatse Municipality (GTM), including 

educational services and content considered by the schools as relevant and useful. The research 

results indicate that resource-constrained schools in the GTM are facing challenges of lack of 

access to electronic educational information and services, and as a result, teaching and learning 

becomes limiting and challenging. Based on the research findings, the results show that having 

access to learning material via electronic platforms could afford educators and learners the 

opportunity to interact with the outside world, improve learning and teaching and benefit the 

community as a whole.  

 

The broadband services delivery conceptual model (BSDCM) was proposed, developed and 

evaluated to address the lack of electronic educational information and services for resource-

constrained public high schools. The BSDCM is composed of both technical and non-technical 

components that consider requirements of all role players, ICT challenges, policy makers and 

Information Communication Technology for Education (ICT4ED) interventions.  

 

The proposed model addressed some of the challenges regarding lack of access to educational 

content. However, it is recommended that the ICT4ED policies governing the use of mobile 

devices in the classrooms be introduced by the relevant authorities. In addition, a comparative 

analysis of other network technologies should be conducted to establish if the TCP/IP header 
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compression on Point to Point Protocol (PPP) improves the performance of the network in 

resource-constrained environments. Furthermore, it is recommended that further research and 

experiments be conducted to determine if other various third party content providers could create 

and deploy various educational services and content for different computing platforms using the 

proposed BSDCM.  

 

Keywords: Broadband, e-Education, Information Communication Technologies, Resource-

constrained schools, Greater Tubatse Municipality, Public Schools, Electronic Access, Case 

Study, Educational Information. 
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Chapter 1- Introduction 

 

  

Figure 1.1: Chapter 1 Layout 

1.1 Introduction 

 

The main objective of this research study was to investigate the need for and develop an 

appropriate broadband services delivery model using wireless access technologies, such as 

Global System for Mobile Communication (GSM) and Enhance Data Rates for GSM Evolution 

(EDGE) to deliver electronic-based educational information to resource-constrained public high 

schools. The ultimate goal of the envisaged model is on improving and enhancing access to 

learning material in electronic platforms by these public high schools. These include access to e-

books, videos, learning programs, educational games, and Internet access.  
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The aim of this chapter is to describe the background to the study and also to describe the 

problem statement, research questions and objectives of the study. A brief overview of the 

research methodology adopted and the significance of the study are also introduced. In addition, 

the scope and limitations of the study conducted are presented. Furthermore, ethical 

considerations related to the research study are highlighted. The chapter concludes with an 

overview of the dissertation chapter by chapter. The Chapter is outlined in Figure 1. 

1.2 Background 

 

The broadband infrastructure is defined as the network of deployed telecommunication 

equipment and various technologies to provide high-speed connectivity and other advanced 

telecommunication services for businesses, private homes, schools, commercial establishments 

and public institutions (Mkhomazi & Iyamu, 2011; DOC, 2013; Khan, 2015). Drawing from the 

Broadband Report (2014), the Broadband Commission for Digital Development defines 

broadband as a high-speed always-on internet access capable to deliver multiple services 

simultaneously.  

The use of high-speed broadband communication networks is becoming an increasingly 

important part of our daily lives, and most countries encourage the deployment of broadband 

services and infrastructure so that they could become competitive in the world market (Drago et 

al., 2012; ITU & UNESCO, 2016; Song, 2016). According to Kennedy et al. (2015), broadband 

connectivity could enhance social equity in terms of education improvement, access to 

information in digital platforms, economic growth as well as poverty reduction in the rural 

communities. In addition, broadband penetration will increase the Gross Domestic Product 

(GDP), new jobs, enhance public service delivery, rural development and the broadening of 

educational opportunities (DOC, 2013; GSMA Intelligence, 2015).  

The research studies by Mkhomazi and Iyamu (2011), Pande and Patel (2012) and Iano et al. 

(2015) have pointed out that in the field of education, broadband connectivity could ease access 

to digital materials, increase educational opportunities and support the learning process. For 

example, the adoption of broadband telecommunications in the United State of America (USA) 

benefited education through the sharing of curricula amongst schools in rural areas (Mkhomazi 

& Iyamu, 2011). Digital materials can be quickly and easily reproduced, shared and distributed 
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(Koopman, 2014). In South Africa, broadband and mobile phones could, for instance, assist 

instructors in the teaching of  biology to share lesson plans and pedagogical ideas through  social 

media platforms ( ITU & UNESCO, 2015). It is vital to have access to digital materials as there 

is a huge demand for up-to-date, relevant and contextualised educational material in developing 

countries (Koopman, 2014).     

Many reports and policies have shown that the broadband penetration in South Africa remains 

limited compared to that of other low to middle-income countries (e.g. North Africa and African 

island states), particularly in the rural and under-serviced environments ( Kennedy et al., 2015; 

ITU & UNESCO, 2015; ITU & UNESCO, 2016). Ford et al. (2014) noted that the large portion 

of deep rural schools in South Africa are facing many challenges, which includes poor education 

systems, limited or no access to ICT infrastructure and teaching materials such as textbooks. 

Khan (2015) also added that the lack of broadband connectivity required by public institutions 

such as schools impacted negatively on the country’s development and global competitiveness. 

 

Rural areas are characterised by low population density, located in the villages, low economic 

opportunities and the income of the villagers  is generally low (Agarwal & De, 2016). The rural 

area is regarded as a resource-constrained environment (Herselman & Botha, 2014:1). A 

resource-constrained environment is defined by Anderson et al. (2012) as an environment where 

there are low-income communities and low network bandwidth. A resource-constrained 

environment provides unique challenges where power and network connectivity are scarce and 

expensive, and cultures where people are unfamiliar with or afraid of technology (Herselman & 

Botha, 2014:1). Furthermore, deployment and operations of telecommunication networks in the 

resource-constrained environment are considered to be challenging and expensive in relation to 

the return on investment (Mkhomazi & Iyamu, 2011; Agarwal & De, 2016).  

 

Despite the lack of broadband infrastructure in rural areas, the majority of South African rural 

areas have access to mobile telecommunication infrastructure in the form of GSM and Enhanced 

Data Rates for GSM Evolution (EDGE) technologies. These technologies account for nearly 

one-third of total subscribers in the Southern Africa Development Community (SADC) region 

(Song, 2016). The reports by ITU (2014) and GSMA Intelligence (2015), show that  the 

ownership of mobile phones continues to grow, at the same time a number of developing 
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countries have been able to leverage mobile technologies to connect under-serviced areas. Two-

thirds of Sub-Saharan Africa’s population has mobile phone reception and one-quarter have 

access to mobile data services (Song, 2016). Drawing from the SADC mobile subscriber growth 

report in Figure 1.2, the SADC region, including South Africa has a mobile penetration rate of 

fifty-four per cent (54%) and seventy-nine per cent (79%) has GSM and EDGE technologies 

(2G) coverage (GSMA Intelligence, 2016). 

 

Figure 1.2: SADC Mobile Subscription Growth (adapted from GSMA Intelligence, 2015)  

The lack of broadband and ICTs infrastructure in the resource-constrained environment and 

existing research that indicates how broadband services could potentially increase access to 

educational information in electronic platforms was the main motivation underlying this research 

study. The study focused on resource-constrained public high schools under the Greater Tubatse 

Municipality (GTM) in Limpopo Province of South Africa.   

1.3 Problem Statement 

 

Broadband infrastructure is of critical importance to bridge the digital gap between the rural  and 

urban schools in South Africa (Iano et al., 2015; Agarwal & De, 2016). In South Africa, rural 

and underserviced areas, particularly the former homelands have low or non-existing broadband 

infrastructure  (DOC, 2013; Kennedy et al., 2015; RSA  Report, 2016).  
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The broadband infrastructure deployment in the rural regions is hampered by lack of electricity, 

security, fixed-line deployment costs and maintenance, poverty, lack of technical skills and 

geographical landscape (Roberts et al., 2015). Africa Connect Policy also articulated that the 

high prices charged for broadband services are identified as one of the factors hampering South 

Africa’s competitiveness (RSA  Report, 2016).  

The most current literature presented in Chapter 3 (Section 3.5) has shown that existing Mobile 

Service Delivery Platforms (MSDPs) requires significant bandwidth, which is still a huge 

challenge in the rural and developing countries. Furthermore, the majority of the MSDPs 

evaluated in section 3.5 are very complex and not easy to use for non-skilled end-users, they 

required highly skilled programmers. 

This research study focused on the resource-constrained high schools in the Greater Tubatse 

Municipality (GTM), Limpopo. These are the schools that have no suitable broadband services 

delivery model and Information Communication Technologies (ICTs) to address the limitation of 

access to more learning information on electronic platforms. The researcher focused on public 

secondary schools because of a high demand for ICT in high schools, and because of the various 

challenges experienced by the public schools in Limpopo. According to Section 27 (2014), the 

Limpopo province has the highest levels of poverty and unemployment in South Africa. It also 

has some of the worst performing public high schools in the country, most of the schools being 

categorised between Quintile 1–3 by the Department of Basic Education (DBE) (DBE, 2013; 

Mestry & Ndhlovu, 2014). In addition, a number of challenges have been reported in the media 

including, challenges with delivery of textbooks suggesting lack of access to educational 

material and technology  (Section 27, 2014).  

1.4 Research Questions 

 

In order to achieve the goal highlighted in Section 1.5 the main research question that this study 

investigated was: What is the appropriate model for delivering broadband services (e.g. digital 

learning information) to resource-constrained public high schools in South Africa?  

The main question can be expanded into the following subsidiary questions: 
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 Sub-question 1 

What challenges are faced by resource-constrained public high schools regarding the lack 

of access to digital learning information? 

 Sub-question 2 

What are the value-adding services and digital content considered by South African 

public high schools as relevant and useful? 

 Sub-question 3 

What broadband Mobile Service Delivery Platforms (MSDPs) are available to address 

value adding services and digital content problems required by resource-constrained 

public high schools? 

 Sub-question 4 

How to design an appropriate broadband service delivery conceptual model for 

seamlessly delivering broadband services (e.g. digital learning information) to resource-

constrained public high schools? 

 Sub-question 5 

How relevant and useful is the proposed broadband service delivery model as compared 

to other existing broadband service delivery models? 

1.5 The Goal and Objectives of the Study 

 

The main goal of the research was to identify and develop a broadband services delivery model 

using GSM and EDGE wireless technologies as the foundation to provide access to digital 

learning information given the shortage of resources such as telecommunication connectivity, 

affordability, learning materials and tools, adequate number of educators with expert skills in 

resource-constrained public high schools.  

This goal is fulfilled through the achievement of the specific subsidiary objectives detailed 

below: 
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 Objective 1  

To identify the challenges faced by resource-constrained public high schools regarding 

the lack of access to digital learning information. 

 Objective 2 

To identify value-adding services and digital content considered by South African public 

high schools as relevant and useful.  

 Objective 3 

To explore and evaluate the broadband Mobile Service Delivery Platforms (MSDPs) 

available to address value adding services and content required in the public high schools. 

 Objective 4 

To investigate, design and develop a broadband service delivery conceptual model for 

delivering broadband services (e.g. digital learning information) to resource-constrained 

public high schools. 

 Objective 5 

To comparatively and experimentally evaluate the broadband service delivery conceptual 

model and technical architecture against other broadband-related service delivery models. 

 

In Figure 1.3, the link between the research sub-questions, sub-objectives and main objective are 

summarised. 

 

Figure 1.3: The link between the research questions and objectives 
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1.6 Overview of Research Methodology 

 

The research methodology adopted in this study is discussed in detail in Chapter Four. The 

research design is mainly of the Design Science Research (DSR) paradigm, which is extensively 

used as an approach that includes the Design Science Research Process (DSRP) model and 

pointing clearly the DSR cycles to create artefacts in order to resolve the problem identified in 

Section 1.3. DSR paradigm, as explained by Hevner et al. (2004) and Adikari et al. (2009) 

focuses on creating artefacts to solve the wicked problems. Ford and Herselman (2014:13) citing 

Hevner & Chatterjee (2010:11) explained that wicked problems relate to the ill-defined 

environmental context as well as creativity and teamwork to produce solutions.  

To gather the requirements of the proposed broadband service delivery model, an exploratory 

case study approach in the GTM (Chapter Five) and literature review (Chapter Two) was 

conducted to identify and understand the challenges faced by rural schools, including educational 

services and content considered by public high schools as relevant and useful. Furthermore, a 

case study was carried out to examine the state of ICT infrastructure in the GTM.  The primary 

data was collected by means of three methods: Direct observation, documents analysis and semi-

structured interview. The high schools and participants were selected using the purposive 

sampling technique. The method of analysis chosen for this study was a thematic data analysis 

technique to analyse the qualitative data. 

The proposed broadband service delivery model over existing wireless technologies is evaluated 

against other Mobile Service Delivery Platforms (MSDPs) to determine if it may address the 

research problem. Furthermore, since resource-constrained environments are quite complex, it 

was therefore essential to conduct technical evaluations of the proposed model using controlled 

experiments in a lab environment. The evaluation approach is discussed in Chapter Seven. 

1.7 Significance of the Study 

 

The study focuses on identifying and developing a service-delivery model using existing wireless 

technologies to the resource-constrained environment of Limpopo province. The model will   

assist in providing connectivity in the public high schools and to ensure access to more learning 

information and educational expert skills using ICT infrastructure. The findings of this study 

would contribute to the Department of Education’s turnaround plan called Action Plan 2014 

http://link.springer.com/search?facet-author=%22Alan+Hevner%22
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towards realisation of Schooling 2025 to fast-track the provision of basic infrastructure to 

schools in the remote areas.  

The proposed broadband service delivery model could also be adopted by various organisations 

such as Internet Service Providers (ISPs) to deliver the digital content and services in the 

resource-constrained public schools. Furthermore, the findings from the case study will inform 

other academic communities, policy makers and content providers about the nature of value 

adding services and content considered useful and relevant by high schools. The study targets the 

academic community, ISPs, government institutions and policy makers within South Africa.  

1.8 Scope and Limitations  

 

 There are number of resource-constrained public schools in South Africa, due to time 

constraints and travelling resources the study targeted the public high schools located in 

the Greater Tubatse Municipality (GTM) in the Limpopo province. 

 The study focused on secondary data from the literature, particularly those of the 

education and communication department and other government institutions resources. 

 The study focused only on the nature of digital content and services that the South 

African schools consider as relevant and useful. 

 The study only focused on the use of existing wireless access technologies in the GTM 

such as EDGE and GSM. It is assumed that most resource-constrained areas in South 

Africa would to some extent have access to GSM and/or EDGE. However, as broadband 

access improves, it is also expected that broadband access in these areas may also 

improve. 

 The cost and schedule for implementation of proposed broadband service delivery model 

is not considered in this study. 

1.9 Ethical Considerations 

 

The researcher applied for an ethical clearance from UNISA to have official permission to 

conduct the study and also cover confidentiality and anonymity of participants. After the 
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clearance was received, the Department of Basic Education (DBE) (Sekhukhune District 

Municipality) was approached through a letter addressed to the District Senior Manager, after the 

aim of the research was discussed telephonically. The letter of approval was obtained, and school 

principals were asked for permission for their teachers to participate in the semi-structured 

interviews. Once they agreed to participate, the date and times were settled for when the field 

observations and interviews could be performed. The participants were asked to fill in and sign 

the consent form which outlined the research purpose. The participants were volunteers and 

could terminate their participation at any point in the process. They were informed about the 

recording of interviews. The interviews took between 18 to 33 minutes. The participants and 

schools will remain anonymous to protect their confidentiality as per ethical clearance 

conditions. 

1.10 Dissertation Chapter Outline 

 

This dissertation consists of eight chapters, they are outlined as follows: 

 

 Chapter One 

This chapter introduces the background and the motivation for the study. It covers the problem 

statement, research questions, research objectives, methodology overview, significance of the 

study, scope and limitations of the research and lastly, ethical considerations. 

 Chapter Two 

This chapter presents a literature review of ICT in education, particularly potential benefits of 

using ICTs for education; highlights content and services considered by schools for teaching and 

learning; and, explores the general challenges faced by schools in the rural areas regarding lack 

of access to ICTs. This chapter further details the state of the broadband penetration in the rural 

areas in South Africa.   

 Chapter Three 

The third chapter explores the number of existing Mobile Service Delivery Platforms (MSDPs) 

which could serve as the foundation of proposed model. The MSDPs are later evaluated to 

establish if they are suitable for deployment in the rural area environment in South Africa. 
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 Chapter Four 

This chapter provides a detailed description of the research methodology used in the study. It 

covers the research design, research paradigm, data analysis techniques, sampling methods, data 

collection techniques and finally the research setting is described. 

 Chapter Five 

This chapter uses data analysis techniques discussed in Chapter Four to analyse and discuss data 

obtained from the case study findings. It covers the participants’ selection and research 

limitations of the study, data processing and consolidation. The case study findings are presented 

and discussed. 

 Chapter Six 

This chapter forms part of the design phase of the research process discussed in Chapter Four. It 

uses requirements gathered from Chapter Two and addresses the MSDP’s limitations discussed 

in Chapter Three to propose a broadband service delivery conceptual model and architecture 

suitable for resource-constrained environment deployment.  

 Chapter Seven 

This chapter evaluates the effectiveness of a suitable broadband service delivery model to 

address the research problem. This chapter evaluates the model in the form of comparative 

analysis against other models and extensive experiments using network simulations and 

visualisation tools.  

 Chapter Eight 

The chapter presents the concluding findings of the study, and the suitable broadband delivery 

model is presented. It also covers the contribution of the study, the research recommendations, 

suggestions for future research and the author’s reflections. 
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1.11 Chapter Summary 

 

In this chapter, the study was introduced with regard to a general overview of the study, a brief 

literature review to support the research problem, the research problem, and research objectives. 

Research questions outlined serve as a basis to understanding the research problem. The research 

methodology including data collection methods were also outlined in this chapter. The scope and 

limitations of this study have also been explained. The significance and contribution made by the 

research study was explained and the organisation of the thesis disclosed.  
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Chapter 2- Use of ICTs in Education: South African Context 

 

 

 

Figure 2.1: Chapter 2 Layout 

2.1 Introduction 

 

The primary objective of this literature review chapter is to introduce the use of Information 

Communication Technologies (ICTs) in public schools in South Africa. This chapter provides a 

brief review on potential benefits of using ICTs for education; and, highlights content and 

services considered by schools for teaching and learning. In this chapter, we also explore the 

general challenges faced by schools in the rural areas in South Africa regarding lack of access to 

ICTs. The chapter assists in answering two sub-questions: 

 What challenges are faced by resource-constrained public high schools regarding the lack 

of access to digital learning information? 
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 What are the value-added services and content considered by South African public high 

schools as relevant and useful? 

 

This chapter further details the broadband penetration in the rural and underserviced areas in 

South Africa. Various fixed and mobile access technologies for rural deployment are also 

discussed and evaluated against a list of requirements and challenges listed in Section 2.2.2 and 

2.2.3 respectively.  

2.2 ICTs in Education 

 

According to South African National Department of Education’s e-Education White paper 

(Department of Education, 2004), ICTs are combinations of networks, software and hardware 

that enable the processing, management and exchange of data, information and knowledge. In 

education, the use of ICTs eases access to information and learning resources for both learners 

and teachers in the schools; further improving teaching and learning (Nkula & Krauss, 2014). 

The introduction of ICTs into the schools was initially seen as a tool to develop 21
st
 century 

skills, such as communication, collaboration, critical thinking and problem solving skills 

(Koopman, 2014). However, today the focus is changing the ICTs to become a tool for teaching 

and learning (Ford et al., 2014). Non-government organisations (NGOs) such as SchoolNet
1
 

South Africa (SA) are not only advocating the use of ICTs as the catalyst for change, but they are 

motivating teachers and senior managers to enhance their teaching approaches (SchoolNet Plan, 

2015).  The next sub-sections briefly explore the importance of using ICT, including recent 

developments to support teaching and learning via technology-led innovations in South African 

schools.  

 Importance of Using ICTs in Education  2.2.1

 

Observations by Nkula and Krauss (2014) indicate that, in order to improve the quality of 

learning and development across South Africa, the government has invested in ICTs in 

education. To achieve effective outcomes in respect to technology, educators and learners  need 

to accept and utilise ICTs effectively (Mathevula & Uwizeyimana, 2014).  

                                                 
1
 For more information see: http://www.schoolnet.org.za/  

http://www.schoolnet.org.za/
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As Mdlongwa (2012) advised, the integration of ICTs into the school curriculum comes with 

some of the following benefits: 

 Exposure to ICTs would empower learners to become creative in their own right, for 

example conducting research on their own. 

 Introduction of ICTs would allow learners to develop skills that will give them an edge in 

a technology-saturated work environment. 

  A learner who uses ICTs when doing projects begins to develop a culture of independent 

learning and self-management thus gaining research and communication skills, which are 

vital in today’s work environment. 

 

Findings from a research study by Mathevula and Uwizeyimana (2014) citing, Mikre (2011), 

reveal that students who use computer tutorials  in Natural Science, Mathematics and Social 

Science subjects score significantly higher marks in tests than those who do not use ICTs. 

Furthermore, Khumalo et al. (2015) argues that the use of ICTs in education contributes to a 

more constructivist learning approach and an increase in activity and greater responsibility on the 

part of students. Koopman (2014) also added that the use of ICTs in education will not only 

improve access to relevant educational materials, but can contribute greatly to the professional 

development of teachers. Researchers Motsi and Kalema (2015) added that, ICTs have also 

improved collaboration between learners and educators and within educators themselves. 

 

In South Africa, various government departments in partnership with Non-Government 

Organisations (NGOs) and other stakeholders introduced a number of programmes and projects 

to support traditional teaching and learning with ICTs. Some of the recent developments to 

support teaching and learning via technology-led innovations in South African schools include: 

 

 SchoolNet Projects: the project promotes learning and teaching through the use of ICTs 

in schools. Some SchoolNet projects include supporting teachers through hosting 

discussions across its social network platforms such as Twitter, Facebook, YouTube and 

the SchoolNet Blog (SchoolNet Plan, 2015).  
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 ICT4RED Project: ICT for Rural Education Development (ICT4RED) is a sub-project to 

TECH4RED
2
 (Technology for Rural Education Development) project. The project was 

initiated by the DBE, Department of Science and Technology (DST) and the Council of 

Scientific and Industrial Research (CSIR) to improve rural education via technology-led 

innovation in the Cofimvaba region in Eastern Cape (Botha & Herselman, 2013). The 12-

component framework of ICT4RED project has successfully identified the different 

activities that need to be undertaken in a complex ICT for Education project (Ford et al., 

2014). 

 Intel Teach Program: Intel Teach program sponsors SchoolNet conferences and provides 

funding for professional development of teachers at selected schools nationally 

(SchoolNet Plan, 2015). The programme provides participating educators with extensive 

training to plan projects that promote effective use of ICTs in the classrooms. 

 Google in Education: the mission of Google in Education and SchoolNet partnership is to 

develop educators who are using technology for teaching to become Google Certified 

Teachers (GCT). The ultimate goal of the programme is to improve learning through a 

web-based literacy technology (SchoolNet Plan, 2015). 

  Microsoft Partners in Learning
3
: the Microsoft Partners in learning programme enables 

school leaders to embrace innovation and implement technology to support teaching and 

learning (Microsoft Partners in Learning , n.d.). 

 Microsoft Math: is an educational programme, endorsed by the DST and Nokia, which 

offer over 10 000 mathematics problems accessible via all types of mobile phones 

(Broadband Report, 2015). Microsoft Math programme allows learners to do 

mathematics exercises, read theories, learn from examples and collaborate with other 

learners.    

 Operation Phakisa ICT in Education Lab: The programme fast tracks the objectives 

outlined in the National Development Plan (NDP) (National Planning Commission, 

2010). The aim of this initiative is to develop a systematic and detailed roll-out plan for 

delivery of curriculum through ICT to schools in South Africa (SA News, n.d.). 

                                                 
2
 More information about TECH4RED initiative is available on: http://www.ict4red.co.za/about-us/tech4red/  

3 For more information on Microsoft Partners in Learning program see: 

http://www.microsoft.com/southafrica/partnersinlearning/default.aspx    

http://www.ict4red.co.za/about-us/tech4red/
http://www.microsoft.com/southafrica/partnersinlearning/default.aspx
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Operation Phakisa lab processed five identified work streams and developed 

implementation frameworks to address short-term activities and medium to long-term 

plans.  

 

In addition to the aforementioned interventions, the Department of Basic Education (DBE) 

introduced programs such as Accelerated Schools Infrastructure Delivery Initiative (ASIDI) to 

fast-track the provision of basic infrastructure to schools that are currently unable to operate 

properly due to inadequate infrastructure (DBE, 2011).  

 

Findings from a case study conducted by Chigona et al. (2014) in the Western Cape also show 

that the adoption of ICTs resources in the schools makes teaching easier and engaging. The study 

also revealed that some educators found the use of ICTs resources in the teaching of 

Mathematics subjects most rewarding (Chigona et al., 2014). The effect of ICTs adoption in the 

classrooms in the Gauteng province has also presented many positive outcomes, among which 

are improvements observed in core subjects such as Geography, English, and Mathematics 

(Bester & Brand, 2013).     

 Content and Services Considered as Relevant for Teaching and Learning 2.2.2

 

Study by Mathevula and Uwizeyimana (2014) suggest that there has been an growth in the use of 

ICTs to provide teachers with new skills and introducing new methods and practices of teaching 

in the classrooms. For example, e-learning, engaging in professional circles and searching for 

educational content on the web. ICTs also expand the access to quality education, access to 

educational resources that might not otherwise be available in the schools (e.g. online courses 

and lessons, broadcast media), provide universal primary education in developing countries, 

boost the literacy and help in preparing learners by developing skills, such as communication, 

collaboration, critical thinking and problem solving (Nkula & Krauss, 2014).  

Nkula and Krauss (2014) also argues that for technology to become a tool for learning and 

teaching, teachers must also develop a main conception of their subject matter with respect to 

ICTs and what it means to teach with ICTs. In assisting teachers to develop their teaching with 

technology and understanding teachers’ development toward rich-use of technology, Mishra and  

Koehler (2006) introduced the technological pedagogical content knowledge (TPCK) 
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framework. TPCK is a framework to understand the kind of knowledge needed by educators for 

effective pedagogical practice to implement technology into their classrooms for teaching and 

learning purposes (Alzain et al., 2014). In South Africa particularly, schools within the country 

are still behind in the intergration of new technologies into the curriculum (Chigona & Chigona, 

2013). 

To enhance the traditional forms of educating learners, Mkhomazi and Iyamu (2011) indicated 

that broadband access could enable the educators to obtain real-time material and use the 

programs such as: 

 Video conferencing;  

 Interactive teaching programs (ITP); 

 Lessons; and 

 Educational gaming. 

Bester and Brand (2013) also pointed out that using computer technologies such as CD-ROMs, 

web browsers, e-mail services, MP3 players, audio-visual facilities, skype and power-point or 

video recording presentations could promote interactive teaching and learning. In addition, 

broadband connectivity allows access to services such as video-conferencing facilities, instant 

messaging (IM) and discussion forums, which could allow pupils and educators to research 

topics of interest and gain more experience of other countries (Condie & Munro, 2007).  

According to a study conducted by Mathevula and Uwizeyimana (2014), cell phone technology 

enables access to services such as a mobile social networking, Short Message Services (SMS) 

text messaging and free IM applications for mobile phones and Personal Computers (PCs), 

which could potentially be used for teaching and learning platforms. The use of tablets and 

smartphones, which can provide the digital content such as electronic text books has become 

popular in both developing and developed countries (Ford et al., 2014).  

In addition to the adoption of ICTs to enhance teaching and learning in the classroom, ICTs 

could also ease general school administration and management. In South Africa, the DBE 

introduced the South African School Administration Management System
4
 (SA-SAMS) for 

                                                 
4 More information about SA-SAMS is available on: http://www.sasams.co.za/ 
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public schools’ curriculum administration, learners and staff management and governance (DBE, 

2013). According to Muriithi and Masinde (2016), SA-SAMS is made up of modules that enable 

the school administrators to: 

 Compile annual school surveys;  

 Track and record the Learning and Teaching Support Materials (LTSM);  

 Capture, track and submit fee receipt to their districts; 

 Record basic information about learners, teachers and the school; 

 Capture and track learner marks across different subjects; and 

 Allocate teaching duties (Time Table).     

 Challenges Regarding Lack of ICTs in Rural Public Schools 2.2.3

 

The Department of Basic Education (DBE) acknowledges that there are challenges, which 

influence the low performance of learners in the South African schooling system, hence the 

introduction of the turnaround plan called Action Plan 2014 towards realisation of Schooling 

2025 (SADC-AU, 2011).  

Khumalo et al. (2015) highlighted that poor provisioning of ICT infrastructure, lack of 

electricity, shortage of educational resources such as computers, let alone access to the Internet, 

impact negatively on the teaching of science subjects in public schools. Some of the challenges 

with regard to the use of ICT in classrooms, among others, include fear of change among the 

users, high cost of technology implementation, maintenance cost and the language used (Walaza 

et al., 2014).  

The study conducted by Herselman (2003) highlighted some of the drawbacks facing rural 

schools as follows: 

 Lack of skilled and experienced teachers: this is due to accessibility and availability of 

appropriate facilities and relevant resources needed for teaching; 

 Lack of telephone facilities: it will make it possible for rural schools to access Internet 

and exchange information with their urban counterparts; 



36 

 

 Lack of stationery and school buildings: without buildings and stationery, it becomes 

impossible for learners to receive adequate teaching; 

 Lack of computers: the computers and its resources are central to modern education, and 

it is unlikely to find computer laboratories (labs) in most of rural schools; and   

 Remotely situated rural schools: most of rural schools are located in inaccessible areas, 

making it difficult to provide resources and facilities. 

In a different study by Jere et al., (2013) the following challenges were mentioned: 

 Lack of ICT maintenance; 

 Shortage of power in the rural schools to operate ICTs; 

 Expensive Internet access and equipment; 

 No ICT awareness program and ignorance; 

 Drastic ICT changes; 

 No adequate ICT regulations; 

 Lack of ICT literacy; and 

 Resistance to technological changes. 

Today South African schools are faced with learners who were born in the era of fast growing 

and advanced technology, therefore access to ICTs is no longer a nice-to-have, but an urgent 

requirement to facilitate teaching and learning (DBE, 2015).    

Literature suggests that schools with ICTs still have challenges, they tend to use ICTs in a 

limited manner and only focus on learning about computers or acquiring ICT skills rather than 

putting emphasis on using ICTs to learn (Nkula & Krauss, 2014). This statement was supported 

by Herselman and Botha (2014:4) who states  that teachers in the rural areas are willing to use 

ICTs for teaching and learning, but they are not qualified in terms of content knowledge and 

pedagogy. Thus, they are unable to integrate the technology in the classrooms. Mathevula and 

Uwizeyimana (2014) also argues that, there is a danger that student may be confused by the 

multiplicity of available information sources from which to choose from. Learners may spend 

time on websites containing unsolicited contents, such as pornographic material, which could 
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require teacher to spend much time trying to control students from using websites unrelated to 

the learning content, instead of focusing on teaching (Mathevula & Uwizeyimana, 2014).   

Some of the challenges highlighted in the literature conducted by Chigona et al., (2014) and  

Nkula and Krauss (2014) suggest that educators who do not feel confident and ready to use ICTs 

are unlikely to integrate them in their pedagogy. Chigona et al. (2014), citing Sherman and 

Horward (2012), highlighted that some of the educators do not use ICTs in their classrooms 

because they are computer-phobic
5
. Despite teachers having access to ICTs in some schools, 

they do not utilise them to deliver the curriculum. In addition, a study by Herselman and Botha 

(2014:3) has also shown that problems and complexities within South African education system 

such as ongoing changes to curricula, teachers’ under-performance, lack of school leadership and 

management skills significantly influence the performance of learners, particularly in rural 

schools. 

These findings above are in line the statement in Evoh's (2007), who mentions that “in order to 

utilize ICT educational development, it is crucial to train teachers and students, develop content 

and curriculum, and facilitate community involvement and participation in the implementation 

process”.  

2.3 Broadband Penetration in the Rural Areas 

 

Many reports have shown that there is slow growth of broadband Internet access in the rural 

areas, more especially in the developing countries such as those in sub-Saharan Africa (ITU, 

2014; ITU & UNESCO. 2015). In many African countries including South Africa, broadband 

infrastructure penetration is very low and in some areas there is no existence (Kennedy et al., 

2015). Research shows 53.3 per cent of South African households has at least one member who 

can access internet either at home, place of study, internet café or work (Stats SA, 2015). A 

recent report from GSMA Intelligence (2016), shows that there has been a decline in broadband 

penetration in the Southern African Development Community (SADC) region, including South 

Africa. Reading from the South African Connect policy, in the past two decades, South Africa 

has lost its continental leadership in broadband and internet access (DOC, 2013).  

                                                 
5 Computer Phobic is associated with the anxiety about learning to use computers. More information available on: 

http://www.igi-global.com/dictionary/computer-phobia/5064  
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Providing internet access to the rural areas is seen as a major boost to the Information 

Communication Technology for Development (ICT4D) activities in every developing country 

(Dalvit et al., 2014). Setting up the broadband connection in these areas would mean great 

investment in the e-learning, e-commerce and other economic activities (Khan, 2015). The lack 

of the broadband infrastructure access to the rural communities will disadvantage these 

communities to keep up with global development (Dalvit et al., 2014). 

Sibanda et al. (2008) supported by Huang et al. (2012) pointed out the geographical landscape in 

most of the rural areas as one of the challenges to deploy the networks, because of issues such as 

valleys, swamps, and mountainous terrain, which make it difficult to deploy the infrastructure. 

Besides these limitations, the deployment of the network is further hampered by the lack of a 

reliable energy supplier in some parts of rural areas, as a  result, the network operators have to 

rely on other alternative energy supply schemes, such as solar systems and diesel generators , 

which are not always efficient or cost-effective (Masonta et al., 2010). 

Agarwal and De (2016) also argue that the operation and deployment of telecommunication 

networks in the rural areas is considered to be challenging and expensive relative to return on 

investment.  

 Fixed-Line Access Technologies for Rural Deployment in South Africa 2.3.1

 

Generally, the fixed-line technology such as copper, coaxial, fibre optic and power cable 

networks have a high capital infrastructure layout, requiring the deployment of cable links to 

individual sites at the high cost as compared to wireless technologies (Mlitwa & Ockards, 2008).  

According to a GSMA Intelligence (2016) report, there is limited fixed-line infrustructure in 

Sub-Saharan Africa, and where it does exist it is expensive for the local population. 

Telkom South Africa (SA)
6
 is currently the only provider of fixed-line affordable broadband 

connectivity in the form of ADSL (Asymmetrical Digital Subscriber Line) technology in South 

Africa. The deployment of ADSL is fairly inexpensive in the areas where there is copper wire 

infrastructure, however, the technology has its own limitations such as the distance, meaning that 

                                                 
6
 For more information see: http://www.telkom.co.za  

http://www.telkom.co.za/
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it cannot reach rural areas due to various challenges described in Section 2.3 (Slabbert & Buys, 

2007).  

Besides these limitations, copper cable theft has been a major problem in South Africa for many 

years (Telkom SA, 2014). Despite the decrease of 12,9 per cent in the number of reported cable 

thefts, breakage and sabotage incidents, each year Telkom SA incurs substantial costs of repairs 

and maintenance (Telkom SA, 2014). Telkom SA reported 6 000 incidents of theft across its 

network, with the loss of R200 million during 2015 financial year, due to cable theft (ITWEB, 

2016).These thefts cause service repair and deployment delays and have the financial 

implications, which affect revenue losses (Telkom SA, 2015). Drawing from these reports, 

deployment of fixed-line broadband infrastructure in the rural areas remains a challenge.  

However, there are a number of alternative wireless technologies competing to provide the 

broadband wireless access in the rural areas. In some cases these technologies can be deployed as 

the alternative to copper/fibre infrastructure and become effective telecommunication solutions 

in most of underserviced areas (Odhiambo & Kurien, 2009). Various wireless technologies are 

discussed further in Section 2.3.2 of this study. 

 State of Mobile Networks in South African Rural Areas 2.3.2

 

Mobile infrastructure has reached many people in the rural areas of emerging economies before 

the other basic necessities, such as water and electricity (Louw & Dörflinger, 2010; Stats SA, 

2015). Latest reports by ITU (2014) show that a number of developing countries have been able 

to leverage mobile technologies to overcome fixed-line infrastructure barriers and provide 

connectivity to previously unconnected areas.  

Drawing from a Statistics South Africa (Stats SA) census report cited by Ngyende (2012), the 

number of households owning cell phones increased from 31,9 per cent in 2001 to 88,9 per cent 

in 2011 (Ngyende, 2012). The report also indicated that on average, more than 90 per cent of 

rural households had access to cellular phones in South Africa, and 89.3 per cent were observed 

in Limpopo province. This confirms that mobile connectivity and accessibility have increased 

over the years in the resource-constrained environments. The studies by Dalvit et al. (2014) and 

Song (2016) indicated that cell phones are the most popular and accessible ICT devices in South 

Africa today, particularly in the rural areas. The introduction of cell phones plays a major role in 
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narrowing the digital divide and they are powerful computing devices that can be used as the 

potential learning tool in South African schools  (ITU & UNESCO, 2015; ITU & UNESCO, 

2016). Due to the high cost of fixed-line broadband services, and slow deployment, mobile 

technologies rapidly became the primary form of broadband access in South Africa (DOC, 

2013). 

As indicated by Dalvit et al. (2014), the majority of communities living in the South African 

rural areas have access to mobile telecommunications infrastructure in the form of a Global 

System for mobile communication (GSM) technology. There is also the availability of GPRS 

(General Packet Radio Service) wherever GSM is available, with EDGE (Enhanced Data rates 

for GSM Evolution) growing fast (Louw & Dörflinger, 2010).The GPRS  is considered as the 2.5 

generation technology. It is the standard from the European Telecommunication Standards 

Institute (ETSI) as a bearer service based on the GSM architecture introduced in 2001, based on 

Release 97 (Wille & Kok, 2006). This technology is used as the bridge from the voice-centric 2G 

networks to the data-centric 3G networks and incorporates higher speeds to support data 

transport at theoretical maximum speed of up to 171.2 k bit/s (EL-Dolil & EL-Safrawey, 2007). 

Figure 2.2 below depicts Vodacom EDGE coverage map in South Africa. 

 

Figure 2.2: Vodacom EDGE Technology Coverage Map. Source: Vodacom/coverage-map 
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Wille and Kok (2006) have also pointed out that the GSM-EDGE radio access network 

(GERAN) system was launched to provide the circuit switching voice traffic. However, through 

the introduction of enhanced GPRS (EGPRS), the systems are able to provide the services which 

are based on packet switching traffic to ordinary subscribers (Wille & Kok, 2006). The growth of 

cellular subscription has taken place together with large expansion of access to the Internet and 

its related multimedia services, which need high speed internet (broadband) and more bandwidth. 

In order to cope with these demands, Telecommunication Companies  need to perform a rapid 

technology evolution rolling out third-generation (3G) radio access technologies, capable of 

delivering such services in a cost effective way (Halonen et al., 2004). 

 

There are many wireless technologies that are emerging to possibly provide the broadband 

wireless access (BWA). However, one has to point out that some of these access technologies are 

currently not available in some parts of the country, particularly former homelands (DOC, 2013). 

Some of the key issues that make rural wireless networks deployment challenging are the 

unreliable power supply, high cost of internet connectivity, distances between nodes, and low 

technical skill levels of people in the area who need to maintain the networks (Johnson, 2007). 

 

Sibanda et al. (2008) state that there are factors that needs to be taken in to consideration when 

selecting the appropriate wireless solutions. Some of these include the technological capacity, 

range, noise immunity, noise emission, security, setup and running costs, power consumption, 

and quality of service (QoS), free versus licensed frequency spectrum, operation, regulations, 

compatibility with hazardous environment, fault tolerance, technological availability and 

commercial availability.  

 

In Figure 2.3, Mekuria (2011) describes the conceptual diagram designed to support the choice 

and optimisation of mobile broadband technologies and services based on quality of service 

(QoS), energy efficiency, cost, service usability, sustainability, optimisation, rural context and 

best-fit parameters. 
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Figure 2.3: Conceptual diagram to support choice of technology (adapted from Mekuria, 2011). 

In the next three Sections (Section 2.3.2.1-2.3.2.3), some of the popular wireless technologies 

suitable for rural deployment are briefly explored to provide context on the mobile and/or 

network connectivity available in resource-constrained environments. However, it must be 

pointed out that the discussion of network architectures is beyond the scope of this study.  

2.3.2.1 Brief Overview of GERAN  

 

GSM/EDGE Radio Access Network (GERAN) is an evaluation of second (2nd) generation (2G) 

mobile cellular system based on third Generation Partnership Project (3GPP) release 9 standard 

(Metsälä & Salmelin, 2012:33). In Figure 2.4, Wandre (2000) presented the evolution of mobile 

data services. 

 

Figure 2.4: Evaluation of Mobile Data Services (Adapted from Wandre, 2000). 

The introduction of the GERAN system was seen as a future mechanism to allow operators to 

adopt combined 2.5G and 3G networks to be able to provide common services regardless of the 

users location (Proctor, 2003). Furthermore, the goal of GERAN is to boost system capacity for 

https://en.wikipedia.org/wiki/3GPP
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real-time and best effort services and to compete with other 3G RAN such as Wideband Code 

Division Multiplexing (WCDMA) (Müller, Sorelius & Turina, 2001). GERAN provides 

improved support for all quality of service (QoS) classes (Streaming, background, interactive, 

conversational) defined for UMTS at the theoretical maximum bandwidth provided of 472 kbps 

(Proctor, 2003; Müller et al., 2012 ). In addition, Eriksson et al. (2000) also outlined the main 

objectives of standardisation of GERAN  as follows: 

 

 To enhance the performance for packet-switching and circuit-switching services. 

 To align with Universal Mobile Telecommunications System (UMTS)/3G services 

related to providing packet based services within EDGE system. 

 To interface with an all-Internet Protocol (IP) 3G core network common with UMTS. 

2.3.2.2 WCDMA (3G) Technology 

 

Another popular Broadband Wireless Access (BWA) technology is WCDMA (Wideband Code 

Division Multiple Access). It is the access technique used in a global third generation (3G) 

mobile communication system, and adopted the ITU standard derived from code division 

multiplexing access (CDMA) and is mostly used in Universal Mobile Telecommunications 

System (UMTS) technology (Kang & Sharma, 2011). UMTS is the umbrella term for the third 

generation radio technologies developed within the Third Generation Partnership Project 

(3GPP), which includes the whole of the W-CDMA and HSPA (High Speed Packet Access) 

specifications.  

It is based on the GSM standard and employs WCDMA radio access technology to provide 

greater spectral efficiency and bandwidth to cellular network operators (Cox, 2008). The 

technology allows users to access multiple services such as video, voice, and data at the high 

speed on the same frequency. It uses codes to separate users in the same frequency spectrum 

(Abdelouahed, 2012). WCDMA can also serve as the access network to provide fixed, nomadic, 

portable and mobile wireless broadband connectivity in the rural and urban areas. The WCDMA 

network architecture is illustrated in Figure 2.5. 
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Figure 2.5: WCDMA (3G) architecture (Adapted from He, 2001) 

According to  Holma and Toskala (2005) , a WCDMA network is capable of providing multiple 

services. Similar to the WiMAX system, it is possible to deploy a WCDMA system in different 

geographic areas: rural, urban and suburban, the deployment cost, system coverage, quality and 

the capacity depends on each area and services required.  Holma and Toskala (2005) state some 

of the services of WCDMA as follows: 

 Mobile telephony; 

 Fixed PSTN-equivalent telephony; 

 Video telephony; 

 Basic data services, such as SMS and MMS; 

 Advanced mobile data services, such as music downloads; 

 Mobile small-screen TV streaming; 

 Mobile broadband, targeting laptop users; and 

 Fixed wireless broadband (ADSL alternative). 

 

The challenge with WCDMA (3G) technology is that it cannot provide connectivity to large and 

hard-to-reach geographical areas, due to its inability to address transmissions over multiple 

frequencies range (Mlitwa & Ockards, 2008). Apart from this and due to use of high frequency, 

the technology requires approximately twice the number of base stations in the deep rural regions 

as compared to GSM technology, therefore power efficient base station architectures and 

alternative energy sources such as solar power are required (Mekuria, 2011). Louw and 
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Dörflinger (2010) highlighted the increase in 3G licenses and international bandwidth as one of 

the causes of low 3G technology penetration in the rural areas of developing countries. 

2.3.2.3 Wi-Fi (IEEE 802.11 Standard) 

  

The IEEE 802.11 standard was adopted in the early 2000s to provide the telecommunication 

services through WLAN (wireless local area network) hotspots within a range of 200 meters 

(Gondi & Agoulmine, 2007). The technology enables the devices using radio technology to 

communicate data anywhere within the range of an access point and also operating in the 

unlicensed spectrum (Ndlovu et al., 2009). 

 

Sibanda et al. (2008) highlighted that the 802.11 technology was initially designed for LAN; 

hence because of the challenges such as small coverage area, low range and low data rates, it 

becomes difficult for WAN (Wide Area Network) deployment. Due to its unlicensed spectrum, 

the Wi-Fi is seen as the low-cost technology to deploy networks in remote communities. It has 

been deployed successfully in conjunction with WiMAX access technologies in the Dwesa-

Cwebe rural community area located in the Eastern Cape (Ndlovu et al., 2009). 

2.3.2.4 WiMAX Technology 

 

WiMAX (Worldwide Interoperability for Microwave Access), also known as IEEE Wireless 

MAN air interface is the 806.16 standard for mobile, portable and fixed Broadband Wireless 

Access (BWA) in Metropolitan Area Networks (MAN) (Odhiambo et al., 2009). It is an 

emerging wireless technology for rural and urban deployment, serving large numbers of users at 

low cost. WiMAX is capable to serve as the backhaul in point to multi point architecture (See 

Figure 2.6). The technology can support a mix of usage and service models and also serve as the 

access network to provide fixed, nomadic and mobile wireless broadband connectivity without 

the need for direct line-of-sight with a base station (Etemad, 2008). It can also provide the 

broadband connectivity (BWA) to a radius of up to 50km for fixed stations and up to 15km for 

mobile stations, in cell radius deployment of 3-10 kilometres ( Sibanda et al., 2008; Odhiambo et 

al., 2009).  
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Figure 2.6: Mobile WiMAX enabling a variety of usage models in the same network (Etemad, 2008) 

 

According to Mekuria (2011), the WiMAX technology was designed to extend broadband 

wireless services to areas without fixed line DSL (Digital Subscriber Line) services. The main 

advantages of the WiMAX being enhanced coverage, low power consumption, running costs for 

providing mobile broadband services and the cost associated with licenses can be reduced. 

Mekuria (2011) has also pointed out that the technology has its own limitations such as high cost 

of initial deployment, limited end user devices (EUD) and WiMAX PC cards. Zhang (2009) and 

Al-Adwany (2010) stated the drawbacks of WiMAX as follows:  

 Hesitancy: WiMAX has not reached widespread use. This makes companies hesitant to 

set up base stations; 

 Research and development: without the help of major companies to invest into new 

products, research and development of WiMAX can be underutilised; 

 Reliability: When bandwidth is shared amongst the users, the transmission speed is 

reduced;  

 Climate conditions: weather conditions, such as  rain could interrupt the WiMAX signal; 

 Power consumption: WiMAX technology requires strong electrical support as it 

consumes a lot of power; 

 Line of site: For longer distance connections the line of site is very critical; and  

 Interference: Other wireless equipment could cause interference. 
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Table 2.1: Comparison of Technologies for Rural Deployment 

Wireless 

Technologies 

Benefits Drawbacks Rural 

Deployment 

GERAN  Can interface to an all-Internet 

Protocol (IP) 3G core network 

common with UMTS. 

 GERAN technology is readily 

available in most parts of the 

South African rural areas. 

 GERAN is popularly used, highly 

available, fast growing and easy 

to access. 

 Limited bandwidth to deliver 

data rich content. 

  

√ 

WCDMA (3G)  Capable of providing multiple 

services at high speed. 

 It uses codes to separate users in 

the same frequency spectrum to 

avoid interference. 

 Provides greater spectral 

efficiency and bandwidth.  

 It cannot provide connectivity 

to large and hard to reach 

geographical areas.  

 Due to use of high frequency, 

the technology requires 

approximately twice the 

number of base stations in the 

deep rural regions  

 High licence cost. 

√ 

Wi-Fi (IEEE 

802.11 standard) 

 

 Low cost technology for remote 

area deployment. 

 Difficult for WAN (Wide Area 

Network) deployment. 

 Low range coverage. 

√ 

WiMAX  Cost associated with operation 

and licences can be reduced. 

 Low power consumption, 

 It can also provide broadband 

connectivity (BWA) to a radius of 

up to 50km. 

 

 High cost of initial 

deployment.  

 Limited end-user devices 

(EUD). 

  WiMAX has not achieved 

widespread use. 

√ 
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Table 2.1 above summarises the benefits and drawbacks of various wireless technologies for 

rural deployment. Drawing from Table 2.1, it is evident that most existing technologies can be 

deployed in the rural environment. It is, however, worth noting that WCDMA (3G), Wi-Fi (IEEE 

802.11 standard) and WiMAX technologies have more disadvantages such as deployment cost, 

sustainability and energy efficiency for rural environments. GERAN technology is highly 

recommended for resource-constrained environments because of its popularity, high availability, 

and its fast growing and easy to access technology as opposed to other technologies (Louw & 

Dörflinger, 2010; DOC, 2013). However, the technology also has some drawbacks such as 

limited bandwidth to deliver data-rich content. This study focuses on re-using existing 

technologies such as GERAN to develop a broadband services delivery model to deliver digital 

educational content for public schools situated in the resource-constrained environment. 

2.4  Chapter Summary 

 

This chapter provided an overview of factors that impact on the use of ICTs for teaching and 

learning. The chapter also identified the technological requirements for teaching and learning, 

and further explored the challenges faced by high schools regarding lack of access to educational 

information on electronic platforms. The identified challenges are used as the foundational 

requirements for the proposed broadband service delivery model. Finally, the chapter discussed 

the state of the broadband penetration in the rural areas in South Africa and various wireless and 

fixed-line technologies for rural deployment were explored.   
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Chapter 3- Mobile Service Delivery Platforms (MSDPs) 

 

 

  

Figure 3.1: Chapter Layout 

3.1 Introduction 

 

The purpose of this chapter is to explore and discuss a number of existing Mobile Service 

Delivery Platforms (MSDPs) that could serve as the foundation of the envisaged model in this 

study. Drawing on the MSDPs literature, this chapter identifies benefits and limitations of 

existing MSDPs, specifically focusing on the basic requirements for an effective Service 

Delivery Platform (SDP). The chapter also compares and evaluates the existing platforms to 

establish if they are suitable for deployment in resource-constrained environments.  

 

This chapter addresses the subsidiary question: 
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What broadband Mobile Service Delivery Platforms (MSDPs) are available to address 

value adding services and digital content problems required by resource-constrained 

public high schools?   

  

The chapter is structured as follows: in Section 3.2, we define general SDP. The basic 

requirements of SDP are identified in Section 3.3. The MSDPs are explored in sub-section 3.4.1-

3.4.5 and lastly in Section 3.3, the benefits and limitations of MSDPs are summarised. 

Furthermore, we observe and measure the existing MSDPs to determine how it supports the 

solution to the research problem identified in this study. MSDPs are compared and measured 

against the basic minimum requirements identified in Section 3.3.  

3.2 Overview of General SDP  

 

Telecommunication (Telco) operators are facing major challenges as new and emerging Internet 

players are becoming a threat in both new and traditional telecommunication market (Spiess et 

al., 2014). Furthermore, Sanchez, Carro and Wesner (2008) argue that the new services flooding 

the market require long development times and redundant work to adapt the logic to the different 

access networks. Maes (2007) and Lu et al. (2008), consider the Service Delivery Platform 

(SDP) as a middleware platform that can address challenges affecting service providers. The 

challenges include declining voice revenues, investment of new networks and licences, new 

competitors entering the Telcos’ space and technology and market evolution forcing new 

investment and need for new services (Maes, 2007). 

The Moriana Group (2015) describes SDP as a common service architecture designed to deliver 

content services such as Web services, real-time content and multimedia (combination of voice, 

video and data) to the customers. Christian and Hanrahan (2007) further describe SDP as an 

Information Technology (IT) platform that uses telecommunication (telco) networks to aid 

service creation and development.  

 

According to Johnston et al. (2007), Service Delivery Platforms (SDPs)  “are operators’ 

solutions that provide a unified middle ground for the optimized exchange of services between 

users, operators, and service and content providers.” SDP is made out of components that 

enable Communication Service Providers (CSPs) to efficiently create, deploy, execute, 
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orchestrate and manage the services, and it integrates legacy systems easily and flexibly (Lu et 

al., 2008). SDP is further defined by Maes (2007) as a horizontal platform for the service layer 

that follows Service Oriented Architecture (SOA) principles; realises the OMA (Open Mobile 

Alliance) and Service Environment (OSE) to provide an extensible set of mobile voice and 

communication functions; abstracts underlying network resources and factors out business rules.  

 

Currently, there is no standard for SDP architectures (Moriana Group, 2015). However, Moriana 

Group (2015) argues that any proposed service platform must have certain characteristics to 

be classified as an SDP. Christian and Hanrahan (2007) also argue that despite the lack of 

standardised SDP architectures, various SDP architectures are influenced by vendor, IT and 

telco-specific technologies. In the case of this study, the envisaged model is influenced by usage 

of available resources (existing technologies and networks) and current ICTs in resource-

constrained environments. 

 

A generalised SDP architecture, adapted from Christian and Hanrahan (2007) is illustrated in 

Table 3.1 The architecture in Figure 3.2 will be the foundation of envisaged broadband service 

delivery model, because it contains generic platforms that aim to abstract and simplify telco 

resources and capabilities, at the same time offering their functions to external third party 

developers (Christian & Hanrahan, 2007).  

 

Figure 3.2: General SDP Architecture (Christian & Hanrahan, 2007) 
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The architecture contains five (5) main platforms as suggested by Christian and Hanrahan 

(2007). 

 

 Management Platform: contains management services that abstract Authentication, 

Authorisation, and Accounting (AAA) services, and Operations Support 

Systems/Business Support Systems (OSS/BSS) functionalities. 

 Service Execution Platform: deploys, executes and manages applications that provide 

telco services to the end-users. 

 Service Exposure Platform:  defines exposure services that provide secure interface to the 

SDP to external third party developers with simplified access to all other platforms. 

 Content Delivery platform: contains content delivery services that provision and deliver 

content owned by Telcos or content providers to customers. 

 Network Abstraction Platform: houses technology independent network services that 

provide access to transport network capabilities. 

3.3 Service Delivery Platforms Basic Requirements  

 

The SDPs should meet the basic requiremets that lead to efficient (re-) usage of available 

resources (technologies and networks). According to Botha et al. (2010) and Ogunleye et al. 

(2011) feasibility studies, the SDPs should at a minimum meet the following functional and non-

functional requirements: 

 Minimal Total Life Cycle Cost: built using low-cost open-source components; 

 Standard Compliance Solution: to ensure interoperability, the selected solution should be 

based on open standards such as SOA; 

 Ease of Use and Accessibility: Service Delivery Platforms should be easy to create, 

operate and maintain specific mobile services and reduce required minimum skills levels; 

 Synergies and Interoperability: SDPs should seamlessly interoperate with other projects 

and ICT solutions; 

 Bearer and Device Agnostic: SDPs should allow for the same service to be accessed from 

different devices using different networks;  
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 Reusable Modules: SDPs should have the capability to develop mobile services using 

new as well existing re-usable modules; 

 Flexibility and Extendibility: SDPs need to make it possible to add further 

communication mechanisms such as Session Initiation Protocol (SIP) and multimedia 

message services (MMS). In addition, they should have the capability of adding new re-

usable service building blocks; 

 Leverage Available Skills: development and support of the selected solution(s) using the 

selected SDP should not require scarce skills to support it; 

 Scalability and Availability: SDPs should be able to meet user load requirements, and 

ensure high availability. 

 

In Table 3.1, Botha et al. (2010) evaluated some of the platforms against the requirements stated 

above.  

Table 3.1: Solutions Measured Against Criteria Identified (Adapted from Botha et al., 2010) 

Criteria OPUCE SPICE Twisted Mobicents Telco 

specific 

Minimal Total Life cycle 

cost 
√ √ √ √ Unknown 

Standards Compliant 

Solution 
√ √ x √ Unknown 

Bearer & Device Agnostic √ √ √ √ √ 

Ease of use and accessibility √ √ x x √ 

Synergies and 

Interoperability 
√ √ √ √ x 

Re-usable modules √ √ √ √ √ 

Flexibility  & extendibility 

(1) 
√ √ √ √ x 

Scalability √ √ x √ √ 

 Availability √ √ x √ √ 

Ease of use √ √ x x √ 

Leverage available skills x x x √ x 

 

In addition to the minimum requirements of SDPs discussed by Botha et al. (2010) and Ogunleye 

et al. (2011),  Christian and Hanrahan (2008) further outlined the basic requirements of general 

SDPs as follows: 
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 Service Orientated: The SDP should manage service creation, provisioning, execution 

and billing.  

 Use of Current Network Infrastructure: Should support the delivery of services in a 

network and devices by abstracting the underlying network infrastructure. 

 Single Standard for Developers: The SDP should provide a single standardised point for 

developers to use service enabler and content. 

 IT platform: The SDP should provide external developers and Information Technology 

(IT) with open and secure access to Telecommunication (telco) capabilities.  

3.4  Existing Mobile Service Delivery Platforms 

 

In this section various Mobile Service Delivery Platforms (MSDP) architectures are explored, 

briefly discussed and evaluated against the minimum requirements of SDP. Furthermore, the 

MSDPs are later evaluated in Section 3.5 to establish if they are suitable for deployment in the 

resource-contrained environments in South Africa. They are evaluated based on benefits and 

limitations. For the purpose of this study, the existing MSDPs are observed and measured to 

determine how they support the solution to the research problem identified in Chapter One.   

 Mobi4D Platform 3.4.1

 

Makitla and Forgwill (2012) describe Mobi4D as a communication service delivery platform that 

simplifies the development of mobile value-added services by offering re-usable communication 

and shared resource components as part of an extendible IP-centric service delivery framework. 

 

The Mobi4D platform empowers non-telecommunication developers to focus on the logic of 

their services, rather than being concerned about the lower-level technical details of 

telecommunication protocols (Makitla & Forgwill, 2012). Mobi4D is based on the open source 

Mobicents and the Java application programming interface (API) for Integrated Networks 

Service Logic Execution Environment’s (JAINSLEE, or JSLEE) specification developed through 

the Java Community Process (JCP) (Botha et al., 2010).  

 

JAINSLEE defines APIs for application development and signalling protocols (e.g. Session 

Initiation Protocol (SIP) and Signalling System #7 (SS-7) to be connected as resourse adapters 
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allowing for further network communication mechanisms (Ogunleye et al., 2011). Botha et al. 

(2010) describe Mobi4D as a platform that has an architecture for creating, deploying and 

managing services and applications by integrating voice, video and data across a range of 

Internet Protocol (IP) and telecommunication networks. Figure 3.3 shows the simplified Mobi4D 

MSDP architecture.  

 

 

Figure 3.3: Simplified Mobi4D architecture (Adapted from Ogunleye et al., 2011) 

 

The Mobi4D platform does meet some of requirements highlighted by Botha et al. (2010) and 

Ogunleye et al. (2011) as discussed in Section 3.3. The benefits of Mobi4D pointed to by 

Makitla and Forgwill (2012) include: 

 

 Bearer and Device Agnostic: Mobi4D is technology-agnostic SDP, allowing users to 

access to whichever content their devices are able to support. The requests coming into 

the Mobi4D platform could come from any network and using any protocol. 

 Leverage Available Skills: Enable non-telecommunication developers to easily and 

rapidly build mobile applications and services, without focusing on low-level 

telecommunication protocols. 
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However, Mobi4D has some limitations (inherent in JAINSLEE) as highlighted by Femminella 

et al. (2009) and Nyathi et al. (2013) as follows:  

 

 Scalability and Performance: The complexities of the Mobicents JSLEE platform, (which 

is used by Mobi4D as a platform) and the resources, such as timers and external 

databases, have a major impact on the platform performance. 

 Java Memory Management: Java Garbage Collection (GC) behaviour is not under full 

control of the programmer, and it could pause the running application for unpredictable 

times, which can compromise the performance of the platform.  

 Synergies and Interoperability: Mobicents’ architecture does not allow third-party 

applications to communicate directly with components deployed in the container (Nyathi 

et al., 2013). 

 SPRING Mobile Service Platform 3.4.2

 

Service Platform for Reconfigurable and Intelligent services in Next Generation mobile 

communication (SPRING) platform was designed with a focus on the implementation of a user-

centric and service-oriented paradigm of the next generation mobile services (Bae et al., 2006). 

The SPRING platform is the open source platform to build and run Java applications, which 

increases productivity, component management and runtime performance (Labor, et al., 2010).  

According to Bae et al. (2006), the platform has been designed to focus on the following key 

functions: 

 Context information management; 

 Service and profile management; 

 Service mobility support; 

 Personalisation; 

 Security and privacy; 

 Service adaptation; and 

 Identity management. 

Figure 3.4 shows the architechure of SPRING, 



57 

 

 

Figure 3.4: SPRING architecture (Adapted from Bae et al., 2006) 

 

Some of the SPRING architecture’s strong points highlighted by Labor et al. (2010) include: 

integration with messaging systems via Java Message Service (JMS), Aspect-oriented 

programming, Inversion of Control and integration with object-relational mapping tools. 

Although the platform supports context awareness and personalised services, only service 

providers can facilitate the provision of a wide variety of services instead of the users (Labor et 

al., 2010). Therefore, this platform places strict requirements on the part of the end users to be 

able to build and manage their customised services.   
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 SPICE Mobile Service Delivery Platform 3.4.3

 

A Service Platform for Innovative Communication Environment (SPICE) SDP was also 

introduced to meet the requirements higlighted in Section 3.2. The SPICE service platform 

extends the IP Multimedia Subsystem (IMS) by supporting Value Added Services (VAS) that are 

composed of more basic services (Tarkoma et al., 2007). SPICE platform adopted standards such 

as IMS,OSA, and Web services to introduce new mechanisms within the service life cycle 

process (Bhushan et al., 2007). The objective of SPICE is to hide the complexities of the 

converged communications environment, and to allow commercial services to be developed and 

deployed efficiently and economically (Tarkoma et al., 2007).  

 

 

Figure 3.5: SPICE architecture (Adapted from  Tarkoma et al., 2007) 

 

Bhushan et al. (2007) describe four components of the SPICE platform depicted in Figure 3.5 as 

follows: 

 

 Basic Components: they are generic building blocks that take advantage of SPICE 

features; 

 Resource Adapter: is a component that acts as proxy to intergrate other components in 

legacy systems; 
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 Intelligent Components: they support interfaces from the knowledge framework;    

 Value Added Services (VAS) Components: can be created at runtime by using real-time 

information provided by various sources and processed by the knowledge layer 

components. 
 

 

The architecture consists of four (4) main layers. Tarkoma et al. (2007) and Demeter (2008) 

summarises them as follows: 

 

 Capabilities and Enablers’ Layer: consists of external services to provide support 

functions that realise capabilities such as database storage, protocol stacks, basic 

signalling and session control; 

 Component Services Layer: provides facilities for component-based development, 

deployment and lifecycle management; 

 Knowledge Layer: This layer supports the discovery, delivery, and transformation of 

information, such as context and presence variables in the SPICE platform, and finally; 

 Value Added Services (VAS) Layer: it hosts the value added component and it facilitates 

the creation of composed components from the basic SPICE components. 

 

According to Cordier et al. (2006), the SPICE platform researches prototypes, evaluates 

architecture and framework for creation and deployment of mobile personalised services and 

content. Cordier et al. (2006) briefly highlighted the some of the following benefits for the 

SPICE platform: 

 Facilitates simple ways to create and roll out the innovation services; 

 Enriches current service platform functionality; 

 Opens new business model and value chains; 

 Provides a simplified and unified model to deliver services over heterogeneous execution 

networks; 

 Promotes the innovation of software technologies in the form of telecommunications 

platforms. 
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Similar to the SPRING platform, the SPICE platform also works on several technologies, such as 

middleware to enable components such as: service brokering, context awareness and mediation 

mechanism  (Tarkoma et al.,2007). However, from the user-centred perspective, the information 

offered by SPICE is lacking. The technological features are too complicated for non technical 

end-users as the requirement definition process of the platform is too technically-driven 

(Bergaus, 2015:55-56). In addition, the execution environment of SPICE is also based on JAIN 

SLEE architecture and, from sub-section 3.2.1 the complexities of the Mobicents JSLEE 

platform and the resources, such as timers and external databases, have a major impact regarding 

the platform’s performance. 

 OPUCE Service Delivery Platform 3.4.4

 

Baladrón et al. (2009) describe the Open Platform for User-centric service Creation and 

Execution (OPUCE) as an integrated project funded under the sixth Framework Programme 

(FP6) of the European Commission inside the Information Society Technologies (IST) priority. 

The objectives of the project were to produce a platform that could enable users to easily create, 

deploy and execute dynamic user-centric services in different environments (Botha et al., 2010). 

The OPUCE platform allows the end users to merge the traditional basic services with 

communication capabilities through the user-centric platform, which is supported by Web 2.0 

technologies and a user-generated service paradigm (Sanchez et al., 2008; Botha et al., 2010). 

 

Unlike SOA, Parlay-X
7
 and JAIN SLEE paradigms that were telco operators or Internet Service 

Providers (ISPs) that create telco services in a closed controlled environment, the OPUCE allows 

non-technically skilled end-users to create and share their own Internet/Telco service Mashups 

(Sanchez et al., 2008). Furthermore, Sanchez et al., (2008) argue that in OPUCE’s context, the 

basic services such as messaging, calender, address book, call manegement and real-time 

communications can be accessed anywhere from any device (PC, mobile handset, television, 

etc.). According to Baladrón et al. (2009), the platform is also designed to be accessible by third- 

party service providers for innovation of open service marketplace business models. 

 

                                                 
7 Parlay-X is a API designed to enable creation of telephony applications as well as to "telecom-enable" IT 

applications 
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In Figure 3.6, the general OPUCE architecture and the core sub-systems are briefly illustrated. 

 

 

Figure 3.6: OPUCE platform architecture (Adapted from Yu et al., 2009) 

 

Yu et al. (2009) describe the main sub-systems of the OPUCE general architecture as follows: 

 Portal: It integrates the graphical user interfaces of different modules through which 

users can create and manage services. 

 Mobile/Basic service editor: It enables end-users to create and edit OPUCE services on 

devices such as Personal Digital Assistants (PDA).  

 Service Lifecycle Management (SLM): Manages the lifecycle of all OPUCE services, 

including provision, monitoring and deployment. 

 Service Execution Environment (SEE): This system hosts and runs the executable code of 

both OPUCE base-services and OPUCE services.    

OPUCE platform offers significant advantages as compared to service delivery models discussed 

in this chapter. The OPUCE platform allows end-users to dynamically create personalised 

services regardless of their environment and location (Wang et al., 2008). Some of the 

advantages highlighted by Sienel et al. (2009) include: 

 OPUCE can be used by end-users with no programming skills to build the specific 

communications application tailored to their needs; 
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 The platform allows the third party service providers to enter the communications market 

without requiring big investments for the deployment of new telecommunication 

infrastructure;  

 The service creation tasks can be outsourced, allowing service providers or platform 

owners to increase customer’s satisfaction; and 

 It also offers convergent communication services instead of only Information Technology 

(IT) based capabilities. 

 

Drawing from the Botha et al. (2010) and Ogunleye et al. (2011) SDPs comparisons shown in 

Table 3.1 the platform does not meet the leverage skills and technical support requirements. 

 IMS Service Delivery Platform 3.4.5
 

Internet Protocol Multimedia System (IMS) is defined by 3rd Generation Partnership Project’s 

(3GPP) as the Next Generation Network (NGN) SDP capable of handling real-time multimedia 

services such as video, audio, voice and others with the quality of service (QoS) to the customers 

(Macdonald & Cartas, 2011). Additionally, IMS is defined by Cho and Lee (2010) as the 

convergence communication environment made up of both fixed and mobile All-IP access 

networks that can provide digital content with communications, broadcasting and Internet. The 

IMS-based SDP provides a foundation for the creation, provision, deployment, control, billing 

and management  of services to the customers (Sher & Magedanz, 2007).  

According to Macdonald and Cartas (2011), the IMS platform has grown from release 5 to 7 to 

adopt the following objectives: 

 Achieve the paradigm of the mobile internet. 

 Combine the latest technological trends. 

 Create a mechanism of which the income will be increased due to its use in mobile 

networks. 

 Provide a common platform, in order to allow the creation of multimedia services. 

 

The horizontal SDP architecture for IMS shown in Figure 3.7 depicts three layers, that is layer  

1: common service management and provisioning, layer 2: application layer, and layer 3: service 

enablement layer. This type of architecture was proposed by many Communication Service 
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Providers (CSPs) to offer innovative services (e.g., enabling the rapid creation and deployment 

of new services), allow flexibility (e.g., in response to user demand for control over service 

offering) and to increase the competition (O'Connell, 2007). The three layers are described 

briefly by O'Connell, (2007) and Filho et al. (2008) as follows: 

 
 

Figure 3.7: Horizontal Service Delivery Platform Architecture (Adapted from O’Connell, 2007) 

 

 Service Enablement Layer: hosts a set of application-independent building blocks that 

offer generic functionality to support a range of multimedia services. 

 Application or Service Layer: this layer contains application servers (AS) such as SIP 

(Session Initiation Protocol), third party OSA AS and legacy Service Control Point (SCP) 

AS to deliver and manage multimedia services.  

 Common Service Management and Provisioning Layer: the layer adopts common 

functions for service delivery and common frameworks for service management and 

provisioning in order to reduce the incremental cost of introducing the new services in to 

the network. 
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According to Magedanz and Gouveia (2006), the principal benefits of adopting IMS-based SDP 

includes: 

 Easy and efficient ways to integrate various services; 

 Enable third parties to seamlessly integrate the legacy services; and 

 Designed to interact consistently with circuit-switching domains.  

 

Although IMS based SDPs bring along the benefits mentioned above, it is worth highlighting 

that there are some drawbacks in adopting this platform. According to Sienel et al. (2009), the 

architecture of IMS is complex and costly and still does not offer the flexibility that end users 

expect. Because the IMS is IP-based it does inherit most of security threats that protocols such as 

SIP and RTP (Real-Time Application) are currently facing (Rebahi et al., 2008). Furthermore, 

the implementation of IMS in developing countries such as South Africa  remains a challenge, 

IMS service requires significant bandwidth, which is a huge challenge in the rural and 

developing countries (Pitman & Ventura, 2008). 

3.5  Comparison of Existing MSDPs 

 

In this Section, the platforms discussed in subsections 3.2.1-3.2.5 are compared and assessed 

against the minimum requirements of SDPs listed by Botha et al. (2010) and Ogunleye et al. 

(2011). The benefits and drawbacks for each platform are also summarised in this section. 

Furthermore, the platforms are assessed to establish if they are suitable for deployment in the 

areas with poor network infrastructure and severely constrained bandwidth. In Table 3.2 existing 

MSDPs are summarised and compared against the requirements for service delivery platforms 

relevant in the rural deployment domain. 

 

The existing MSDPs are compared and  summarised in Table 3.2 below are considered important 

when proposing a Service Delivery Platform (Botha et al., 2010; Ogunleye et al., 2011). Table 

3.2 below highlights some of the gaps, particularly in the ease of use and accessibility and 

leverage available skills criteria. The majority of the platforms evaluated are very complex and 

not easy to use for non-skilled end-users, they required highly skilled programmers.  
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Table 3.2:  MSDPs comparison against minimum requirements 

Minimum 

Requirements 

Mobi4D 

Platform 

SPRING 

Platform 

SPICE 

Platform 

OPUCE 

Platform 

IMS based  

Platform 

Minimal total life 

cycle cost 

√ √ √ √ × 

Ease of Use and 

Accessibility 

× × × √ × 

Synergies and 

Interoperability 

× √ √ √ √ 

Bearer and Device 

Agnostic 

√ √ √ √ √ 

Re-usable Modules √ Unknown √ √ √ 

Flexibility And 

Extendibility 

√ √ √ √ × 

Leverage Available 

Skills 

√ × × × × 

Scalability  × √ √ √ √ 

Availability (from 

Rural context) 

√ × × √ × 

Performance × √ × √ √ 

   

Furthermore, platforms such as SPICE and SPRING are based on all NGN access networks to 

deliver digital content and multimedia services. However, through the literature review 

conducted in Chapter Two (Section 2.3) it was highlighted that the broadband penetration in sub-

Saharan Africa, particularly in the rural areas is very slow and in many areas it does not exist 

(ITU, 2014; ITU & UNESCO, 2015).  Therefore, the implementation of the next generation 

SDPs in the rural areas of developing countries such as South Africa is still a challenge. 

3.6 Chapter Summary  

 

This chapter presented an overview of the literature on existing Mobile Service Delivery 

Platforms (MSDPs). The chapter identified the basic minimum requirements that MSDPs should 
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address. Based on the set of requirements mentioned, the MSDP architectures were briefly 

discussed and evaluated, focusing on their benefits and drawbacks. Literature searches conducted 

in this chapter have indicated that many broadband service delivery platforms have some 

limitations (see Table 3.2) such as complexity, not suitable for rural deployment, not accessible 

and ease to use and requiring significant bandwidth. The gaps of existing MSDPs identified in 

this chapter are taken into consideration when designing the envisaged broadband service 

delivery model.  
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Chapter 4- Research Design and Methodology 

 

 

 

Figure 4.1: Chapter 4 Layout 

4.1  Introduction 

 

This chapter details the research methodology and design used in carrying out this study. The 

methodology is discussed with specific reference to research design and research paradigm (see 

Section 4.2-4.4). The method of data analysis, sampling technique and the sources used for data 

collection are also described in Sections 4.5-4.7. Finally, Section 4.9 discusses the aim of 
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conducting the case study in the Greater Tubatse Municipality (GTM), and explains how it was 

carried out. 

4.2 Research Design  

 

Research is a systematic process of collecting, analysing and interpreting information (data) in 

order to increase our understanding of the phenomenon about which we are interested or 

concerned (Leedy & Ormond, 2010). Depending on the main research question, different designs 

and methodologies would be more or less appropriate to address the identified research problem.  

 

According to Bhattacherjee (2012:35), research design is a comprehensive plan for data 

collection in research, and it is aimed at answering specific research questions, and  the processes 

include: the data collection process, the instrument development process and sampling process.  

 

This study began with a literature review to identify how broadband services could potentially 

increase access to more educational information to the high schools in the resource-constrained 

environments. The literature review approach was initially adopted to investigate what other 

researchers have found about the lack of Information Communication Technology (ICT) 

infrastructures in the rural areas. According to Neuman (2011:124), doing the literature review 

builds on what others have already learned about an issue before you address it on your own. 

 

In the case of this study, the literature was reviewed to explore the benefits of using the 

Information Communication Technologies (ICTs) and broadband services in the rural public 

high schools and investigate the infrastructure availability in the form of wireless and fixed-line 

networks in these areas. The literature has shown that the broadband connectivity can benefit the 

public high schools in the rural areas; however, there is a slow broadband penetration in public 

high schools in the rural areas of South Africa due to barriers, such as deployment cost and 

geographical landscape. The literature study has also shown that there is some communication in 

the form of Global System for Mobile Communications/ General Packet radio service/ Enhanced 

Data rates for GSM Evolution (GSM/GPRS/EDGE) technologies in the rural areas.  
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The main objective of this research study was therefore to investigate and design an appropriate 

broadband services delivery model using existing wireless access technologies, such as global 

system for mobile communication (GSM) and Enhanced data rates for GSM Evolution (EDGE) 

to deliver digital educational information to resource-constrained high schools.  

 

A design science research (DSR) methodology (Adikari et al., 2009) is adopted for the study 

because it involves creating and evaluating an innovative artefact (e.g. model) that addresses 

important and relevant organisational problems (Adikari et al., 2009). The design science 

research paradigm is discussed further in Section 4.3. 

4.3  Research Paradigm 

 

In social science, paradigms are mental models or frames (belief systems) of reference that are 

used to organise our reasoning and observation during the design and conduct of a research study 

(Bhattacherjee, 2012:17). In Information Systems (IS) research, there are two paradigms: 

behavioural science and design science. They address fundamental problems faced in the 

productive application of information technology (IT) (Hevner et al., 2004). The behavioural 

science paradigm is the origin of  natural science and seeks to develop and justify theories (i.e., 

principles and laws) that explain or predict organizational and human phenomena surrounding 

the analysis, design, implementation, management, and use of information systems (Hevner et 

al., 2004). 

 

Hevner et al. (2004) and Adikari et al. (2009) highlight the design science paradigm as the 

problem-solving paradigm. The design science paradigm seeks to extend organisational 

capabilities by creating innovations that define the ideas, practices, technical capabilities and 

products through the analysis, design, implementation, management, and use of information 

systems (Adikari et al., 2009).  

 

Adikari et al. (2009) further presented a framework that combined both paradigms for 

understanding, executing, and evaluating IS research (see Figure 4.2).  
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Figure 4.2: Information Systems Research Framework (Adikari et al., 2009) 

 

Within the IS framework, there are three inherent DSR cycles to enhance the understanding of 

high quality DSR (Adikari et al., 2009). According to Hevner (2007), the three cycles are: 

Relevant cycle, Design cycle and Rigor cycle. Figure 4.2 illustrates the cycles and these are 

discussed below.  

 

 

Figure 4.3: Design science research cycles. 
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 Relevant Cycle 4.3.1

 

The relevance cycle introduces the design solution artefacts to improve the environment, and 

initiates design science research with an application context that not only provides the 

requirements for problems to be addressed, but also defines acceptance criteria for the ultimate 

evaluation of the research results (Hevner, 2007).  

 

In this study, we investigated and developed a model for delivering learning information (i.e. 

broadband services) using the existing GSM/EDGE (2.5 generation) wireless technologies in the 

resource-constrained public high schools. In order to deal with the lack of suitable ICT models to 

address the challenges of access to more learning information and educational expert skills 

available in electronic platforms, the envisaged model should be evaluated and satisfy the 

minimum requirements, such as accessibility to digital educational learning materials in the rural 

high schools.   

 

An exploratory case study was conducted in order to understand the challenges of lack of access 

to learning information in electronic platforms faced by resource-constrained high schools in 

Greater Tubatse Municipality (GTM), Limpopo Province, South Africa. The sets of 

requirements, which the desirable model will meet, were developed from the GTM case study 

and the literature. The case study is discussed in detail in Section 4.6. 

 Rigor Cycle 4.3.2

 

The Rigor cycle connects the design science activities with the knowledge base of scientific 

theories and engineering methods that provides the foundations for rigorous design science 

research (Hevner & Chatterjee, 2010:17). The knowledge base is composed of foundations and 

methodologies; it contains experiences and expertise that define state of the art in the application 

domain and existing artefacts. It provides past knowledge to the research project to ensure its 

innovation, but not routine designs based upon the application of well-known processes (Hevner, 

2007).  

 

http://link.springer.com/search?facet-author=%22Alan+Hevner%22
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For the knowledge base, Chapter Three of this study focused on an extensive literature review 

focusing on available broadband service delivery models, frameworks and existing Mobile 

Service Delivery Platforms (MSDP) and architectures.  

 Design Cycle 4.3.3

 

Hevner (2007) describes the internal design cycle as the heart of any design science research 

project. It generates design alternatives and evaluates the alternatives against requirements until a 

satisfactory design is achieved. The activities include the construction of an artefact, its 

evaluation, and feedback to refine the design further. The purpose of the design is to change 

existing situations into the preferred one  (Hevner & Chatterjee, 2010:17). 

In this study, the design cycle focused on investigating, developing and evaluating the suitable 

broadband service delivery model to address the challenges of access to more educational 

learning information available in electronic platforms using the existing GSM/EDGE (2.5 

generation) wireless technologies in the resource-constrained public high schools. 

In order to gather the requirements, the study identified the value adding services considered by 

rural high schools in GTM.These requirements also serve as evaluation criteria for a broadband 

service delivery model. Table 4.1 indicates the mapping of research questions, activities and 

cycles for this study. 

 

 

 

 

 

 

 

http://link.springer.com/search?facet-author=%22Alan+Hevner%22
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Table 4.1: Mapping of research questions, activities and cycles 

Research questions  Activity Cycle 

What challenges are faced by 

resource-constrained public high 

schools regarding the lack of 

access to digital learning 

information? 

 

 

 

 

What are the value adding 

services and content considered 

by South African high schools as 

relevant and useful? 

Collect data from published 

and unpublished materials such 

as White Papers, government 

policy documents, financial 

reports and statistics SA, 

interviews and field 

observations to understand the 

research problem.  

 

Conduct the literature review 

and GTM case study 

interviews to identify the value 

adding services used by high 

schools in South Africa. 

 

Relevant cycle: to connect the 

environment with design science 

activities, it focuses requirements 

and on capturing the problem to 

be addressed to provide design 

solution artefacts to the 

environment in which the study 

is located for study and 

evaluation. 

 

What broadband Mobile Service 

Delivery Platforms (MSDPs) are 

available to address value 

adding services and digital 

content problems required by 

resource-constrained public high 

schools? 

 

 

 

Conduct an extensive literature 

review to analyse available 

broadband service delivery 

models that may be suitable to 

deliver educational information 

in the resource-constrained 

environment.  

Rigor cycle: it connects the 

design science activities with the 

knowledge base, the knowledge 

base contains experiences, 

expertise that defines state of the 

art in the application domain, and 

existing artefacts. 
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Research questions  Activity Cycle 

How to design an appropriate 

broadband service delivery 

conceptual model for seamlessly 

delivering broadband services 

(e.g. digital learning 

information) to resource-

constrained public high schools? 

 

How relevant and useful is the 

proposed broadband service 

delivery model as compared to 

other existing broadband service 

delivery models? 

 

 

Adopt a framework to design 

the conceptual model and 

technical architecture for 

implementation. 

 

 

 

 

Conduct technical evaluations 

of the proposed model using 

controlled experiments in a lab 

environment 

Design cycle: is the heart of any 

DSR project. The activities 

include construction of an 

artefact and feedback to refine 

the design further. 

 

 

4.4  The Seven Guidelines for Design Science Research Process  

 

The fundamental principle of design science research is that knowledge and understanding of a 

design problem and its solution are acquired in the building and application of an artefact 

(Hevner et al., 2004). The purpose of these guidelines is to assist researchers to understand the 

requirements for effective design science research. 

 

 Guideline 1: Problem Relevance 4.4.1

 

This process involves the definition of a specific research problem and justifying the value of the 

solution. In this study, a research problem was identified within the rural public high schools 

domain, and is highlighted in Chapter One. The literature review was conducted to investigate 

the telecommunication infrastructure availability in the form of wireless and fixed line 
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technologies in the rural areas. Furthermore, the literature was explored to identify the benefits of 

using broadband services in education. 

 Guideline 2: Research Rigor 4.4.2

 

Rigor addresses the methodologies in both the construction and evaluation of designed artefacts. 

In this study, an extensive literature review was conducted in order to investigate existing Mobile 

Service Delivery Platforms (MSDP) that could serve as the foundation of an envisaged service 

delivery model for resource-constrained environments. 

 Guideline 3:  Design as an Artefact 4.4.3

 

Design science research produces artefacts to address the important organisational problem. 

Some examples of artefacts include system development methodologies, design tools, and 

prototype systems. In Chapter Six (see Section 6.3), the design and development of a broadband 

service delivery model that could be suitable to facilitate access to various broadband 

information services in the resource-constrained public high schools, using existing GSM/EDGE 

wireless access technologies is detailed. 

 Guideline 4: Design Evaluation 4.4.4

 

In this process, the artefact is observed and measured to determine how it supports the solution to 

the problem. The proposed broadband service delivery model over existing wireless technologies 

is evaluated to determine if it may address the limitations of access to more educational learning 

information available in electronic platforms for the resource-constrained high schools. 

Furthermore, since resource-constrained environments are quite complex, it was therefore 

essential to conduct technical evaluations of the proposed model using controlled experiments in 

a lab environment. The evaluation approach is discussed in Chapter Seven. 

 Guideline 5: Design as a Search Process 4.4.5

 

This refers to a process of utilising a set of the actions and resources available to construct a 

solution while satisfying laws existing in the environment. To meet the requirements,  extensive 

literature was reviewed to search for existing Mobile Service Delivery Platforms (MSDPs) that 
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could be relevant in facilitating access to digital learning materials (educational content) and 

other broadband services to resource-constrained areas in the GTM. The model needs to consider 

the minimum requirements and re-use current GSM/EDGE technologies available in the 

resource-constrained environments. 

 Guideline 6: Research Contribution 4.4.6

 

This guideline entails the outlining of expected outcomes, aims and objectives of the proposed 

solution to the problem, and this may be quantitative or qualitative. The main objective of the 

envisaged broadband services delivery model is to address the limitations of access to digital 

educational learning information and/or services in the resource-constrained environments. The 

direct and indirect contributions of the research study are explained in Chapter Eight (Section 

8.5). 

 Guideline 7: Communication of Research Outcomes  4.4.7

 

The outcomes of the research, its value, limitations and lessons learned must be communicated to 

the various interested audiences. In the case of this study, the communication of the research 

outcomes is presented in the form of a written dissertation with conclusions and 

recommendations, and publication of reviewed papers in conference proceedings (see Appendix 

B-Published Conference Paper). 

4.5 Research Settings 

 

The study is focused on resource-constrained high schools situated in the Greater Tubatse 

Municipality (GTM) of the Sekhukhune District in the Limpopo province
8
. The area of 

jurisdiction is approximately 4 550 square kilometres in size and is known as the Middelveld  

(GTM Annual Report, 2013). A large portion of the municipality is rural with approximately 166 

villages and six townships. Due to its rural and mountainous nature, it makes the provision and 

maintenance of services very costly, and is confronted with high service delivery backlogs (GTM 

Annual Report, 2013). The area is regarded as a resource-constrained environment.  

 

                                                 
8
 For more information see:  http://www.tubatse.gov.za/index.php?page=about 
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In terms of education, the municipality has 161 primary and 88 secondary schools with 114 723 

learners and 3689 educators, and two of the schools are private schools. The schools have 

inadequate education facilities (GTM Annual Report, 2013). Some of the challenges are shortage 

of classrooms, lack of basic services such as electricity, water and sanitation.  

4.6 The GTM Case Research 

 

According to Bhattacherjee (2012:40) the case research is an in-depth investigation of a problem 

in one or more real-life settings (case sites) over an extended period of time. The data of those 

case studies may be collected using a combination of internal or external documents, structured 

or unstructured interviews, personal direct observation, participant observation and group 

discussions (Olivier, 2009:98). Case study research needs not to depend on a single source of 

evidence, but a variety of sources (Yin, 2009:101). This research method is able to discover a 

wide variety of social, cultural, and political factors potentially related to the phenomenon of 

interest that may not be known in advance (Bhattacherjee, 2012:40). 

 

Baxter and Jack (2008) describe different types of case studies: explanatory, exploratory, 

descriptive, multiple case studies, intrinsic, instrumental and collectives. In this study, an 

exploratory case study was conducted to explore and find out information from the targeted 

participants, using semi-structured interviews and direct observations. The exploratory case 

study method was chosen because it can provide insight into a given phenomenon 

(Bhattacherjee, 2012:6). The case study findings are discussed in detail in Chapter Five. The 

sampling technique is discussed in the following section.   

4.7  Sampling Technique 

 

According to Neuman (2010:240), sampling is the technique of selecting some cases to examine 

in detail, so that we can learn and understand much about them. Sampling schemes can be 

classified as representing either random sampling (probability sampling) schemes or non-random 

sampling (non-probability sampling) schemes (Onwuegbuzie & Leech, 2007). 

 

Types of non-probability sampling include snowballing, purposive, quota and convenience 

sampling methods. The purposive sampling method is less accurate and does not use random 
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selection of the population (Neuman, 2010:242). Since this study deals with qualitative data, 

which gives room for researchers’ own discretion, non-probability sampling is viewed as 

relevant for this research. As such, for the purpose of this study, purposive sampling was 

adopted. Purposive sampling is based on the assumption that the researcher needs to purposefully 

select individuals, groups, and settings because they are likely to be relevant, knowledgeable and 

informative about a phenomenon the researcher is studying (Onwuegbuzie & Leech, 2007).  

4.8  Data Collection Methods  

 

Due to the nature of this study, a qualitative approach for data collection was chosen. 

Bhattacherjee (2012:103) highlights that qualitative research relies mostly on non-numeric data, 

such as interviews, observations, and content analysis techniques for data collection as opposed 

to quantitative approaches that are more concerned with numerical data, such as scores and 

metrics.  

 

Labuschagne (2003) further defines qualitative research methods as producing a wealth of 

detailed data about a much smaller number of people and cases. The qualitative data consists of a 

description of situations, events, interactions and observed behaviours from people about their 

experiences and provides depth and details through direct quotation, correspondence, records and 

case histories (Labuschagne, 2003). 

 

The qualitative data collection process for this study relied on four research methods: semi-

structured interviews, document analysis, direct observation and a literature review. The primary 

data collection process was achieved by conducting an exploratory case study focusing in the 

under-serviced high schools situated in the GTM (see results in Section 5.4-5.5). Furthermore, 

Chapter Two and Chapter Three (in-depth literature review) outlined a brief review on the 

potential benefits of using ICTs for education; highlighted content and services considered by 

schools for teaching and learning. In Chapter Three existing established Mobile Service Delivery 

Platforms (MSDPs) which could serve as the foundation of proposed model was explored. The 

secondary data was collected from internal and external documents, such as the GTM integrated 

development plan (IDP), annual reports, census reports and Department of Education White 

Papers. 
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 Document Analysis  4.8.1

 

The study is based on both secondary data analysis and primary data collected from other 

sources such as white papers; policy documents; academic conference papers, journals; financial 

reports and books in the form of a literature review (see Chapter Two). The literature review was 

conducted to explore the related work in order to derive the research problem and to answer 

some the following research sub-questions:  

 

 What are the value adding services and content considered by South African public high 

schools as relevant and useful? 

 What challenges are faced by resource-constrained public high schools regarding the 

lack access to digital learning information? 

 Direct observation 4.8.2

 

According to Yin (2004), the case study method enables the researcher to make direct 

observations and collect data in natural settings. The main advantage of direct observation is that 

an event, institution, facility, or process can be studied in real time, thereby providing richer 

understating of the case being investigated (Yin, 2009:109). 

 

Taylor-Powell and Steele (1996) suggested that when recording direct observations, one or more 

of the following means should be taken in to consideration: 

 

 Observation guides; 

 Recording sheets or checklist; 

 Field notes; 

 Pictures; and 

 Combinations of observation guides, field notes, pictures and checklist.  

 

The aim of the field observation in this study was to understand challenges faced by resource-

constrained high schools in the Greater Tubatse Municipality regarding the lack access to 

learning information. Furthermore, the state of ICTs infrastructure was also examined. The field 
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observations enabled the researcher to capture the requirements and clearly understand the 

problem to be addressed by the new broadband service delivery model.  

 

Ten of the high schools in the GTM were identified for the case study. The identified high 

schools were selected because they are located in the deep rural areas of GTM. Furthermore, 

these high schools are experiencing various challenges in terms of basic services and resources 

(GTM Annual Report, 2013). Out of ten high schools visited, only seven participated in the 

study. Another two high schools opted not to participate citing that the educators were not 

available. One of the high schools requested a permission letter from their local circuit offices 

instead of the one (Sekhukhune district municipality) presented. Due to time constraints and 

distance, it was impossible to seek an additional permission letter from the local circuit at short 

notice.   

 

Direct observation data was collected from the high schools when the interviews were carried 

out. Furthermore, the pictures of vandalised telecommunication infrastructure in the surrounding 

villages were captured. The researcher’s approach to observations was to take field notes paying 

attention to: 

 Access to infrastructure (electricity, school buildings, telecommunication and libraries) 

and ICTs (computers, scanners, printers etc.) in the high schools; 

 Telecommunication Infrastructure availability in the villages located in the GTM; and 

 Quality of cellular networks within the visited high schools. 

 Semi-structured Interviews  4.8.3

 

Semi-structured interviews are the second research method of primary data collection for this 

study. Semi-structured interviews are a personalised form of data collection; they give the 

interviewer the opportunity to clarify any issues raised by the respondent or ask probing or 

follow-up questions (Bhattacherjee, 2012:78). In a case study, interviews are considered as a 

major source of data for understanding the phenomena under study (Yin, 2009:107). Hove & 

Anda (2005) differentiate three types of interviews according to their degree of structure 

(structured, unstructured and semi-structured).  
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Semi-structured interviews were adopted in this study. Semi-structured interviews are a 

combination of structured and unstructured interviews. According to Hove and Anda (2005), 

semi-structured interviews combine specific questions (to bring forth the foreseen information), 

and open-ended questions (to elicit unexpected types of information).  

 

For the purpose of this study, semi-structured interviews were selected to address the following 

research questions: 

 

 What are the value adding services and content considered by high schools as relevant 

and useful? 

 What challenges are faced by resource-constrained public high schools regarding the 

lack of access to digital learning information? 

 

The researcher interviewed nine participants (seven teachers and two principals) in seven high 

schools. The semi-structured interview method allowed the high schools educators to reiterate 

their views about access to or lack of learning information, and secondly to identify value adding 

services and content regarded as relevant and useful in teaching/learning. 

4.9  Data Analysis Technique  

 

According to Yin (2004), before selecting the suitable data analysis technique for case study 

research, one needs to make some key assumptions. Olivier (2009:102) suggests that one 

possible data analysis technique may be suitable depending on the motives of the particular case 

study. Our case study was driven by a discovery motive. The motive is to discover the challenges 

faced by rural schools regarding lack of access to learning information and to discover the value 

adding services considered by rural schools as relevant for teaching and learning.  

 

The method of analysis chosen for this study was a thematic data analysis technique to analyse 

the qualitative collected data. The thematic analysis technique is defined by Fereday and Muir-

Cochrane (2006), as a search for themes that emerge as being important to the description of the 

phenomenon. The themes are identified through careful reading and re-reading of the data 



82 

 

(Fereday & Muir-Cochrane, 2006). The similarities and differences technique to identify the 

themes was adopted. 

 

In this research study, data were arranged into themes related to the sub-questions, for analysis.  

Qualitative data analysis was done based on direct observation and semi-structured interviews. 

Data from the direct observation and semi-structured interviews were transcribed using 

Microsoft Word and interviews were recorded on a recording device to ensure that participants’ 

responses are correctly captured. 

 

The researcher transcribed semi-structured interviews by listening to the audio recordings and 

simultaneously typing everything said on the tape. Transcription of audio recordings and typing 

of field notes was done as soon as the data was collected. The answers were grouped into 

categories, themes were determined and pertinent quotes from the participants’ interviews were 

also extracted. 

4.10   Chapter Summary  

 

In this chapter, the researcher provided detailed research design, methods and strategies which 

were followed in collecting data for this study. It then described how the design science research 

paradigm, research framework, the mapping of research questions, activities and cycles 

(summarised in Table 4.1) and guidelines for DSR process has been adopted for the purpose of 

this study. 

The chapter explained how data was collected and analysed to achieve the research objectives. 

To complete the relevant cycle of this study, the exploratory case study was conducted in the 

rural public high schools located within the GTM. The chapter elaborated on the instruments 

used for the purpose of data gathering, aimed at finding the answers to the main research 

questions.  

 

The findings of the case study are given and discussed in the following chapter. 
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Chapter 5 - Case Study Findings 

 

 

 

Figure 5.1: Chapter Layout 

5.1  Introduction 

 

The aim of the case study was to understand the challenges faced by resource-constrained high 

schools in the GTM regarding lack of access to teaching and learning material on electronics 

platforms. Furthermore, the case study was used to identify broadband services and digital 

content considered by schools as relevant and useful for teaching and learning. This chapter aims 

to present the case study findings of the research.  The consolidated data was analysed and 

interpreted using data analysis techniques discussed in Chapter Four (Section 4.7). Finally, a 

summary and conclusions are drawn from the findings. 
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5.2 Participants Selection  

 

As stated in Chapter Four (Section 4.5), the data for this case study was collected by analysing 

documents and using two modes of capturing the participants’ experiences and views: semi- 

structured interviews and direct observations. 

  

A case study can be used with other research strategies to address related research questions in 

different phases of a research project (Cassell & Symon, 2004:326). In our study, the exploratory 

case study at rural high schools of GTM was conducted to complete a relevance cycle of the 

Design Science Research approach. The relevance cycle connects the environment (rural public 

high schools) with design science activities and focuses on requirements (content and value 

adding services considered by high schools). Furthermore, it captures the problem to be 

addressed (lack of educational resources in electronic platforms) and to provide design solution 

artefacts (Broadband Service Delivery Model). In this study, the exploratory case study was 

conducted to answer the following subsidiary research questions: 

 

 What challenges are faced by resource-constrained public high schools regarding the 

lack of access to digital learning information? 

 

 What are the value adding services and content considered by high schools as relevant 

and useful? 

 

As stated in the previous chapter (Section 4.5.2), the researcher visited ten high schools, but only 

collected data from seven  high schools in different villages within the GTM between 4 and 5  

September 2014. Nine participants were interviewed (two principals, two vice-principals and 

five teachers). Some of the principals preferred to participate with a teacher who understands 

ICT better. The school principals were requested to recommend a participant who could be 

interviewed. All participants were senior educators. For the sake of confidentiality as per the 

ethical clearance from the university, the schools shall be given the labels (A, B, C, D, E, F and 

G).   
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5.3  Data Processing and Consolidation 

 

In this section, the important themes from qualitative data collected through direct observations 

and educators’ response during interviews are identified and discussed. The interview schedule 

can be found in Appendix A. The themes are categorised to address the research subsidiary 

questions mentioned in Section 5.2.  

 

The researcher adopted the similarities and differences techniques to identify the themes. Ryan 

and Bernard (2003) reported that the similarities and differences techniques involve taking pairs 

of expressions from the same informant and looking for their similarities and differences. The 

researcher summarised the raw data, marked and categorised the themes by identifying 

similarities and differences between respondents and field notes. Ryan and Bernard (2003) 

suggested coding of themes in written documents involves pawing through texts and marking 

them up with different coloured pens.  The identified themes were clustered under the headings 

that directly relate to subsidiary questions. 

  

The themes that were identified during the data gathering process were categorised as follows: 

 

 General ICT requirements for teaching and learning 

 Importance of using ICTs at public high schools 

 Access to ICTs for teaching and learning 

 Challenges faced by high schools regarding lack of access to ICTs 

 

These themes are elaborated in the next section. 

5.4  Interviews with High School Educators (see Appendix A for the Interview Schedule) 

 

Themes one (1), two (2) and three (3) are addressing the research question: 

 

 What are the value adding services and content considered by high schools as relevant and 

useful? 
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The emerged themes are discussed as follows: 

  Theme 1: General ICT Requirements for Teaching and Learning 5.4.1

 

Educators that participated in the interviews mentioned the following services as relevant for 

teaching and learning: 

 

 Video services (e.g. YouTube, video conferences,); 

 Web services (e.g. to access previous papers, Siyavula and research); 

 E-mail (e.g. to communicate with other educators and for departmental correspondence); 

 E-books (access to latest books in electronic formats);  

 Internet connectivity; and 

 Computer skills. 

 

According to Participant three from school B, having access to these services would ease the 

teaching of life sciences and practical subjects. Participant five, the deputy principal from school 

D further mentioned that Internet connectivity would enable learners to access text books in 

electronic format and download previous question papers and memorandums. He also indicated 

that both learners and teachers should access programs, such as Siyavula
9
 (physical science and 

mathematics content), video content such as YouTube
10

, and share information through social 

media platforms. 

 

 “The use of the Internet and computers in teaching would make a huge impact on learners’ 

performance, and will prepare learners for tertiary education” said Respondent seven, the 

principal from school E.  

 

Respondent six, a teacher from School E, added that e-mail facilities would ease the 

communication amongst the educators and other stakeholders. 

   

                                                 
9 For more information see: http://www.siyavula.com/ 

10 For more information see: https://www.youtube.com/user/DBESouthAfrica 

http://www.siyavula.com/
https://www.youtube.com/user/DBESouthAfrica
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The findings from this case study indicate that the majority of participants felt that both learners 

and educators should have access to Internet at schools and home.  Respondent five, a deputy 

principal from school D highlighted that learners often depend highly on teachers to gain 

knowledge. Respondent five added that having access to the Internet could encourage learners to 

do school work at home, and it could enable them to easily adapt in this world of ever changing 

technology.  

 

The findings reflect that some of the subjects need to be taught using computers with Internet 

connectivity in order to cover certain topics. Respondent two from school A said:  

 

 “Some of the text books reference websites for further reading and we often ask learners to use 

mobile phones at home to gain better understanding of a subject”  

 

Participants one and two, both from high school A strongly believe that schools need computer 

labs equipped with enough computers, projectors, printers and to have access to reliable Internet.  

 

The researcher also noted that schools need IT technical support or budget to outsource 

maintenance of ICTs. During the direct observations in school E, the researcher noted that only 

one printer out of three was functional and out of seven computers only three were in good 

working condition. 

 

“Most of our computers need some repairs and the software used on these computers is outdated 

because schools do not have the budget to carry out maintenance” said the principal from school 

G. 

 

Respondent seven from school E mentioned that all teachers need computer skills to be able to 

offer the Computer-Aided Design (CAD) drawing subject. He strongly believes that “…having 

enough computers and reliable Internet connectivity would make it easy for teachers and 

learners to empower themselves”.  
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  Theme 2: The Importance of using ICTs by Teachers and Learners 5.4.2

 

The researcher discovered that in the rural public schools of the GTM, the educators find the use 

of ICTs very important as it enables both learners and teachers to do research about certain topics 

through the Internet. Respondent three from School B said: 

 

“ICTs are important as it [they] simplify teaching and learning, minimise time and the travelling 

costs (e.g. question papers can be e-mailed and video conference calls can be made). It also 

makes it easy to make contact with the real world, for education about Ebola)”. 

 

Educators strongly believe that ICTs will ease communication and sharing of educational 

information between schools in the district municipalities and within the region. Furthermore, 

ICTs could benefit the community as well. 

 

“Learners will have exposure to technology and be able to assist parents with services such e-

commerce.” noted the deputy principal from school D. 

 

At school C, Participant four mentioned the importance of using video conference and e-mail 

facilities. She cited that time and money could be saved as teachers would not need to travel to 

the district municipality for meetings and workshops. Furthermore, she said Internet access is 

vital as it provides immediate access to up-to-date information. 

 

Respondent 9, an educator from School G also added that: 

“Today, teaching is better as compared to the olden days because ICTs make it easy to access 

and share the learning information”.  

  Theme 3: Access to ICTs for Teaching and Learning  5.4.3

 

The following table (Table 5.1) summarises ICTs accessibility in the high schools visited. 
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 Table 5.1: Access to ICTs and their use for both learners and teachers 

School ICT Resources Utilisation Source Challenges 

A 2 printers,2 laptops, lab 

with 4 personal 

Desktop computers 

(PCs) 

Used mainly by 

teachers to type tests 

and for administration 

purposes 

Donated by local 

mines 

Computer lab is not utilised due 

to renovations. 2 PCs are not 

working 

B Computer lab with 14 

PCs, DSTV and 4 

printers, access to 

Internet (Telkom 

satellite) 

Shared by learners and 

teacher for education 

and school 

administration 

Donated by various 

companies and 

some were won by 

learners 

participating in 

different 

competitions 

The Internet access is very 

slow; there is lot of theft and 

vandalism 

C Computer lab, 8 PCs, 1 

laptop, telephone 

system, fax, 3 

projectors and mobile 

internet connection  

They are mainly used 

for teaching computer 

application technology 

(CAT), typing tests and 

for school admin 

Donated and some 

were bought by 

Department of 

Basic Education 

(DBE) 

One teacher has access to 

Internet using mobile modem 

and Network coverage is poor 

D Computer lab, scanner, 

3 laptops 4 printers, 

mobile modem 

To do scheduling and 

reporting, typing tests, 

emails and printing 

Donated by Mines 

in the region and 

bought by DBE  

Maintenance of devices and 

needs more PCs and access to 

internet 

E 7 PCs, photocopy 

machine,  printer 

1 PC used for reporting 

on South African 

School Management 

System (SA-SAMS), 

typing tests, capturing 

learners’ marks 

PCs donated by 

local mines and one 

from DBE 

No maintenance and only 3 PCs 

are working, no computer labs 

and needs funding to for repairs 

F Tablet, laptop, 3 

printers and Scanner 

For administration 

purposes and making 

copies  

Bought by school   School has no computer labs 

G 1 broken PC For administration 

purposes 

Supplied by DBE School needs more PCs for 

learners and teachers 
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Accessibility to ICTs is a challenge for many of the schools in the municipality. Many of the 

used computers were donated by local mines and some never worked, and others are no longer in 

use due to lack of maintenance and technical support. Table 5.1 outlines the findings of ICT 

resources, utilisations, source and challenges in high schools that participated in the study. Six 

high schools have access to computers, scanners and printers mainly used for general school 

administrations. In two schools (B and C), the ICT resources are shared amongst educators and 

learners for teaching, school administration and learning.  

 

Many schools are experiencing challenges in terms of maintenance and technical support of their 

ICT resources. During the visit to school G, the researcher noticed that the school has one 

computer and it was not functional during the visit. Majority of ICT resources were supplied by 

local mines and Department of Basic Education (DBE). The high schools with Internet 

connectivity are complaining about slow connectivity and reliability due to poor signal coverage.  

  

The coverage of South African Broadcasting Corporation (SABC) Television (TV) and radio in 

the municipality remain a huge challenge, as the access to the public broadcaster’s TV and radio 

is very poor in some parts of GTM. Access to radio and TV are regarded as the primary modes of 

information sharing and education in the rural areas (Gillwald et al., 2013). In terms of 

telecommunication infrastructure availability, cellular network coverage in the villages 

surrounding GTM is also very poor. The network coverage ranged between EDGE, Third 

Generation and no signal in most part of the region.  

 

“The schools and the community rely on Digital Satellite TV (DSTV) to get good television 

reception in the schools and homes.” Said Respondent three from school B  

 

High schools that participated in the study have no access to fixed-line telecommunication 

networks connectivity. However, educators rely on mobile networks (GSM and EDGE 

technologies) and Telkom SA satellite technology for voice and data services. Nevertheless, the 

quality of both networks is very poor based on direct observations and semi-structured 

interviews.  
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With regard to the use of mobile phones, only educators are allowed to use mobile devices at 

schools that were part of the case study. All participants indicated that learners are not allowed to 

utilise mobile devices at schools, citing the following reasons: 

 

 Learners play music during the lessons;   

 Spend time on social networks; 

 Take and exchange pictures amongst each other during the lesson; 

 Spend time watching  pornographic material; 

 Steal each other’s phones; 

 Discriminate against learners who have no cell phones; and  

 Lack of discipline. 

 

When asked if the school allows learners to use mobile devices for educational purposes in class, 

participant three from school B said:  

 

“Our learners are not allowed to bring cell phones to classrooms, because they play music, 

participate in the social media and it will disadvantage leaners who don’t have access to cell 

phones” 

 

The deputy principal from school C explained that: “We do not allow them to bring cell phones 

to classrooms, because they play music and watch pornographic material. However, if there is a 

need to use mobile phones, learners are allowed to use them for educational purposes with strict 

supervision”. 

 

Despite the banning of mobile devices’ use by learners in the high schools studied, some 

educators believe that cell phones are a vital tool to educate the learners. However, the 

Department of Basic Education should introduce a policy governing the use of mobile devices in 

schools. Mobile device usage in schools brings along other challenges such as theft and 

vandalism. There have been a series of burglaries at schools in Gauteng province as people want 

to steal tablets donated by the DBE in the province (SA News, 2015). As the result, eighty-eight 

thousand (88 000) tablets were withdrawn by Gauteng provincial Government (SA News, 2015).  
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The principal in school F, Respondent eight argues that due to today’s fast growing technology 

the general literacy is also changing. For instance, she is forced to ask learners to bring cell 

phones from time to time so that she can explain science subjects that require an Internet access. 

  

“Yes, we do but only when they need to download certain information from the Internet. But in 

general no, because they capture pictures amongst themselves and share them on the social 

media”, said Respondent eight. 

 

Respondent five highlighted that in Kenya some rural high schools use tablets for educating 

learners and based on his personal observation he noticed that learners gain more knowledge and 

are well disciplined. Respondent five was referring to Electronic Information for Libraries 

(EIFL) Public Library Innovation Programme
11

 (EIFL-PLIP). The EIFL-PLIP program uses 

tablet computers to support children’s education in Kenya (Kinyanjui, 2014). The goal of EIFL-

PLIP is to support new and innovative library services that use technology to advance 

community development in Africa, Asia, Europe and Latin America.  

  Theme 4: Challenges Faced by High Schools Regarding Lack of Access to ICTs 5.4.4

 

Theme four addresses the following research question: 

 What challenges are faced by resource-constrained public high schools regarding the lack 

of access to digital learning information? 

 

The objectives are to understand the challenges faced by schools regarding lack of access to 

digital learning material (information and services) via the fixed or mobile networks in the GTM 

rural high schools. 

From the interviews, it was discovered that many of the schools with access to ICTs are using 

them for administration and reporting purposes and they are not benefiting learners. Participant 

six, the principal of school E, mentioned that the school has Computer Applications Technology 

(CAT) as a subject, but the school does not have all the necessary equipment to implement it for 

teaching and learning.  

                                                 
11 For more information see: http://www.eifl.net/news/eifl-launches-major-library-training-initiative-kenya  

http://www.eifl.net/news/eifl-launches-major-library-training-initiative-kenya
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According to Respondent One, from school A, the lack of access to the Internet and poor 

infrastructure makes teaching and learning difficult, as the result, the performance of the learners 

gets affected. Respondent Five, the deputy principal from school D also finds it difficult to 

educate learners, and said learners in the rural areas always lose out compared to those in the 

urban areas due to a lack of ICTs. Respondent five stated that: 

 

“Learners are missing critical information, such as viewing and participating on SABC 

educational programmes due to poor television coverage, they cannot interact with other 

learners from different schools due to a lack of internet access”. 

 

School B does have Internet connectivity in the form of a satellite system (i.e. VSAT). However, 

the connection is not reliable and is very slow. Multiple users cannot access the Internet at the 

same time due to bandwidth limitations. Teachers rely on text-books for teaching and it becomes 

a problem as the information is outdated and limited. Respondent Nine, from school G also 

indicated that, the performance of learners does get affected as the teachers avoid the topics (e.g. 

in life science subjects) that need access to computers and the Internet. 

 

According to the principal at school E, respondent Six, there is lack of communication between 

teachers in the different schools and it takes long to send messages across to the Department of 

Basic Education due to a lack of e-mail facilities and/or other communications infrastructure. 

 

Due to poverty and being located in the rural areas, there is a lack of exposure to various 

companies in different industries as compared to schools located in the urban areas. Therefore, 

Internet access is the only means of getting information about various career paths for learners.  

 

Respondent Nine added that:  

 

“Unlike in the urban area high schools, the majority of our learners are only interested in 

mining because they depend on local mines for career guidance”. 
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Respondent Five further added that: 

 

“In Physical Science, as the teacher you try to give various examples such as Gautrain in certain 

topics but because some of the learners have never been to the cities to see the trains, then it 

becomes difficult to educate them”.  

 

From the two respondents (Five and Nine), it is clear that geographical location, lack of access to 

the Internet and poverty also remain a major challenge when it comes to providing quality of 

education.  

 

The main themes, research questions, and results are summarised and tabulated in Table 5.2. The 

envisaged model should address the challenges mentioned by these schools including the basic 

requirements. 

Table 5.2: Mapping of main themes, research questions and results 

Main themes Research Questions Results 

Access to ICTs for teaching and 

learning 

What are the value adding 

services and content considered 

by high schools as relevant and 

useful? 

Mobile modems; PCs; Tablets; Projectors; 

Printers; Scanners; Computer labs; Mobile 

& very small aperture terminal VSAT 

internet and Digital satellite TV (DSTV). 

General ICT requirements for 

teaching and learning 

Reliable internet connection; Video content; 

Digital library; e-books; e-mails & The 

Web.  

Importance of using ICTs at public 

high schools 

ICTs are seen as vital tool for both teaching 

and learning. 

Challenges faced by high schools 

regarding lack of access to ICTs 

Which challenges are faced by 

resource-constrained public 

high schools regarding the lack 

access to digital learning 

information? 

Poor performance of learners; Limited 

resources for teaching ; Learners and 

teachers are excluded from digital world; 

Travelling costs and Information sharing 

among learners & other schools 
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5.5 Direct Observation Findings 

 

The researcher opted to also use direct observations in the municipality and at all seven high 

schools visited while conducting interviews. The objectives of direct observation were to 

examine the existence of the telecommunication infrastructure and ICT facilities and to capture 

the requirements of proposed broadband service delivery model. 

 

Figure 5.2 and Figure 5.3 illustrate the vandalised fixed line telecommunication infrastructure in 

the villages located in GTM. 

 

Figure 5.2: Vandalised telecommunication infrastructures between Jane Furse and in Ga-Malekane village. 

 

 

Figure 5.3: Vandalised telecommunication infrastructures in Ga-Malekane village. 
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Out of seven schools that participated in the interviews between 4 and 5 September 2014, the 

following was observed: 

 

 All schools and surrounding villages have access to electricity. 

 The area is mountainous and the quality of cellular networks (voice and data) is very poor 

in some areas, particularly in school D and E. 

 Due to the poor quality of TV signals, residents cannot access some of SABC TV 

channels. 

 Making voice calls was possible on the MTN network, and data connection was very 

poor in many parts of the area. 

 Both MTN and Vodacom coverage is intermittent in some villages located in the GTM. 

 The area has no fixed-line copper telecommunication infrastructure due to vandalism. 

 Many of Telkom SA’s cables were cut and some were hanging on the poles. 

 Many business and government departments depend on Telkom SA satellite and mobile 

networks for telephone services   

 High schools F and G have no working computers and educators are using their personal 

laptops.  

 Three schools are equipped with computer labs used by learners and educators. 

 One school has satellite Internet connectivity in their labs and staff rooms. 

 Five schools have access to computers used for South African School Management 

System (SA-SAMS) for reporting and administration. 

 The computers are mainly used by teachers for school administrations such as typing 

tests and capturing learners’ marks. 

 Many computers were donated by local mines and the majority of them were not working 

and maintained. 

 All schools have access to functional printers, scanners and photocopy machines.  

 Four educators use their personal laptops, tablets and cellular modems to connect to the 

Internet. 
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During the interviews, the researcher observed that educators understand the importance of ICTs; 

however, accessibility to Internet connectivity is seen as a major challenge in all schools that 

participated in the research. 

5.6  Discussion of Case Study Findings  

 

The findings from the case study confirm that rural schools in the GTM are experiencing 

challenges of lack of access to digital learning material and broadband services. From the 

interviews, it was noted that lack of access to the Internet and poor infrastructure makes teaching 

and learning difficult. The case study findings support the statement of Dlodlo (2007); Section 

27 (2014) and Khumalo et al. (2015) who states that the lack of ICT infrastructure, shortage of 

text books and limited information in the textbooks and access to the computers, let alone access 

to the Internet, impact negatively on the teaching of science subjects in the rural public schools.  

 

From theme Four, it was identified that lack of ICT infrastructure does negatively affect learners’ 

performance. Many educators rely on traditional text books for teaching life science and 

computer skills subjects. This becomes a problem as they have limitations and information is 

outdated (Ford et al., 2014). Lack of broadband connectivity required by public institutions such 

as schools impacted negatively on the country’s development and global competitiveness (Khan, 

2015). 

 

From theme Two, it was noted that having access to learning material in electronic platforms 

could afford educators and learners the opportunity to interact with the outside world, and also 

could benefit the community as the whole. However, the Department of Basic Education (DBE) 

should introduce a policy governing the use of mobile devices in schools. Literature suggest that 

use of ICT brings some challenges such as learners spending time focusing on the websites 

containing pornographic material, which could require teacher to spend much time trying to 

control students from using websites unrelated to the learning content, instead of focusing on 

teaching  (Mathevula & Uwizeyimana, 2014).   

 

The findings indicate that schools require reliable Internet connectivity to access services such as 

video, web, e-mail, digital library and e-books for teaching and learning practical and life science 
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subjects. From Mkhomazi and Iyamu's (2011),  Mathevula and Uwizeyimana (2014) and 

Khumalo et al. (2015) findings, the ICT adoption could enable the educators to obtain real-time 

material and use  programs such as video conferencing to interact with outside world. 

 

From the observations, it was also noted that schools are experiencing difficulties in accessing 

digital educational programs and learning materials due to the poor quality of telecommunication 

networks and limited computers. The data connection via cellular networks is challenging in 

some parts of the area, which makes it difficult to access data rich content. These research 

findings confirm the statement by Sibanda et al. (2008), Huang et al. (2012) and Agarwal and De 

(2016), who argue that the geographical landscape in most of the rural areas brings challenges to 

deploy telecommunication networks, because  there are valleys, swamps, and mountainous 

terrain. From the case study findings, the researcher noted that the geographical landscape in the 

GTM does affect access to television and radio services as well. 

 

From the GTM case study findings, the researcher understands the challenges faced by under- 

resourced public schools (environment) and Chapter Six discusses the proposed broadband 

service delivery model (artefact) to address some of the identified problems. The model forms 

part of the main contribution from this research study. 

5.7 Chapter Summary  

 

In this chapter, the researcher explained how the themes were formulated to address research 

sub-questions. The researcher presented, analysed and discussed data collected mainly from 

semi-structured interviews from educators from rural high schools located in the GTM. The 

results from direct observations were also discussed in this chapter. Data presentation, analysis 

and discussion were done in line with the subsidiary research questions that guided the study.   
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Chapter 6- Proposed Service Delivery Conceptual Model 

 

 

 

 

Figure 6.1: Chapter 6 Layout 

6.1 Introduction 

 

This chapter forms part of the seven guidelines for Design Science Research process discussed in 

Chapter Four (see Section 4.4). The chapter marks the beginning of design and development 

phase (design cycle) in the design science research cycles (see Table 4.1).  
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Based on an identified set of requirements highlighted in Chapter Two (see sub-sections 2.2.1-

sub-section 2.2.2) and Chapter Five (see sub-sections 5.4.1 and sub-section 5.4.4), this chapter 

investigates, designs and develops the broadband service delivery conceptual model that could 

address the challenges discussed in the literature review (found in Chapters Two and Three) and 

Greater Tubatse Municipality (GTM) case study findings (found in Chapter Five). In Section 6.3, 

the broadband service delivery conceptual model that supports the proposed broadband service 

delivery technical architecture for implementation (see Section 6.4) suitable for resource-

constrained environments is presented. Furthermore, the proposed model addresses some of the 

limitations identified in Section 3.5 of Chapter Three. Finally, Section 6.5 summarises and 

concludes the chapter. 

 

This chapter addresses the following subsidiary research question:  

 

 How to design an appropriate service delivery conceptual model for seamlessly 

delivering broadband services (e.g. digital learning information) to resource-constrained 

public high schools? 

6.2 Proposed Model Requirements 

 

This section presents a set of requirements for the proposed broadband service delivery model 

which were developed from the themes derived from the GTM case study as discussed in 

Chapter Five (see sub-sections 5.4.1 and sub-section 5.4.2. In addition to the requirements 

developed from the case study, the basic requirements of Mobile Service Delivery Platforms 

(MSDPs) outlined in Chapter Three (see Section 3.3), and comparison of MSDPs against the 

requirements for general Service Delivery Platforms (SDP) relevant in the resource-constrained 

environments summarised in Table 3.2 are also taken into consideration. In Chapter Five (see 

Section 5.3), the following themes were identified: 

 

 Theme 1: General ICT requirements for teaching and learning 

 Theme 2: Importance of using ICTs at public high schools 

 Theme 3: Access to ICTs for teaching and learning 
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 Theme 4: Challenges faced by high schools regarding lack of access to ICTs 

 

Themes 1, 2 and 3 are identified as the value adding services and digital content considered by 

resource-constrained high schools in the GTM as relevant and useful. Theme 4 discussed the 

challenges faced by resource-constrained high schools in the GTM regarding the lack of access 

to digital learning information. In Table 6.1, the requirements from the case study and basic 

requirements of MSDPs and general requirements for Information Communication Technology 

for Education (ICT4ED) are summarised. 

 

Table 6.1: Requirements developed from case study and MSDP 

Requirements developed from case 

study 

Requirements of MSDP Summarised general 

requirements for ICT4ED 

 Theme 1: Reliable internet 

connection; Video content; 

Digital library; e-books; e-mails 

and the Web. 

 Minimal total life cycle 

cost 

 Ease of Use and 

Accessibility 

 Synergies and 

Interoperability 

 Bearer and Device 

Agnostic 

 Re-usable Modules 

 Flexibility And 

Extendibility 

 Leverage Available Skills 

 Scalability  

 Availability (from Rural 

context) 

 Performance 

 Educational services 

 Theme 2: ICTs are seen as vital 

tools for both teaching and 

learning. 

 Important of using 

ICT 

 Theme 3: Mobile modems; PCs; 

Tablets; Projectors; Printers; 

Scanners; Computer labs; Mobile 

& Very Small Aperture 

Terminal (VSAT) Internet and 

Digital satellite TV (DSTV). 

 Required 

infrastructure 

 

 Theme 4: Poor performance of 

learners; Limited resources for 

teaching; Learners and teachers 

are excluded from the digital 

world; Travelling costs and 

Information sharing within 

learners & other schools 

 Educational 

challenges  
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The requirements from theme 1 and theme 3 are supported by literature findings (see sub-section 

2.2.2), which suggest that computer technologies such as CD-ROMs, web browsers, e-mail 

services, MP3 players, audio-visual facilities, skype, Internet connectivity, Interactive teaching 

programs (ITP) and power-point presentations or video recordings could promote interactive 

teaching and learning (Bester & Brand, 2013; Condie & Munro, 2007; Mkhomazi & Iyamu 

2011). Ford et al. (2014) also added that the use of tablets and smartphones, which make it 

possible to access the digital content such as electronic text books, has become popular in both 

developing and developed countries. Theme 2 emphasises the need of access to ICTs in the 

classrooms. From the literature review (see sub-section 2.2.1), there is evidence that learners 

who use ICTs for learning could have better success in Science and Mathematics subjects as 

compared to those who do not have ICTs in the classroom (Mikre, 2011; Chigona et al., 2014).  

 

In Section 3.5 of this study, there is evidence that most MSDPs do not meet all the basic 

requirements of SDP, particularly in the resource-constrained environments. Some of the 

limitations of MSDPs include: 

 

 Complexity; 

 Not suitable for rural deployment; 

 Not being accessible and easy to use; and  

 Significant bandwidth requirements. 

  

As discussed in Section 3.5, the majority of the platforms evaluated are very complex and not 

easy to use for non-skilled end-users, they required highly skilled programmers. In addition, 

implementation of existing MSDPs in developing countries such as South Africa  remains a 

challenge, majority of platforms are based on Next Generation Network (NGN), which requires 

significant bandwidth.  

 

The lack of appropriate SDPs for resource-constrained environments is the motivation of this 

study. The proposed broadband service delivery conceptual model seeks to address the 

challenges highlighted in theme 4 and sub-section 2.2.3, taking into consideration the limitations 

of other MSDPs identified in Section 3.5 of Chapter Three.  
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6.3 Broadband Service Delivery Conceptual Model (BSDCM) 

 

Conceptual modelling is defined by Liu et al. (2012) as “the abstraction of a model from a real or 

proposed system, which includes specifications of reality”. The conceptual model provides a 

means of communication and understanding of a specific domain between stakeholders of the 

system and the developers or domain aspect of the system (Gemino & Wand, 2004). In the view 

of Pilkington and Pretorius (2015), conceptual modeling can also be seen as “identifying, 

analysing and describing the essential concepts and constraints of a domain with the help of a 

(diagrammatic) modeling language”. Conceptual modeling language comprises a set of 

constructs, which are often represented by graphical symbols to create a representation (Gemino 

& Wand, 2004).  

 

In the communication systems domain, conceptual modeling is an evolutionary process in which 

new concepts enhance and complement earlier communication models (Fedaghi et al., 2009). 

For example, in the study conducted by Christian and Hanrahan (2007), the concepts and 

architecture of standardised Intelligent Networks (IN) that contributes to new and older telco 

standards, was re-used to define a generic SDP architecture.  

 

To identify various components that provide the guidelines and support a conceptual model 

suitable for resource-constrained environments discussed in Section 6.4.1, a broadband service 

delivery conceptual model depicted in Figure 6.2 was designed. These components formed part 

of a technical architecture for the implementation of the proposed BSDCM presented in Figure 

6.3.  
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Figure 6.2: Broadband Service Delivery Conceptual Model (BSDCM) 

 

This conceptual model shows the relationship between the identified themes (T1 to T4) detailed 

in Chapter Five (Section 5.4) and the role-players in Information Communication Technology 

for Education (ICT4ED). The conceptual model also aims to support role players at Government 

and Non-Government sectors to make decisions regarding the implementation of ICTs as a tool 

for teaching and learning in resource-constrained schools. 

 

With any ICT intervention, it is very important to understand:  

 The requirements of role players (learners and teachers); 

 What are the ICT challenges? (all role players); 

 Who should benefit? (community, schools, and so forth); 
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 What are other ICT4ED interventions? (NGOs, DBE, and so forth); and 

 What are the policies and the processes are in place? (Policy makers, DBE, and so forth). 

 

The BSDCM is made up of seven components, the text in brackets refers to the layers in the 

above broadband service delivery conceptual model and are discussed as follows:  

 Theme 1 (T1): General ICT Requirements for Teaching and Learning (Educational 6.3.1

Services) 

 

Theme 1 summarises requirements for teaching and learning using digital learning information. 

This component connects both Theme 2 and Theme 3 components.  This component informs 

Government and Non-Government Organisations stakeholders about the nature of value adding 

services and content considered by high schools as relevant and useful.  

 

It is very important to know which educational content and services are required by educators to 

facilitate teaching and learning in their environments before designing the solution. The 

requirements should be in line with Department of Basic Education’s (DBE) ICT policies and 

processes, programs such as Accelerated Schools Infrastructure Delivery Initiative (ASIDI) and 

the DBE current curriculum.  

 Applications (Access Mechanism) 6.3.2

 

The applications component refers to the cross-platform applications such as web and mobile 

applications that could be used for delivering various educational services and content in 

different computing platforms. This component focuses on the following specifications: 

 

 Device Agnostic: Applications should be compatible with multiple operating systems 

and work on different types of end-user devices such as mobile phones, tablets, laptops, 

and so forth. The digital services should be accessible from any device using different 

access methods. 

 Bearer Agnostic: The component also focuses on network bearers such as bandwidth 

limitations, the applications should be able to adjust bandwidth usage to fit within any 

network scenario. In addition, the applications should meet the requirements that lead to 
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the efficient (re-) usage of available resources such as networks and various technologies 

in any environment. 

 Multi-Vendor Support: The applications should not be vendor specific, but rather  be 

executed in environment that consists of diffent manufacturers’ hardware for 

heterogeneous network deployment.  

 Theme 2 (T2): Importance of Using ICTs at Public High Schools (Policies and 6.3.3

Processes) 

 

As highlighted in the literature review (sub-section 2.2.1) and, supported by case study findings 

(sub-section 5.4.2), the adoption of ICTs in the classrooms is very important. ICTs and 

particularly Internet connectivity can provide immediate access to up to date information and 

also improve collaboration between learners and educators and amongst educators themselves.  

 

The policy and process component (Theme 2) is the foundation of the ICT4ED. In conjunction 

with the role players’ component, the component refers to the DBE’s ICTs in Education policies 

such as Guidelines for Teacher Training and Professional Development, Operation Phakisa ICT 

in Education Lab program and the White Paper on e-education. Additional policies are still 

required such as mobile device usage policies in public schools. As discussed in Chapter Two 

(sub-section 2.2.1), these policies and processes support and promote the growth of ICTs in 

schools. The proposed BSDCM is intended to fit with the DBE ICT policies, align with resent 

initiatives and also contribute to the DBE’s programs.    

 Theme 3 (T3): Access to ICTs for Teaching and Learning (Existing ICT 6.3.4

Infrastructure) 

 

The current state of ICTs infrastructure in the resource-constrained public schools component 

form part of the key requirement of the proposed broadband service delivery model. It is 

important that this requirement be taken into consideration when proposing a technical 

architecture that supports the access to digital content for high schools in the resource-

constrained environment. This component forms part of Theme 3, which refers to existing ICTs 

that the schools have access to. The ICTs include end-user devices, type of networks, access 

technologies, computer laboratories and the software being used.  The same ICTs infrastructure 
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should be re-used to build a cost effective, user friendly and sustainable digital educational 

content delivery model for resource-constrained environments.       

 Theme 4 (T4): Challenges Faced by High Schools Regarding Lack of Access to ICTs 6.3.5

(Challenges) 

 

This component (Theme 4) links the role players, T1 to T3 and the new infrastructure 

components. The main objective of this component is to outline the challenges faced by 

resource-constrained high schools regarding lack of access to ICTs. The challenges include: 

limited educational resources and services (discussed in sub-sections 2.2.3 and sub-section 

5.4.4), which are very important. The lack of ICT infrastructure may also lead to poor 

performance of both learners and teachers, exclusion from the digital world and lack of 

collaboration with other role players. Theft and vandalism is also one of the challenges that could 

affect the deployment of new ICT infrastructure negatively. The proposed BSDCM takes these 

challenges into consideration.        

 Required ICT Infrastructure 6.3.6

 

The aim of this component is to propose new ICT infrastructures, which could address some of 

the short comings of the existing ICT infrastructure highlighted in Theme 4. The infrastructures 

could include new hardware devices (modems, mobile phones, and so forth), computer 

laboratories and the networks. It is important that the new infrastructure utilises existing 

technologies outlined in Theme 3, be able to deliver digital content and services highlighted in 

Theme 1, be easy to deploy, affordable, easy to maintain and support, be sustainable and also 

suitable for the environment.  

 Role Players 6.3.7

 

This component is the cornerstone of the whole BSDCM. It is important because without role 

players’ involvement any ICT intervention will not succeed. The role players from the ICT4ED 

context refer to the local community, learners and teachers, policy makers, the Department of 

Basic Education (DBE) and Non-Government Organisations (NGOs). All these role players 

could benefit from ICTs, support ICT adoption and also make a contribution towards ICTs 

implementation in resource-constrained environments.  
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 Universal Access (ICT and Education) 6.3.8

 

Universal access to ICTs and education refers to providing all communities with affordable 

access to ICTs and equal education irrespective of the environment  (Ebner et al., 2008).  In our 

BSDCM, the component refers to affordable Internet, access to education for all and availability 

of ICT infrastructure to deliver education content and services in the classrooms. 

 

As highlighted in Chapter Two (sub-section 2.2.2), having access to mobile devices, personal 

computers (PC), applications such as such as social networking platforms and freely available 

Instant Messaging (IM) applications could potentially be used for teaching and learning 

platforms. 

 

This section focused on BSDCM, paying attention to themes detailed in Section 5.4 and the role 

players within Information Communication Technology for Education (ICT4ED) context. The 

model is made up of eight main components, which includes four main themes (T1-T4), 

applications component, required ICT infrastructure, role players and universal access (ICT and 

education). As highlighted in Section 3.5 the existing MSDPs do not meet all the minimum SDP 

requirements such as availability from resource-constrained environment context, complexity, 

accessibility and ease to use and significant bandwidth requirements. The proposed BSDCM 

seeks to address some of the limitations of existing MSDPs. Furthermore, it addresses challenges 

faced by resource-constrained public schools regarding lack of access to educational content in 

electronic format by re-using the existing ICT infrastructure.  

 

In the next section, the broadband service delivery technical architecture for the implementation 

of the proposed conceptual model is presented.  

6.4 Broadband Service Delivery Architecture for the Implementation of the BSDCM 

 

According to Hevner (2007), the design cycle activities of Design Science Research include the 

construction of an artefact, its evaluation against the requirements, and feedback to refine the 

design further. The aim of this section is to present an alternative technical architecture for the 

implementation of a proposed broadband service delivery conceptual model suitable for 

resource-constrained public schools. In this section, we focus on the following technical 
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components derived from the broadband service delivery conceptual model (see Figure 6.2) as 

follows: 

• Educational Services;  

• Applications;  

• Existing ICT Infrastructure; and 

• Required ICT Infrastructure. 

  

However, as indicated in Chapter One (Section 1.8), this study focuses on access networks; 

therefore the Internet Service Provider’s (ISP) backbone network in this architecture is beyond 

the scope of this study. 

 

In Figure 6.3, we present the technical architecture for the implementation of proposed BSDCM. 

The elements of architecture are discussed further in sub-sections 6.4.1 to sub-section 6.4.5. 

 

 

Figure 6.3: Architecture for the Implementation of the Proposed Broadband Service Delivery Conceptual 

Model. 
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The evaluation of a proposed model against the general requirements of existing broadband 

service delivery platforms and set of requirements developed from the case study (see Figure 

6.2) is discussed in Chapter Seven.  

 Choice of Access Technology for Implementation 6.4.1

 

The discussion in this sub-section focuses on the choice of mobile access technologies, which 

form part of the existing ICT infrastructure component of presented BSDCM (see Figure 6.2). 

This focus is mainly on the state of mobile network access technologies in the GTM case study 

(see Figure 2.2). 

 

The choice of appropriate mobile access technologies for implementation was guided by the 

conceptual model presented by Mekuria (2011) (see Figure 2.3), which is based on the quality of 

service (QoS), energy efficiency, cost, service usability, sustainability, optimisation, rural 

context and best fit parameters. In addition, one of the requirements of Service Delivery 

Platforms (SDP) as discussed in Section 3.3 is to re-use available network technological 

capabilities to aid service creation and development and to ensure equitable access to digital 

content and service. Furthermore, the choice of technology is also motivated by the existing 

infrastructure component (Theme 3), which promotes the re-use of existing ICTs infrastructure 

to build cost effective, user friendly and sustainable digital educational content delivery models 

for resource-constrained environments.       

 

The mobile access technologies are appropriate for resource-constrained environments as many 

developing countries such as South Africa, have been able to leverage mobile technologies to 

overcome fixed line infrastructure barriers and provide connectivity to previously unconnected 

areas (see sub-section 2.3.2).  

 

In the case of proposed technical architecture for the implementation of the proposed BSDCM 

(Figure 6.3), the network abstraction requirement is achieved by re-using the Global System for 

Mobile communication (GSM) and Enhanced Data rates for GSM Evolution (EDGE) Radio 

Access Network (GERAN) available in the GTM. GERAN technology provides high schools 

users access to heterogeneous network resources and capabilities. The decision to adopt GERAN 
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technology as the access infrastructure that the resource-constrained public schools could 

connect through is supported by popularity, high availability, fast growing and the easy to access  

capability of GERAN technology as expressed by Axelsson et al. (2006), Louw & Dörflinger 

(2010) and DOC (2013). In addition, the case study findings in Chapter Five have also shown 

that there is GSM and EDGE coverage to deliver voice and data services in most parts of the 

GTM (see Sub-section 5.4.3).  

 

Many studies have shown that GERAN technology is readily available in most parts of South 

African resource-constrained environments (Louw & Dörflinger, 2010; DOC, 2013). The 

statement by Axelsson et al. (2006) also suggests that the legacy of GSM and EDGE 

technologies are widely used in many countries (see GSM/EDGE global footprint Figure 6.4) 

 

 

Figure 6.4: GSM/EDGE Global Footprint (Adapted from Axelsson et al., 2006) 

 

According to Müller et al,. (2012), the evolution of GERAN technology enables mobile 

operators to use existing GSM frequency bands to provide UMTS (3G) broadband services, such 

as e-mail and Web browsing, video conferencing and voice over IP  (VoIP). However, from the 

GTM case study findings there is evidence that there is coverage of GSM to carry voice traffic, 

but data connectivity in the form of 3G networks remains a big challenge in some parts of the 

GTM (see Section 5.5). Moreover, the delivery of data rich traffic in GSM technology (2G) is a 

challenge, as the data transmission on GSM system is usually over voice channel at a speed 

ranging from 9.6 kbps to 14.4 kbps (Wandre, 2000). With the introduction of EDGE technology, 

the delivery of digital content could be achieved, albeit at slow speeds. As discussed in Section 
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2.3.2.1, the EDGE technology gives GSM systems the capacity to handle services for 3G at the 

speeds of up to 472kbps. 

 

This sub-section outlined the choice of appropriate access technology used to implement the 

proposed BSDCM from resource-constrained public schools context. GERAN technology was 

chosen because it is available in the GTM and is a fast growing technology as opposed to other 

technologies. The choice of technology forms part of the existing ICT infrastructure component 

of the presented broadband service delivery conceptual model. Furthermore, the choice of 

technology is motivated by requirements of general SDP, which encourage the re-use available 

network technological capabilities to deliver content and services. 

 

The next sub-section discusses the educational services considered by schools as relevant for 

educational purposes. 

 Educational Services 6.4.2

 

In Figure 6.3, the educational services element refers to digital educational services and content 

considered as relevant to promote interactive teaching and learning in electronic platforms. This 

is a very critical element of the architecture as it forms part of requirement of a broadband 

service delivery conceptual model from an educational perspective. As indicated in Chapter Two 

(see sub-section 2.2.2) and Chapter Five (see sub-section 5.4.1), the services which could aid the 

educators and leaners to obtain real-time digital material include: 

 

 Video services;  

 Interactive teaching programs (ITP); 

 Educational gaming; 

 Instant Messaging (IM); 

 Web services (e.g. to access previous papers and research); 

 E-mail (e.g. communicate with other educators and department correspondence); 

 E-books (access to latest books in electronic format);  

 Reliable Internet connectivity; and 

 Computer skills. 
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In the case of GTM, reliable Internet connectivity is seen as the basic need to enable access to 

various educational services in the classrooms. To gain better understanding of certain topics 

discussed in the classroom and to adapt in this world of ever changing technology, the majority 

of research participants felt that both learners and educators should have access to the Internet at 

school and at home. Furthermore, educators strongly believe that having access to ICT services 

such as e-mail, video content, interactive boards and e-books will not only aid teaching and 

learning, but could also save schools time and money as teachers will not always travel to the 

district municipality for meetings and workshops.  

 

These requirements are in line with Department of Basic Education’s (DBE) policies and goals 

discussed in Chapter Two. In sub-section 2.2.1, we discussed some of digital content providers 

who are currently supporting teaching and learning via technology-led innovations in South 

African schools including Google in Education, Intel Teach, SchoolNet and Microsoft Partner in 

Learning. In addition, the Department of Basic Education (DBE) third party content providers 

such as Second Chance Matric Programme
12

, Thutong Portal
13

 and social media platforms could 

also take advantage of broadband access to deliver digital content and services to public schools.  

 

This sub-section discussed digital content and services considered by educators as relevant for 

teaching and learning. In the next sub-section, we discuss the mechanisms of accessing various 

services listed earlier in this sub-section.     

 Applications 6.4.3
 

The main function of the applications element in the implementation architecture is to ease 

access to electronic services from content providers highlighted in sub-section 6.4.2 to the users 

(learners or educators) through devices that they have access to. As discussed in sub-section 

6.3.2, the service delivery applications component should be compatible with devices that 

                                                 
12 Second chance matric programme aims to offer learners who failed to meet the requirements of the National 

Senior Certificate a second chance to obtain matric. More information about the program is available from: 

http://www.education.gov.za/Programmes/SecondChanceProgramme/tabid/932/Default.aspx  

13 Thutong Portal deliver information, curriculum, and support materials to the South African schooling community, 

More information available from: http://www.thutong.doe.gov.za/  

http://www.education.gov.za/Programmes/SecondChanceProgramme/tabid/932/Default.aspx
http://www.thutong.doe.gov.za/
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schools have access to and also meet the requiremets that lead to efficient (re-) usage of available 

resources such as networks and various acess technologies in any environment.  

 

In the proposed broadband service delivery model for implementation architecture (Figure 6.3), 

the client-site traditional Web application using the Hypertext Transfer Protocol (HTTP) access 

mechanism is proposed to provide access to web-based electronic mail (e-mail), Instant 

messaging (IM), electronic books, video content and web resource (World Wide Web). Recent 

studies have shown that the Web application domain is one of the fastest growing domains, and 

today is used in almost every facet of our lives to deliver various resources  such as images, 

video and plain text (Maras et al., 2013; Liu et al., 2015). The client-site Web applications act as 

a user interface (UI) by utilising standard browsers to access content either on mobile device 

platforms or via PC. 

 

Web applications are device-agnostic as they can operate across various types of devices, 

including desktop computers, laptops, and mobile devices such as tablets and smart phones 

identified in the resource-constrained high schools.  Although findings from the GTM case study 

highlighted that the majority of public high schools do not allow learners to use mobile phones in 

the classrooms, educators still allow learners to use mobile devices to access educational content 

through web applications with strict supervision (see sub-section 5.4.3). Furthermore, in some 

instances, educators indicated that they would request learners to use mobile devices at home to 

research information about certain educational topics. 

 

This sub-section described Web applications as the potential mechanism to access the 

educational services listed in sub-section 6.4.2. The next sub-section discusses the existing ICT 

infrastructure that the public schools have access to. 

 Existing ICT Infrastructure (Devices and Systems) 6.4.4

 

Following the proposed delivery mechanism of educational services and content discussed in the 

previous sub-section, this sub-section discusses the existing ICT infrastructure. Specifically, this 

sub-section discusses devices that the GTM schools have access to and status of current systems 

and network connectivity. 
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During the observations and interviews in the GTM, it was discovered that the quality of 

telecommunication networks is very poor in most parts of the areas that formed part of the case 

study. There is no fixed line copper telecommunication infrastructure due to vandalism (see 

Figure 5.2 and Figure 5.3). The majority of businesses and government departments depend on 

Very Small Aperture Terminal (VSAT) systems for voice and data services. The quality of voice 

call through cellular networks appears to be good in most parts of the municipality. However, 

data connection via costly and limited bandwidth from VSAT technology and poor third 

generation (3G) coverage is very challenging in some parts of the municipality, which makes it 

difficult to access real-time services and data rich content, such as video recordings 

presentations. Both Vodacom and MTN cellular coverage is very intermittent in most villages 

located in the GTM. 

 

In terms of end-user devices, the results from the GTM case study have shown that educators in 

many high schools that participated in this research study have access to ICTs. From Theme 3, it 

was highlighted that the majority of high schools have access to limited devices such as personal 

computers (PCs), GSM modems, and mobile devices (smart phones and tablets), scanners and 

printers. However, it must be noted that the majority of PCs, printers and scanners were donated 

by local mines and are not maintained due to costs. The research findings also show that four of 

the seven high schools that participated  in the study are equipped with computer laboratories, 

and only one out of four high schools have computer laboratories with VSAT internet access and 

limited bandwidth is shared amongst educators and learners.  

 

At least six of the high schools are equipped with PCs supplied by the DBE for the South African 

School Administration Management System (SA-SAMS) application. As discussed in Chapter 

Two (see sub-section 2.2.2), the SA-SAMS is mainly used by South African public schools for 

school curriculum administration, learners and staff management and governance (DBE, 2013). 

Due to lack of connectivity to resource-constrained high schools, the SA-SAMS is not linked to 

other systems at the DBE. As highlighted in Muriithi & Masinde's (2016) findings, public 

schools in the resource-constrained environments are often forced to abandon SA-SAMS 

because of unreliable systems, which makes it difficult to submit data to the DBE on time; this 

also has challenges of limited access to few users, technical support and training. 
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This sub-section presented the current ICT infrastructure. The sub-section focused particularly 

on access network status, devices and systems being used in the public high schools. The next 

sub-section proposes the new ICT infrastructure that could use existing networks and devices to 

deliver educational services.       

 Required ICT Infrastructure 6.4.5

 

The majority of multimedia services such as video streaming, and educational gaming 

highlighted in sub-section 6.4.2 are data rich. Handling multimedia data requires more resources 

such as high performance computing, more bandwidth and optimisation in transmission of data. 

In Section 2.3, it was highlighted that access to bandwidth and computers still remains a 

challenge in South Africa, particularly in resource-constrained environments. To address these 

challenges, this sub-section briefly proposes required infrastructure and mechanisms to provide 

access to educational services in resource-constrained public schools.  

 

From the guidelines outlined in the BSDCM in sub-section 6.3.6, it should be noted that 

utilisation of existing technologies, affordability, maintenance and support will be taken into 

consideration when proposing the required infrastructure.  

 

The cost of required infrastructure is currently unknown. However, in the proposed broadband 

service delivery architecture, the cost is reduced by re-using current access network technologies 

instead of deploying a new last mile network infrastructure, which is still a challenge in resource-

constrained environments. Furthermore, the adoption of compression and caching proxy 

techniques (see sub-section 6.4.5.2) and Thin Client computation (see sub-section 6.4.5.3) could 

also reduce the costs. The only expected capital costs will be in the purchase of routers and 

servers. At this stage, the cost of new equipment might be higher, but in the long run the benefits 

could be higher than the cost of required infrastructure.  

6.4.5.1 Access Network  

 

In the implementation architecture presented in Section 6.4 (Figure 6.3), the main function of 

GERAN is to interface the radio signal to Customer Premises Equipment (CPE) such as mobile 

devices, Wi-Fi access points and GSM/GPRS/EDGE routers.  
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To address the limited bandwidth challenges highlighted in sub-section 6.4.4, the researcher 

proposes a router equipped with GSM/GPRS/EDGE modules for optimisation and Internet 

Protocol (IP) packet compression of Wide Area Network (WAN) data traffic. The Transmission 

Control Protocol (TCP) over the Internet Protocol (IP) (TCP/IP) header compression scheme is 

widely used to improve the performance of low-speed links.  

 

In Chapter Seven (evaluation), the details of adopted of compression techniques are 

demonstrated in the form of simulations. 

6.4.5.2 Proxy Server 

 

In Chapter Three (Table 3.2), the comparison of MSDPs against the minimum requirements of 

general SDP is outlined. Drawing from Table 3.2, it must be noted that the majority of the 

platforms evaluated are very complex and not easy to use for non-skilled end users. Furthermore, 

they are based on Internet Protocol (IP) Multimedia Subsystem (IMS) access networks to deliver 

digital content and multimedia services. Through the literature reviews and case study conducted 

in the GTM, accessing multimedia services over 3G technologies remains a challenge in the 

resource-constrained environments. This sub-section addresses some of the challenges relating to 

limited bandwidth and technical support faced by resource–constrained high schools.   

 

To reduce web access latency and network administration challenges in the high school’s Local 

Area Network (LAN), we would introduce compression and caching proxy server. Proxy servers 

have been widely used for web content and video streaming to reduce the response time, network 

traffic and server resources (Ma & Du, 2002; Xiao et al. 2010). Data compression and 

decompression techniques have been applied for addressing networking latency challenges, 

saving storage space, saving device power consumption and reducing transmission cost in 

mobile networks (Xiao et al., 2010).  

 

Data compression as explained by Dhar (1990), involves using special algorithms to reduce time 

needed to transmit information across the network without losing the information. According to 

Wang and Manner (2009), there are two types of data compression algorithm techniques, 
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namely, lossy and lossless compressions. The lossy compression algorithm improves a better 

compression ratio by introducing differences to reconstructed data and original data is not 

exactly restored after decompression (Wang & Manner, 2009). The lossless data compression 

algorithm allows the original data to be reconstructed from the compressed data (Brittan, 2008).  

 

In this study, the lossless data compression algorithm could be adopted for the server 

environment. The decision to choose the lossless data compression algorithm to compress 

broadband services is supported by the fact that it has many advantages on mobile devices. The 

advantages of the lossless data compression algorithm are listed by Brittan (2008) as follows: 

 

 Can reduce the network bandwidth required for data exchange; 

 Can reduce the disk space required for storage; and 

 Can minimise the memory required to process the data. 

 

The main function of the proxy server residing on high schools’ LAN is to cache frequently 

requested resources and to compress the data to save disk and memory resources. The 

deployment of a proxy server on the LAN is supported by researchers Ma and Du (2002) who 

argue that a proxy server can be considered as an local node along the server-client path on 

customer LAN.  

 

As highlighted earlier in this sub-section, data compression can reduce storage space, improve 

response time and save device power consumption. Findings from the case study have shown 

that the majority of educators in the GTM rely on mobile devices such as modems, tablets, smart 

phones and laptops to access the Internet (see Theme 3 in Table 6.1). It was reported in Theme 1 

and the literature review (see sub-section 2.2.3) that slow Internet connectivity makes it difficult 

to access electronic educational content (see sub-section 5.4.1) in many resource-constrained 

high schools.  

 

According to Chen et al. (2003), to reduce server resources, network congestions and access 

latency, service providers can deploy a catching proxy server. In addition, a caching proxy server 
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transmits cached data rich content such as video from remote servers to clients through LAN 

using less expensive bandwidth (Ma & Du, 2002). 

 

Another role of a proxy server presented in the broadband service delivery model (see Figure 

6.3) is to store data requested from the content provider platform. Deploying a local caching 

proxy server in the high schools could accelerate service requests by retrieving content saved 

from previous requests made by educators or learners. This will also allow high schools to 

reduce upstream bandwidth usage and increase network performance. Furthermore, it will reduce 

the lack of technical support observed in the GTM. 

 

This sub-section, addressed the network administration and limited bandwidth challenges faced 

by resource-constrained high schools. The next sub-section focuses on how the content from the 

proxy server can be accessed by the learners and educators.   

6.4.5.3 Thin Client Computing 

 

One of the main challenges faced by resource-constrained high schools is lack of ICTs 

infrastructure such as PCs, reliable internet and mobile devices as observed in the case of GTM. 

In addition, there is lack of technical support and the maintenance of existing infrastructure is 

very costly. 

 

To alleviate lack of access to computing devices problems and at the same time addressing 

maintenance costs and support challenges and limited bandwidth highlighted in Table 5.1, this 

sub-section proposes Thin Client computing to access the educational resources stored in a local 

server. In the proposed broadband service delivery technical architecture, the focus of 

implementation of Thin Client computing is on the school’s LAN. According to Michael and 

Shimba (2012), Thin Client computing allows users to access applications such as web pages 

that are executed in the local or remote server and accessed by Thin Clients diskless terminals 

PCs and mobile devices. Ali-Al-Mamun et al. (2012) and Sharma and Gandole (2014) also 

added that some of the key benefits of using Thin Client computing include: 

 

 Less Power Consumption; 
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 Can Reduce Network Latency; 

 Lower Total Cost of Ownership (TCO); 

 Support of heterogeneous PC environment; and 

 Lower Cost Desktop Maintenance and Support. 

 

As illustrated by Ali-Al-Mamun et al. (2012) in Figure 6.5, Thin Client computing could use 

protocols such as Remote Desktop Protocol (RDP) and Remote Frame Buffer (RFB) to perform 

less computational tasks by sending keyboard and mouse events from Thin Client computer to 

remote server over a network.  

 

 

Figure 6.5: Thin Client-Server Communication 

 

As indicated in the previous sub-section and earlier in sub-section 5.4.4, maintenance and 

support of ICT infrastructure and network latency is one of the main challenges faced by 

resource-constrained high schools. For example in school B, learners and teachers are sharing 

Internet connectivity using VSAT technology and the connection is not reliable and is very slow. 

All seven schools that participated in the study are frustrated as the schools have a limited 

number of computers and most of the PCs are not utilised due to high costs of maintenance of 

hardware.  

 

The delivery of school resources such as question papers and text books on time still remains a 

challenge in South Africa; particularly in resource-constrained public high schools (see Section 

2.2.3). The deployment of Thin Client based computing could also improve the delivery of 

school resources such as digital text books on time. The learners and teachers could still use their 
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mobile devices to access the resources by connecting on the local server through Wi-Fi 

networks.  

 

The Thin Client based computing and internet connectivity could also improve remote 

administration and maintenance of the systems such as SA-SAMS. However, it must be noted 

that Thin Client computing also brings up some challenges. Because the architecture of Thin 

Client computing is a network centric IT infrastructure, the network becomes the single point of 

failure. Without reliable Wide Area network (WAN), accessing remote server applications and 

remote maintenance it could become a challenge.  

6.5 Chapter Summary  

 

This Chapter outlined the minimum requirements of BSDCM suitable for resource-constrained 

public schools. The broadband service delivery conceptual model was also developed, 

identifying the main components that provide the guidelines and support to the proposed 

broadband service delivery technical architecture for implementation. Furthermore, BSDCM 

highlighted the relationship between the identified themes detailed in Chapter Five (Section 5.4) 

and the role players of ICT4ED. The technical components derived from conceptual model were 

used to develop broadband service delivery technical architecture for implementation in the 

resource-constrained public high schools. The objective of this model was to satisfy the general 

SDP requirements highlighted in Chapter 2. In addition, the model seeks to address some of the 

limitations of the existing MSDP. In the next chapter we use extensive simulations, visualisation 

tools and comparative analysis to evaluate the effectiveness of a proposed broadband service 

delivery conceptual model.  
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Chapter 7- Evaluation of the Proposed Broadband Service Delivery 

Conceptual Model (BSDCM) 

 

 

  

Figure 7.1: Chapter 7 Layout 

7.1  Introduction 

 

This chapter aims to compare and evaluate the effectiveness and usefulness of the proposed 

broadband service delivery conceptual model (BSDCM) and technical architecture for 

implementation against other Mobile Service Delivery Platforms (MSDPs) discussed in the 
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literature review (see Chapter Three). As mentioned in Chapter Four (see Section 4.4), the design 

evaluation guidelines seek to observe and measure the artefact to determine how it supports the 

solution to the research problem identified in this study. In addition, the experiment is conducted 

in the form of simulations and visualisation to measure the effects of the proposed model. This 

Chapter addresses the research sub-question: 

 

How effective is the proposed broadband service delivery model as compared to the 

others? 

The Chapter is structured as follows: Section 7.2 describes how the proposed broadband services 

delivery model could satisfy the minimum requirement of general Service Delivery Platform 

(SDP). In Section 7.3, we describe the detailed experiment setup using both network simulation 

and visualisation tools for the implementation architecture of broadband service delivery model, 

detailed physical network setup and testing tools used in our experiment are outlined in this 

Section.  

 

Section 7.4, evaluates the performance of the network after the implementation of a compression 

technique against the application component of the proposed technical architecture of broadband 

services delivery model that could facilitate the access of education content in electronic 

platform. In Section 7.5, the focus is on the significance of experiment towards addressing the 

limitation of access to teaching and learning information in electronic platforms in resource-

constrained environments. Section 7.6 adopts the comparative analysis technique to measure the 

effectiveness and usefulness of proposed BSDCM against other MSDPs. Section 7.7 summarises 

and concludes the Chapter.     

7.2 Evaluation of Proposed Model against the SDP Requirements  

 

This section evaluates the effectiveness and usefulness of the proposed broadband services 

delivery model against the minimum requirements of a general SDP as detailed in the previous 

chapters. These minimum requirements are discussed in detail in Chapter Three; they are 

included in this Chapter for reference purposes. The minimum requirements of MSDPs listed in 



124 

 

Table 7.1 serve as evaluation criteria for the proposed and developed broadband service delivery 

model. 

 

Table 7.1: MSDPs comparison against minimum requirements 
Minimum 

Requirements 

Mobi4D 

Platform 

SPRING 

Platform 

SPICE 

Platform 

OPUCE 

Platform 

IMS based  

Platform 

Minimal total life 

cycle cost 

√ √ √ √ × 

Ease of Use and 

Accessibility 

× × × √ × 

Synergies and 

Interoperability 

× √ √ √ √ 

Bearer and Device 

Agnostic 

√ √ √ √ √ 

Re-usable Modules √ N/A √ √ √ 

Flexibility And 

Extendibility 

√ √ √ √ × 

Leverage Available 

Skills 

√ × × × × 

Scalability  × √ √ √ √ 

Availability (from 

Rural context) 

√ × × √ × 

Performance × √ × √ √ 

 

In Section 1.3 of Chapter One, this study identified the lack of suitable broadband services 

delivery model and Information Communication Technologies (ICTs) in the resource-

constrained high schools as the major challenge to access learning information in electronic 

platforms.  

 

To address the problem described above, Section 6.3 proposed a suitable broadband service 

delivery conceptual model for resource-constrained environments. In addition, Section 6.4 
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presented a technical architecture for the implementation of proposed broadband service delivery 

conceptual model, paying attention to technical components of the proposed conceptual model 

(see Figure 6.3).  

 

Table 7.2 describes how the proposed model in this study could satisfy the minimum Service 

Delivery Platform (SDP) requirements for deployment in the resource-constrained environment.  

 

Table 7.2: Evaluation of Proposed Model against the SDP Requirements 

Minimum 

Requirements 

Evaluation Narrative 

Minimal total 

life cycle cost 

In the application component of the proposed conception model (also see sub-section 

6.3.2), the proposed model enables various third-party content providers to create and 

deploy various educational services and content for different computing platforms such 

as mobile devices. 

Ease of Use and 

Accessibility 

Through the case study, the content and services considered by educators and type of 

devices they are already using was taken into consideration when designing the model. 

The proposed model does meet the user requirements, since it is less complex and does 

not require highly skilled users. The model speaks directly to accessibility since it 

considers existing resources in the schools for accessing broadband services. 

Synergies and 

Interoperability 

As highlighted in sub-section 6.3.3, the proposed model is in line with the Department 

of Basic Education (DBE) and other initiatives, which support teaching and learning via 

technology-led innovations in South African schools. The proposed model enables 

other DBE third-party content providers such as Second Chance Matric Program, 

Thutong Portal and social media platforms to interface into the content provider for 

service provisioning. 

Bearer and 

Device Agnostic 

Reading from case study results (see Table 5.1) and literature review in sub-section 

2.2.2, it is evident that the majority of teachers and learners have access to mobile 

devices. The educational content and services could be delivered by web and mobile 

application access mechanisms as proposed in the broadband service delivery 

conceptual model. Through the proxy server, the rich data could be compressed to 

address latency challenges, saving storage space, saving device power consumption and 

reducing transmission cost in mobile networks. 

Reusable The application (access mechanism) proposed in sub-section 6.3.2 interfaces legacy 
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Minimum 

Requirements 

Evaluation Narrative 

Modules services from the content provider to any third-party applications via the Web service 

interface. This will enable third-party developers to re-use modules such as the 

Software Development Kit (SDK) to create and deploy new services through the web 

interface for use in resource constrained environments.   

Flexibility And 

Extendibility 

The proposed model can reduce the complexity of creating new applications and value 

added services by enabling third-party content providers to create and deploy various 

multimedia services. 

Leverage 

Available Skills 

In this study, the proposed broadband services delivery model is not evaluated against 

this requirement. We pay attention to delivery of digital educational content to 

resource-constrained environments using existing technology. However, through the 

intervention of other role players’ components of this conceptual model, available 

resources should be able to support this model. 

Scalability  To satisfy the scalability requirement, we proposed caching proxy server and Thin 

Client computing on the Local Area Network (LAN) to accelerate service requests by 

retrieving content saved from previous requests made by users. The proxy server could 

transmit cached data-rich content from a remote server to Thin client through LAN 

without using significant bandwidth. This could improve access to the services without 

requesting new hardware as the number of users increase. 

Availability 

(from Rural 

context) 

Existing ICT infrastructures encourage the re-use of available ICT resources to build 

cost-effective, user friendly and sustainable digital educational content for a resource-

constrained environment. Using the available access network, this requirement was 

achieved by re-using the older mobile access network technologies (GSM/EDGE). The 

decision to adopt GERAN technology as the access infrastructure that the rural high 

schools could connect through is supported by popularity, high availability, fast 

growing and easy to access technology. 

Performance To improve the performance of access networks, sub-section 6.4.5.2 proposed a proxy 

server to reduce web access latency in the LAN and for optimisation and compression 

of Wide Area Network (WAN) data traffic. 

 

As mentioned in Section 3.4 of Chapter Three, a majority of the MSDPs identified in the 

literature have some limitations (see Table 3.2) such as complexity, not suitable for rural 
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deployment, lack of required skilled developer, not accessible and ease of use and required 

significant bandwidth.  

 

This section evaluated the proposed model against minimum requirements of the SDP. The 

evaluation results indicate that the proposed model from the theoretical perspective conforms to 

the MSDP requirements as detailed throughout the study. It is, however, worth noting that the 

proposed model does not consider leveraging on existing skills within the resource-constrained 

environments. However, an assumption is made that users in the resource-constrained 

environments should be able to support the model, especially since existing ICT resources are 

leveraged.  

 

The following section describes the experimental setup using both network simulation and 

visualisation techniques for the implementation architecture of the broadband service delivery 

model, focusing mainly on application and required infrastructure elements.  

7.3 Experimental Evaluation 

 

In the previous section, a theoretical evaluation of the proposed conceptual model was presented. 

However, since resource-constrained environments are quite complex, it was therefore essential 

to conduct technical evaluations of the proposed model using controlled experiments in a lab 

environment. However, it is highly recommended that our experiments need to be replicated in a 

real-world settings.    

 

Thus, the objective of this section is to describe the experimental setup using network simulation 

and visualisation tools for the implementation and evaluation of the suggested technical 

architecture of the broadband service delivery model discussed in Chapter Six (Section 6.4). This 

objective is achieved by conducting the network experiment in a simulated environment.  

 

The experiment pays special attention to the simulation of a Global System for Mobile 

communication (GSM) and Enhanced Data rates for GSM Evolution (EDGE) GERAN access 

network technologies using a GSM modem and a Mikrotik router board. Furthermore, it focuses 

on the compression of IP header over Point to Point Protocol (PPP) data link protocol (Layer 2) 
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to improve Transmission Control Protocol over Internet Protocol (TCP/IP) Quality of Service 

(QoS) on the slow connectivity. The experimental evaluation addresses the following general 

SDP requirements. 

 

 Availability; 

 Performance; 

 Scalability; and 

 Bearer and Device agnostic. 

 

The experiment focused on the following technical elements of the technical architecture for the 

implementation of proposed broadband service delivery conceptual model: 

 

 Applications: We focused on the demonstration of network latency response time on 

Web page application access. The web application access mechanism was chosen 

because services such as electronic books, video, images and electronic e-mails could be 

accessed using mobile devices or personal computers (PCs).    

 

 Required Infrastructure: Demonstration of Internet Protocol (IP) packet compression 

over PPP data link protocol to improve Wide Area Network (WAN) data traffic. The 

decision to use the router equipped with GSM module for compression of TCP/IP over 

PPP WAN link on existing wireless technologies was based on re-using access 

technologies available in resource-constrained environments. 

 

As discussed in sub-section 6.4.1, the choice of GERAN wireless technology was motivated by 

availability of GERAN wireless technologies in most parts of South African resource-

constrained environments, such as Greater Tubatse Municipality (GTM). To improve the 

performance over low-speed WAN link reported in the GTM case study, we opted to compress 

IP packets by using the PPP data link protocol compression technique. As highlighted by Sagar 

and  Gothawal (2014), the technique to compress IP headers is widely used to reduce network 

latency and establish the direct connection in wireless networks, therefore improving network 

performance.  
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We opted to use a Mikrotik router board because it is cost effective and supports PPP 

compression. In addition, it has built-in features such as bandwidth test tools that can be used to 

demonstrate the performance of the network without purchasing any additional software 

licences.  It should be noted though that any appropriate router could be used in realising the 

implementation technical architecture. 

 

Section 7.4 evaluates the effects of network latency on a web application (access mechanism) 

component after the compression of TCP/IP header. A detailed physical network setup and tools 

used in our experiment are outlined in the next sub-section.        

 Building a Test Platform: Network Simulation and Compression Technique 7.3.1

 

As discussed in sub-section 6.4.1, the aim of this study was to identify and develop a broadband 

services delivery model using GSM and EDGE wireless access technologies as the foundation to 

provide access to digital learning information in the resource-constrained environments. To 

address the limited bandwidth challenges, the researcher proposes the use of a router and the 

Universal Serial Bus (USB) modem that support GSM/GPRS/EDGE technologies for 

demonstration of network optimisation and Internet Protocol (IP) packet compression of Wide 

Area Network (WAN) data traffic.  

 

As highlighted by the identified research problem (see Section 1.3) and direct observations in the 

GTM case study, the deployment of fixed line broadband infrastructure in resource-constrained 

environment is hampered by vandalism, maintenance costs and geographical landscape. In this 

experiment, the identified access technologies are optimised by compressing IP packets over PPP 

WAN link to deliver educational content such as web services required by high schools for 

teaching and learning purposes. 

 

To meet the general SDP requirements, which serve as a foundation of the proposed model, 

existing network technologies are re-used to deliver services, instead of building new network 

infrastructure at high cost. Furthermore, the existing infrastructure component (Theme 3) in the 

proposed broadband services delivery conceptual model, promotes the re-use of existing ICTs 
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infrastructure to build cost-effective, user friendly and sustainable digital educational content 

delivery model for resource-constrained environments.                

 

In order to build a less complex and cost effective test-bed platform for PPP WAN link 

compression in which to operate, it was decided to use a network simulator and virtual machines. 

For the purpose of this experiment, the GSM/GPRS/EDGE modules and router hardware for 

compression is simulated by using cost effective, easy to use and accessible devices and tools as 

follows:  

 

 Huawei Broadband USB Modem: Model CE0682;   

 Mikrotik Router Board OS (Operating System): Model RB951G-2HnD; 

 VMware Workstation; 

 Graphical Network Simulator (GNS3); and 

 Dotcom-Monitor web testing tool. 

 

The Mikrotik router boards run on the software called RouterOS
14

. Both Graphical User 

Interface (GUI) and text command line can be used to configure different functions on the router. 

The router’s built-in bandwidth test and network management tools were both used to 

demonstrate the performance of the PPP WAN link before and after the implementation 

compression protocol detailed in sub-section 7.3.3-7.3.4.   

 

Virtualising Mikrotik router board and Huawei GSM Modem with GSM subscriber identification 

module (SIM) was a challenge because the model of Mikrotik router used does not have built-in 

GSM modules. We opted to setup physical hardware illustrated in Figure 7.2 to configure the 

network section of this experiment. After the setup of the hardware, the RouterOS configuration 

file was copied into a Mikrotik virtual machine in GNS3 platform, which runs on QEMU open- 

source machine simulation and emulator software. The physical connection of network element 

is captured in Figure 7.2.    

                                                 
14 For more details on RouterOS see: http://www.mikrotik.com/software  

http://www.mikrotik.com/software
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Figure 7.2: Network Physical Connection 

 

 Configuring PPP Interface  7.3.2

 

This sub-section demonstrates the access network configuration, which forms part of required 

ICT infrastructure component of technical architecture for implementation of the proposed 

broadband service delivery model. The required ICT infrastructure component of the proposed 

broadband service delivery model encourages the re-use of existing infrastructure to be deployed 

easily, is affordable, easy to maintain and support, and also suitable for resource- constrained 

environments. This demonstration has taken these requirements into consideration. 

 

As illustrated in the technical architecture for the implementation of the proposed broadband 

service delivery conceptual model in Figure 6.3, the required infrastructure element includes the 

router equipped with a GSM module to accommodate existing resource-constrained 

environments. This sub-section demonstrates how the configuration of PPP using both a USB 

modem and Mikrotik router was achieved.  

 

 

Figure 7.3: Illustration of PPP link Configuration 
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To accommodate the GTM case study and resource-constrained environments, which depends on 

GSM/GPRS/EDGE mobile devices for Internet connectivity, a USB port channel interface of 

Huawei modem was used to act as a GSM/GPRS/EDGE module in a Mikrotik router. As 

illustrated in Figure 7.3, the router established the PPP link connection through the configuration 

of the PPP WAN interface using a USB port channel.  Figure 7.4 below depicts the network 

latency after to Google’s Public Domain Name Server (DNS) address (8.8.8.8) after establishing 

the connection. 

 

Figure 7.4: Network latency after establishing PPP Connection 

 

The next sub-section demonstrates how PPP interface can be adapted by simulating the WAN 

link to accommodate the resource-constrained environment which has very low bandwidth to 

deliver data rich educational content.   

 GERAN Adaption and Queue Management 7.3.3

 

As indicated in the previous Chapter (see section 6.4.1), the Availability (from Rural context) 

requirement of the general SDP is met by re-using the current access technologies capabilities 

available in the resource-constrained environment. As explained by Müller et al. (2012), 

GERAN technology can provide theoretical maximum bandwidth of up to 472 kilobit per second 

(kb/s).  
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In this scenario, we consider the case study conducted in the GTM, which has basic mobile 

communication infrastructure with low bandwidth by adapting the GERAN technology, by 

limiting the Internet throughput to 256 kbps to accommodate low bandwidth links. The limitation 

of the bandwidth was achieved by setting up a simple queue for the traffic leaving the PPP WAN 

interface. The simple queue management mechanism of Mikrotik RouterOS can be used to limit 

the bandwidth for certain IP addresses, protocols or ports leaving the router through a specific 

interface.  

 

The implementation of simple queue configuration for PPP WAN interface adaption is presented 

in Figure 7.5 below.   

 

 

Figure 7.5: Simple Queue Adaption for PPP WAN Interface 

 

The quality of the Internet connection after the simple queue implementation targeting PPP 

WAN interface was tested by measuring packet losses. The packet loss measurement is achieved 

by utilising Mikrotik RouterOS diagnostics tools such as ping and traceroute commands. This 

was illustrated by sending continuous large number of Internet Control Message Protocol 
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(ICMP) echo packets to Google’s Public Domain Name Server (DNS) address (8.8.8.8). The 

demonstration of ping for a packet loss test is captured in Figure 7.5.  

 

 

Figure 7.6: Ping test after Simple Queue Adaption targeted for PPP WAN Interface 

 

Drawing from the ping results captured in Figure 7.5, it is evident that the quality of the Internet 

connection is very poor. There is sixty per cent (60%) of failed responses to Google’s public 

DNS and the round-trip time average of 598 milliseconds indicates that the network connectivity 

is very slow.   

 

In Section 3.4 of Chapter Three, it was highlighted that the majority of MSDPs have limitations 

such as complexity, not suitable for rural deployment, not accessible and easy to use and 

required significant bandwidth. Drawing from the ping results illustrated in Figure 7.6, it could 

be a challenge to access data-rich content using network abstraction of components of other 

MSDP. The existing ICT infrastructure component of proposed broadband service delivery 

model promotes the re-use of same infrastructure to build cost-effective, user friendly and 

sustainable digital educational content delivery model for resource-constrained environments. 
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Sub-section 7.3.4 illustrates how existing technology could be re-used to deliver rich digital 

content in the resource-constrained environments.            

 

In the next sub-section, the performance of the GERAN link is improved by implementing a 

compression protocol of PPP WAN interface, which is based on TCP/IP Van Jacobson header 

compression (VJHC) mechanism. The idea of implementing VJHC technique as explained by 

Wang et al. (2004), was to improve the performance of low-speed links by avoiding transferring 

of redundant information whenever possible. 

 PPP Compression Technique 7.3.4

 

The aim of this sub-section is to demonstrate how VJHC could potentially improve the access 

network performance in the resource-constrained environment such as GTM. Furthermore, the 

compression technique could be implemented together with proxy servers, application servers 

and Thin-Client computing in the required infrastructure component of proposed broadband 

service delivery model to ease access to educational content in electronic platforms. However, in 

this sub-section we only focus on the compression of TCP/IP header of PPP interface. 

 

As highlighted in sub-section 6.4.5.1 of Chapter Six, the compression technique for the technical 

broadband service delivery architecture for implementation is adopted to improve the GERAN 

network link. In this experiment, we implemented the Van Jacobson header compression 

mechanism to reduce efficiency use of TCP/IP header. Van Jacobson’s TCP/IP header 

compression technique is still widely used by ninety per cent (90%) of Internet hosts to address 

the problem of network congestion (Jacobson, 2015).    

 

In our experiment, the Van Jacobson’s compression for TCP/IP packet was implemented by 

configuring the PPP Authentication and Accounting link protocol, which is supported by 

Mikrotik RouterOS. Figure 7.7 below depicts the implementation of VJHC on the PPP profile.  
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Figure 7.7: PPP WAN Link Compression 

 

This section discussed the scope of experiment for the implementation of the proposed BSDCM. 

The experiment focused on application (access-mechanism) and new infrastructure components 

discussed in the technical architecture for the implementation of a proposed broadband service 

delivery conceptual model suitable for resource-constrained environment.  

 

Section 7.4 evaluates the performance of the network after the implementation of compression 

technique against the application component that could facilitate the access of education content 

in electronic platforms.  

7.4 Measurement of Network Latency after the Compression 

 

This section presents the experimental analysis and results. We focus on network latency test 

results after compression of TCP/IP packet on PPP WAN Link. In addition, the subsection 7.4.1 

shows the effect of network latency on application performance. The results before and after 

compression are summarised in Table 7.3. 

 

The results depicted in Figure 7.8 shows that the average latency to Google’s public Domain 

Name Server (DNS) is 279 milliseconds (ms) and connection appears to be stable with no packet 

loss. However, as compared to latency results presented before the GERAN optimisation with 
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queue management, it is evident that the latency is still high. However, the network latency 

results in Figure 7.8 having improved when compared to latency results presented in Figure 7.6.  

 

 

Figure 7.8: Network Latency Test after Compression of PPP WAN Link 

 

Table 7.3 summarises network latency results. The results indicate that after optimisation of the 

WAN link, which accommodates the low bandwidth environment there was packet loss (high 

latency of 598ms). To address the packet loss problem, we compressed the TCP/IP packet on the 

WAN interface, which improved the average latency to 279ms.    

 

Table 7.3: Network Latency Comparative Results 

Results Before PPP Queue 

Management Adoption 

(see Figure 7.4) 

After PPP Queue 

Management Adoption 

(see Figure 7.6) 

After Compression 

(see Figure 7.8) 

Packet loss No Yes No 

Average latency 72ms 598ms 279ms 

 

This section demonstrated how TCP/IP packet compression could improve network latency on 

the slow links. However, it should be noted that the network latency is still high as compared to 
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the test conducted before limiting the PPP network interface using the simple queue management 

mechanism. The network latency is still high because the dowload and upload speed was 

throttled to maximun 256kb/sec on the PPP interface to accommodate the resource-constrained 

environment.    

 

The next subsection focuses on the performance of a web page application using the current 

testbed platform.    

 Network latency effects on application performance  7.4.1

 

The main aim of this sub-section is to measure how fast a web page completely loads after it has 

been requested by the end user under the illustration scenario captured in Section 7.3.4. 

Accessing other content of the web page such as e-mail, IM, e-books and images could be 

addressed by proposed proxy and application servers and Thin Client-Server computing on 

schools’ LAN, which is beyond the scope of this experiment. 

 

In the previous chapter (section 6.4.3), the web application mechanism to access electronic 

educational services such as web based electronic mail (e-mail), Instant messaging (IM), 

electronic books (e-books), video content and web resources (World Wide Web) was proposed.  

To ease access to digital content on school’s Local Area Network (LAN), we proposed 

application and proxy servers components as the required infrustructure for broadband service 

delivery technical architecture for implementation. 

 

Acceptable web browsing response time as recommended by standardisation organisations such 

as 3
rd

 Generation Partnership Project (3GPP), Broadband Forum and International 

Telecommunication Union (ITU) could range between two to four seconds per page (2-4s) 

(Adtran White Paper, n.d.).          

 

In the scenario captured in Figure 7.9, we used Mikrotik RouterOS ping command to test the 

website’s response time by sending ICMP echo packets to a YouTube, Google, Microsoft and 

Yahoo websites. As indicated in Section 2.2.1 and Section 5.4.1, these websites could facilitate 

could facilitate e-learning content. As illustrated, the maximum average response time measured 
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between four websites was 559.5 ms (0.5595s), which is within the web latency benchmark 

recommended by Adtran White Paper (n.d). The results are only focusing on the round-trip time 

(RTT) to respective web servers.  

 

 

Figure 7.9: Web Servers Response Time 

 

In addition to ping tets conducted above, the Dotcom-monitoring tool was used to test the time it 

takes to load identified websites of different designs. Dotcom-monitor was used because it is 

capable to do load time testing of all page elements from verious browsers, including mobile 

browsers. In addition, the latency could be reduced by using local (South African) test server, 

which could provide more accurate results. The process followed to test the loading time using 

compressed PPP WAN link configuration is described in Figure 7.10 below. 



140 

 

 
Figure 7.10: Process Followed to Test the Educational Resources Websites 

Figure 7.10 above depicts the websites that contains educational resources, perfomance testing 

process and the results summary. The purpose of this experiment was to test loading time of 

identified website. 

 

Drawing from the results presented in Figure 7.11 and Figure 7.12,  the average time it takes to 

load the webpages depends on the size of the website. The data rich websites such as Youtube 

and Microsoft take longer than websites such as Google. The results shows that on average it 

takes 2.5 seconds to load webpages with less data rich content and 5 seconds to load data rich 

websites.  

   

 

Figure 7.11: Webserver Page Loading using Dotcom-Monitoring tool 
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Figure 7.12: Webserver Page Loading using Dotcom-Monitoring tool 

 

As discussed in previous chapter (section 6.4.3), the web application was proposed as a 

mechanism to access verious educational content in proposed technical architecture for 

implementation. We proposed  proxy servers components as the required infrustructure to reduce 

the response time for data rich content websites such as YouTube and google education tested 

above. Using web application mechanism addresses application component of proposed 

BSDCM.    

 

This section presented the experimental evaluation of the proposed broadband services delivery 

model. The evaluation measured how TCP/IP packet compression could improve network 

latency on the slow links. Furthermore, the section demonstrated web browsing response time 

and web page loading time which could be used to access various educational contents in 

electronic platform.   

 

The following section discusses the significant of experiment conducted in Section 7.3. 
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7.5 Significant of experimental results 

 

The main aim of this experiment was to test how fast web pages can completely load using the 

implementation of Van Jacobson’s TCP/IP header compression on PPP link protocol. In Chapter 

Six, the researcher investigated and developed the broadband service delivery conceptual model 

that could address the challenges of lack of digital educational content faced by resource-

constrained public high schools. The existing infrastructure component of a developed 

conceptual model encouraged utilisation of existing ICTs to build sustainable, less complex and 

cost-effective broadband service delivery model for resource-constrained environment.  

 

Furthermore, an application component promotes the adoption of cross-platform applications, 

such as the web to deliver various educational services and content in different computing 

platforms. As highlighted in Section 6.3.2, the application should be compatible with multiple 

operating systems and work on different types of end-user devices such as mobile phones, 

tablets, laptops, and so forth. In this experiment web application was used to meet device 

agnostic requirement.  

 

To meet the utilisation of existing infrastructure and application requirements, we re-used 

existing GERAN wireless access technologies to test web pages’ response time after the 

implementation of a TCP/IP header compression on PPP link protocol. To address scalability 

requirement of general SDP, we chose to use GERAN technology access network as it is 

available in most part of South Africa.         

 

From the scenario presented in sub-section 7.3.4, the results have shown that the compression of 

TCP/IP header over PPP WAN link could potentially improve the response time to access web 

pages. The web application could be used as a mechanism to access various educational services 

summarised in sub-section 6.4.2. These experimental results could significantly address the 

limitation of access to teaching and learning information in electronic platforms in the resource-

constrained environments.  
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The experiments and results are based on using Huawei Broadband USB Modem and Mikrotik 

Router Board OS ICT equipment. However, other different vendors’ devices having more or less 

the same features and tools could achieve the same results. 

7.6 Comparative Analysis 

 

This section presents additional evaluation results in the form of comparative analysis. The 

comparative analysis technique was conducted to measure the effectiveness and usefulness of 

proposed service delivery model against other MSDPs. As Hevner et al. (2004) explained, the 

design evaluation guideline of the Design Science Research process seeks to observe and 

measure the artefact, to determine how it supports the solution to the problem. Comparative 

analysis was conducted to assess the proposed solution against existing solutions, focusing on the 

benefits and drawbacks of solutions in the resource-constrained environment context.   

 

According to Pickvance (2005), comparative analysis as a research design focuses on the 

explanation of differences and similarities of different variables. The comparative analysis used 

for evaluating the proposed model against other MSDPs studied in literature (Chapter Three) is 

based on a qualitative comparative analysis approach (QCA). The QCA method empirically 

examines the relationships between the different outcomes (variables) of interest (MSDPs in this 

study) and the  availability  of its predictors (minimum SDP requirement) (Li, Tao &Wang, 

2015). 

 

The comparative evaluation of proposed service delivery model against other existing MSDP is 

summarised in Figure 7.5. The minimum requirements of general SDP were used as guidelines to 

measure existing MSDPs and proposed broadband services delivery model. A detailed 

explanation of the evaluation follows in the next paragraph. 

In Chapter Three, the researcher explored various MSDPs through the literature, the researcher 

identified that most MSDPs do not meet all the general requirements that SDPs should address, 

particularly in the resource-constrained environments. Table 7.4 demonstrates a comparative 

analysis of proposed model with other MSDPs against the SDP general requirements.  
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Drawing from Table 7.4, it is evident that the majority of existing MSDPs are not suitable for 

resource-constrained environments. The platforms such as Service Platform for Innovative 

Communication Environment (SPICE), Service Platform for Reconfigurable and Intelligent 

services in Next Generation mobile communication (SPRING) and  IP Multimedia System 

(IMS)-based platform depends on Next Generation Networks (NGN) All-IP mobile and fixed- 

access networks, which requires significant bandwidth.  However, drawing from the literature, 

the penetration of broadband in the resource-constrained environment still remains a challenge in 

South Africa (ITU, 2014; ITU & UNESCO, 2015). Therefore, these platforms could not meet 

availability (from rural context) requirements of general SDPs. 

 

In terms of addressing the accessibility and ease of use requirements, the literature has shown 

that platforms such as IMS, Mobi4D, SPICE, and SPRING are very complex and costly to 

deploy and still do not offer the flexibility that end-users expect. The Mobi4D and SPICE are 

based on Java application programming interface (API) for Integrated Networks Service Logic 

Execution Environment’s (JAIN SLEE) architecture, the complexities of the Mobicents JAIN 

SLEE platform and the resources, such as timers and external databases, have a major impact 

over the scalability and performance of the platforms. 

 

The proposed broadband service delivery model seeks to address the gaps identified in Table 7.4 

as follows: 

 

 Availability (from rural context): The existing infrastructure component of proposed 

model encourages the re-use of existing access networks to delivery digital content in the 

resource-constrained environments. 

 Scalability and Performance: This requirement was addressed in the required 

infrastructure component of technical architecture of proposed model, which promotes 

the use existing ICT infrastructure (network technologies). The required infrastructure 

addresses some of the short comings of the existing ICT infrastructure.  

 Accessibility and Ease to use: The Application (Access Mechanism) component refers 

to cross-platform application such as web to deliver services in different computing 

platforms.   
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Table 7.4: Comparative Analysis of Proposed Model against the SDP Requirements 

Minimum 

Requirements 

Mobi4D 

Platform 

SPRING 

Platform 

SPICE 

Platform 

OPUCE 

Platform 

IMS 

based 

Platform 

BSDCM 

Minimal total life 

cycle cost 

√ √ √ √ × √ 

Ease of Use and 

Accessibility 

× × × √ × √ 

Synergies and 

Interoperability 

× √ √ √ √ √ 

Bearer and Device 

Agnostic 

√ √ √ √ √ √ 

Re-usable Modules √ Unknown √ √ √ √ 

Flexibility And 

Extendibility 

√ √ √ √ × √ 

Leverage Available 

Skills 

√ × × × × N/A 

Scalability  × √ √ √ √ √ 

Availability (from 

rural context) 

√ × × √ × √ 

Performance × √ × √ √ √ 

 

Although proposed BSDCM addresses some of the limitations, it is important to note that the 

proposed model does not consider other general SDP requirements such as leveraging on 

existing skills within the resource constrained environments.  

7.7 Chapter Summary  

 

The main objective of this chapter was to measure the effectiveness and usefulness of the 

proposed broadband service delivery model against the requirements of the SDPs. This was 

achieved by evaluating the proposed model against other existing MSDPs. To address some of 

the short comings of existing MSDPs such as complexity, scalability and performance, 

controlled lab experiments in the form of simulation and visualisation were conducted. To 
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improve the performance over low-speed WAN link reported in the GTM case study, we opted 

to compress the IP packet by using of PPP data link protocol compression technique. The 

experimental results could significantly address the limitation of access to teaching and learning 

information in electronic platforms in the resource-constrained environment.  

 

The experiment only focused on the performance improvement of the access network element of 

required ICT infrastructure component of technical architecture. This was achieved by 

implementing the TCP/IP header compression of PPP interface to accommodate low-speed links; 

the idea was to avoid the transmission of redundant information on the network as far as 

possible. Furthermore, when testing network latency, we concentrated on the amount of time it 

takes to reach the web server after it was requested by the end user. In addition the loading of 

rich content such as multimedia services was also tested in this experiment. It is, however, worth 

mentioning that with the implementation of proxy servers and thin client computing as proposed 

in the previous chapter (see Sub-section 6.4.5) the delivery of data-rich content could be 

improved.    
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Chapter 8- Conclusion and Recommendations 

 

 

 

Figure 8.1: Chapter 8 Layout 
 

8.1 Introduction 

 

This final chapter consolidates and summarises the findings of the research by focusing on the 

problem statement, research objectives and research questions in Chapter One. Furthermore, we 

highlight the significance of the proposed broadband services delivery model. The identified 

challenges and limitations of the study are also discussed. The chapter also gives 

recommendations for future research based on the limitations.   
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The chapter is structured as follows: Section 8.2 describes how research problem and objectives 

were addressed. Section 8.3 outlines how main research question and five (5) supporting 

questions raised in Section 1.5 of Chapter One were addressed. The significant and the key 

aspect of proposed Broadband Service Delivery Model were described in Section 8.4. Section 

8.5 of this chapter briefly explained the direct and indirect contributions of the study. Limitations 

of this study are explained in Section 8.6. Recommendations and future were presented in 

Section 8.7. The chapter concludes with final conclusion statement in Section 8.8. 

8.2 Addressing the Research Problem and Research Objectives 

 

Broadband infrastructure is of critical importance to bridge the digital gap between the rural and 

urban schools in South Africa. However, in South Africa, schools located in resource-

constrained environments have low or non-existing broadband infrastructure (DOC, 2013). 

According to Anderson et al. (2012) and Herselman & Botha (2014:1), a resource-constrained 

environment is an environment where there are low-income communities, low bandwidth,  

power and network connectivity are scarce and expensive and cultures where people are 

unfamiliar with or afraid of technology. The lack of broadband infrastructure in the resource-

constrained environments is attributed to a number of challenges, such as lack of electricity, 

security, fixed-line deployment costs and maintenance, poverty, lack of technical skills and 

geographical landscape.  

 

To address some of the challenges, the study was undertaken to investigate and develop a 

broadband services delivery model using existing Global System for Mobile communication 

(GSM) and Enhanced Data rates for GSM Evolution (EDGE) (GERAN) wireless technologies as 

the foundation to provide limited access to digital learning information to resource-constrained 

public schools. This objective has been met: the broadband service delivery conceptual model 

(BSDCM) suitable for resource-constrained environments was developed in Chapter Six (see 

Section 6.3) and its technical architecture for the implementation proposed BSDCM was 

evaluated in Chapter Seven.  

 

In addressing the research problem and research objectives, the study employed the Design 

Science Research (DSR) methodology to develop and evaluate a broadband services delivery 
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model suitable for resource-constrained environments. To complete the relevant cycle of 

Information Systems Research Framework of DSR, the exploratory case study was conducted in 

the resource-constrained public high schools located within the Greater Tubatse Municipality 

(GTM).  

 

This study was guided by one (1) main research question and five (5) supporting questions. The 

next section describes how the research questions were addressed.     

8.3 Addressing the Research Questions  

 

The aim of this section is to address the main research question and five (5) supporting questions 

raised in Section 1.5 of Chapter One.  The main research question was as follows: 

 

What is the appropriate model for delivering broadband services (e.g. digital learning 

information) to resource-constrained public high schools in South Africa? 

 

The objective of this main question was to identify and develop a broadband services delivery 

model using GSM and EDGE wireless technologies to resource-constrained public high schools 

in South Africa. The choice of GSM and EDGE wireless technologies as the access technology 

was motivated by popularity, high availability, fast growing and easy to access of GERAN 

technology as expressed by Axelsson et al. (2006) and Louw & Dörflinger (2010). 

 

 In this section, we begin by reviewing how supporting questions were answered.  

 

The following supporting questions (SQs) from Chapter One (see Section 1.5) are restated to 

assist in addressing the main research question and accomplishing the main objective of this 

study: 
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Table 8.1: Supporting Questions and Objectives Achieved 

Supporting Questions Objective Achieved 

SQ-1: What challenges are faced by resource-

constrained public high schools regarding the lack 

of access to digital learning information? 

Conducted an exploratory case study in the 

resource-constrained public high schools located 

within the GTM and literature review to highlight 

some of the challenges faced by educators and 

learners regarding lack of access to learning 

information in electronic platforms. The challenges 

are summarised in Table 8.2. 

SQ-2: What are the value-adding services and 

digital content considered by public high schools as 

relevant and useful? 

 

This question was addressed in the form of 

exploratory case study and literature review. 

Accessing real-time material over Internet was seen 

as the main requirement for teaching and learning 

in the classrooms.  

SQ-3: What broadband Mobile Service Delivery 

Platforms (MSDPs) are available to address value 

adding services and digital content problems 

required by resource-constrained public high 

schools? 

Chapter Three of this research explored existing 

MSDPs, focusing on basic requirements of general 

Service Delivery Platform (SDP) and the benefits 

and limitations of existing platforms. 

SQ-4: How to design an appropriate broadband 

service delivery conceptual model for seamlessly 

delivering broadband services (e.g. digital learning 

information) to resource-constrained public high 

schools? 

In Chapter Six, proposed BSDCM was investigated 

and developed and its technical architecture for the 

implementation was also presented. 

SQ-5: How relevant and useful is the proposed 

broadband service delivery model as compared to 

other existing broadband service delivery models? 

 

To measure the effectiveness and usefulness of 

proposed BSDCM, Chapter Seven conducted 

comparison analysis and technical evaluation of the 

proposed model using controlled experiments in a 

lab environment. 

 

Review of supporting questions and objectives is summarised as follows: 

 What Challenges are faced by Resource-Constrained Public High Schools 8.3.1

Regarding the Lack of Access to Digital Learning Information? 
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The objective of the first supporting question was to identify the challenges faced by resource-

constrained public high schools regarding the lack access to digital learning information. To 

address this supporting question, an exploratory case study was conducted in the resource-

constrained public high schools located within the GTM. Chapter Five specifically Theme 4 (see 

sub-Section 5.4.4) of the case study results, highlighted some of the challenges faced by 

educators and learners regarding lack of access to learning information in electronic platforms. 

The main themes, research questions, and some of the challenges were summarised in Table 5.2. 

Furthermore, through the literature conducted in Chapter Two, particularly Sub-section 2.2.3, it 

was highlighted that South African public schools still have challenges of lack of ICTs, 

particularly schools in resource-constrained environments. The challenges are briefly 

summarised in Table 8.2. 

 

  Table 8.2: Summarised challenges of lack of ICTs resource-constrained public high schools 
Research Supporting Question Results 

What challenges are faced by resource-constrained 

public high schools regarding the lack of access to 

digital learning information? 

 

 Poor performance of learners;  

 Limited resources for teaching ;  

 Learners and teachers are excluded from 

digital world;  

 Traveling costs and Information sharing 

within learners & other schools; 

 Lack of ICT skilled and experienced 

teachers; 

 Remotely situated rural schools; 

 Expensive Internet access and equipment; 

 Resistance to technological changes. 

       

 What are the Value-Adding Services and Digital Content Considered by Public 8.3.2

High Schools as Relevant and Useful? 

 

This supporting question explores value-adding services and digital content considered by public 

high schools as relevant and useful for teaching and learning. This question was also addressed 

in the form of exploratory case study in Chapter Five Themes 1 and 3 identified value adding 



152 

 

services and content considered by resource-constrained public high schools, particularly in 

GTM. Both themes identified the existing ICTs and also general ICTs requirements for teaching 

and learning that resource-constrained schools may not have. Sub-section 5.4.1 and Sub-section 

5.4.3 summarised the requirements for teaching and learning using digital learning information.  

 

Drawing from the literature and case study findings, it was reported that having access to real-

time material such as video, Interactive teaching programs (ITP) and web services through 

reliable Internet connection was seen as the main requirement to facilitate teaching and learning. 

Some of the value-adding services digital content derived from the themes and literature are 

summarised as follows: 

 

 Video services (e.g. YouTube, video conferences,); 

 Web services (e.g. to access previous papers, Siyavula and research); 

 E-mail (e.g. communicate with other educators and department correspondence); 

 E-books (access to latest books in electronic format);  

 Internet connectivity; 

 Computer skills; 

 Educational games; and 

 Interactive teaching programs (ITP). 

 What Broadband Mobile Service Delivery Platforms (MSDPs) are Available to 8.3.3

Address Value Adding Services and Digital Content Problems Required by 

Resource-Constrained Public High Schools? 

 

The objective of the third supporting question was to explore and discuss a number of existing 

MSDPs that could be used to facilitate delivery of educational services in digital platforms to 

public high schools situated in resource-constrained environments. In Chapter Three, an 

extensive literature review was conducted, focusing mainly on basic requirements of a Service 

Delivery Platform (SDP) and the benefits and limitations of existing MSDPs for resource-

constrained environment deployment. Basic requirements of SDPs could also serve as the 

foundation of proposed broadband services delivery model. Drawing from the literature review, 

existing MSDPs were discovered to have some limitations, such as: 
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 Complexity;  

 Lack of suitability for resource-constrained environments;  

 Not accessible;  

 Lack of ease to use; and 

 Required significant bandwidth to deliver digital content.  

 

The gaps identified in the literature review were taken into consideration when designing the 

proposed broadband service-delivery model.    

 How to Design an Appropriate Broadband Service Delivery Conceptual Model for 8.3.4

Seamlessly Delivering Broadband Services (e.g. digital learning information) to 

Resource-Constrained Public High Schools? 

  

The purpose of this supporting question was to investigate and develop a suitable BSDCM that 

could address the challenges raised in the literature review (Chapter Two and Three) and GTM 

case study findings (Chapter Five). In Chapter Six (see Section 6.3), the BSDCM was designed 

based on a set of requirements developed from the themes derived from the GTM case study as 

discussed in Chapter Five (see sub-sections 5.4.1 and sub-section 5.4.2), and summarised in 

Table 5.2. In addition, Section 6.4 presented the technical architecture for the implementation of 

proposed BSDCM, the basic requirements of general SDP outlined in Chapter Three (see Section 

3.3), existing infrastructure, required infrastructure, applications and digital educational services 

components were the derived building blocks for the technical architecture. 

 How Relevant and Useful is the Proposed Broadband Service Delivery Model as 8.3.5

Compared to the others? 

 

The aim of this supporting question was to measure the effectiveness and usefulness of proposed 

BSDCM against the requirements of the general SDPs. In Chapter Seven (see Table 7.1), the 

proposed BSDCM was evaluated against the requirements of general SDPs. The evaluation 

results indicated that the proposed model from the theoretical perspective conforms to the 

MSDPs requirements.  
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In addition to theoretical evaluation, it was essential to conduct the technical evaluation of the 

proposed model using controlled experiments in a lab environment to accommodate complex 

resource-constrained environments. The main aim of these experiments, amongst other tests, was  

to measure how fast web pages can completely load and reach the server using the Dotcom-

Monitor testing tool and ping tests. This was done after the implementation of Van Jacobson’s 

Transmission Control Protocol over Internet Protocol (TCP/IP) header compression on Point to 

Point Protocol (PPP) link protocol over the slow network connection using GSM and EDGE 

wireless technologies. The results have shown that the compression of TCP/IP header over PPP 

Wide Area Network (WAN) link could potentially improve the response time to access web 

pages. The web application could be used as a mechanism to access various educational services 

summarised in Sub-section 6.3.2. 

 

The Sub-sections 8.3 above briefly discussed how the supporting questions (SQ1-SQ5) were 

addressed. Figure 8.2 summarises how the supporting research questions were addressed in this 

thesis. 

 

Figure 8.2: Supporting Research Questions  

 

The objective of this main question as indicated in Section 8.3 was to identify and develop a 

broadband services delivery model using GSM and EDGE wireless technologies to resource-

constrained public high schools in South Africa. The answer to the main research question was 

presented in Chapter Six. Section 6.3 presented the BSDCM that could potentially facilitate 

access to broadband services since it considers existing ICT resources in the resource-

constrained environment. Evaluation activity demonstrated that the BSDCM could provide a 

good platform to deliver broadband services with the limited bandwidth. 
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In this section, the goal was to review the supporting research questions, and the extent to which 

they were addressed to satisfy the main research problem. The next section, Section 8.4, 

discusses the significance and the key aspects of the proposed BSDCM.     

8.4 Significance and key aspects of Proposed Broadband Service Delivery Model 

 

Drawing from the literature, the majority of existing broadband service delivery platforms have 

some limitations such as complexity, not suitable for rural deployment, not accessible and 

requirements for significant bandwidth. To address these limitations, we proposed a cost-

effective and less complex BSDCM that could enable delivery of broadband services using 

available wireless technologies in the resource-constrained environment. The proposed BSDCM 

is made up of both technical and non-technical components that consider the requirements of all 

role players, ICT challenges, policy makers and Information Communication Technology for 

Education (ICT4ED) interventions. The relationships and detailed functions of model 

components were discussed in Section 6.3. The key components of the proposed BSDCM as 

outlined in Section 6.3 are summarised as follows: 

 

 Education Challenges: Limited Educational Resources, Crime and Infrastructure; 

 Universal Access: Infrastructure, Affordable Internet, and Education; 

 ICT4ED Role Players: Community, Educators, Learners, DBE and NGOs; 

 Educational Services: Digital Content, Internet Access and Interactive Teaching 

Program (ITP); 

 Applications: Compatibility, Device-Agnostic, Easy to Support and Heterogeneous 

Networks;  

 Existing ICT Infrastructure: Networks, Devices and Software; 

 Required ICT Infrastructure: Affordable, Easy to Maintain and Suitable for the 

Environment; and 

 Policies and Processes: DBE ICT Policies, DBE Programs and ICT4ED White Paper.   

8.5  Research Contributions 

 

Various South African government departments in partnership with Non-Government 

Organisations (NGOs) introduced a number of programs and projects to support traditional 
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teaching and learning using modern ICTs. Therefore, owing to a lack of a suitable broadband 

services delivery model to deliver educational content in resource-constrained environments, this 

study developed and evaluated a broadband services delivery conceptual model.  The 

contributions of the research study are divided into direct and indirect contributions and they are 

briefly explained as follows: 

 

Table 8.3: Direct and Indirect Research Contributions 
Direct Contribution Indirect Contribution 

Provides a holistic and consolidated understanding of the 

teaching and learning challenges faced by resource-constrained 

public schools in the digital era. 

Informs other ICT4ED stakeholders about the nature 

of value adding services and content considered by 

high schools as relevant and useful. 

  

Understanding the existing and new ICT requirements for 

teaching and learning. 

Demonstrates the impact of ICTs adoption in the 

resource-constrained high schools in GTM and 

Significantly contributes to the DBE’s programs such 

as Operation Phakisa ICT in Education Lab and 

turnaround plan called Action Plan 2014 towards the 

realisation of Schooling 2025. 

Designed, developed, and evaluated a unique artefact that 

appreciates existing technologies in resource-constrained 

environments and also allows for the deployment of new ICT 

infrastructure. The model also compensates for the low speed 

Internet connectivity to facilitate the delivery of digital services 

and content to resource-constrained public high schools 

Proposed BSDCM could be used by Internet Service 

Providers (ISPs) to deliver other broadband services 

not related to teaching and learning in rural areas. 

 

 

 

 

8.6 Limitations of the Study 

  

Section 1.8 has shown that this study was limited to resource-constrained public schools based in 

Greater Tubatse municipality (GTM) in the Limpopo province. The case study findings cannot 

be directly generalised to other resource-constrained municipalities in South Africa. Other 

resource-constrained municipalities might have unique problems such as geographical location 

and state of existing communication infrastructure might be different to GTM.  Due to time and 
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resource limitations, the researcher focused on the ten (10) resourced-constrained high schools in 

the GTM. The researcher focused on secondary schools because of a high demand of ICTs in 

high schools as compared to primary schools.  

 

Section 1.8 also explained that the study only focused on the utilisation of wireless access 

technologies available in the GTM. Due to a lack of other access technologies discussed in 

Section 2.3, the choice of access technology for implementation and evaluation of proposed 

BSDCM was influenced by current GERAN wireless technologies. 

 

A further limitation is that the experimental evaluation focused mainly on application and 

infrastructure components of technical architecture for implementation of BSDCM. Furthermore, 

the experiment addressed availability, performance, scalability and bearer and device agnostic 

general SDP requirements. The assumption was made that users in the resource-constrained 

environments should be able to support the model, especially since existing ICTs resources are 

leveraged. 

8.7 Recommendations for Future Research 

 

This section presents the recommendations for other researchers, policy makers and all ICT4ED 

stakeholders who may want to adopt the proposed BSDCM in a real environment. Based on the 

research findings, the results show that having access to learning material in electronic platforms 

could afford educators and learners the opportunity to interact with the outside world, improve 

learning and teaching and also could benefit the community as the whole. The proposed model 

addressed some of the challenges regarding lack of access to educational content. However, there 

are still limitations, which may require further research and development. 

 Network Technologies 8.7.1

 

The proposed model was developed and evaluated based on access network technologies. In 

order for the content providers to benefit from the proposed model, it is recommended that 

proposed BSDCM be tested on their backhaul network infrastructure. Furthermore, although the 

proposed BSDCM encourages the re-use of existing popular GERAN technologies to deliver 

broadband services, comparison analysis with other network technologies should be conducted to 
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establish if the TCP/IP header compression on PPP protocol improves the performance of the 

network.      

 

It is also appreciated that experiments are limited in providing an assessment that is totally close 

to reality, and as such our experiments would need to be replicated in a real-world settings in 

these resource-constrained areas so that unforeseen challenges could also be noted and observed 

so that the model could also be improved.   

 Content Access Mechanism 8.7.2

 

The experimental evaluation of proposed BSDCM focused mainly on the network and web 

application components of technical architecture. Accessing other data-rich services such as 

video was not tested in the Thin Client computing and proxy server platforms. It is recommended 

that researchers should conduct further experiments to test if other various third-party content 

providers can create and deploy various educational services and content for different computing 

platforms. 

 ICT4ED Policies 8.7.3

 

Drawing from the literature and case study findings, it was noted that mobile devices are seen as 

a vital tool to facilitate teaching and learning in the classrooms. However, the majority of 

educators discourage the use of mobile devices in the classrooms citing theft and discipline 

among other reasons. To promote the use of ICTs by both learners and educators in the 

classrooms, it is highly recommended that policy makers introduce the policies governing the use 

of mobile devices in the classrooms.  

8.8 Concluding Statements 

 

This study focused on addressing the challenges faced by resource-constrained public high 

schools regarding lack of access to education content in electronic format.  Furthermore, the 

study adopted Design Science Research (DSR) methodology to design and evaluate the proposed 

BSDCM that could potentially address these challenges. To promote the use of ICTs in the 

classroom, it is envisaged that more interventions would emerge with regard to policy guidelines 

governing the use of ICTs in public schools from all the stakeholders. 
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Chapter 6 of this study outlined the minimum requirements of BSDCM suitable for resource-

constrained public schools. The proposed BSDCM was also developed, identifying the main 

components that provide the guidelines. The technical components derived from conceptual 

model were used to develop broadband service delivery technical architecture for 

implementation in the resource-constrained public high schools. In Chapter 7, the proposed 

BSDCM was evaluated using extensive simulations, visualisation tools and comparative analysis 

to evaluate the effectiveness of a proposed broadband service delivery conceptual model. 

Findings from experimental evaluation has shown that compression of TCP/IP header over PPP 

Wide Area Network (WAN) link could potentially improve the response time to access web 

pages. This study will also inform other researchers about the nature of value adding services and 

content considered by high schools as relevant and useful. In addition, the findings will then 

inform the state of network access technologies in the rural areas.   
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Appendix A-Case Study Interview Schedule 
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Appendix B- Published Conference Paper 

 

Pholotho, T. and Mtsweni, J., 2016. Barriers to electronic access and delivery of educational 

information in resource constrained public schools: A case of Greater Tubatse Municipality. 

In IST-Africa Week Conference, 2016 (pp. 1-9), Durban, South Africa, 11-13 May 2016.  

 ISBN: 978-1-905824-54-0. 
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