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Abstract 

 

There is a general consensus that an investment in ICT infrastructure provides benefits to the 

economy and that countries with a weak infrastructure of fixed telephone lines can leapfrog 

this difficulty by adopting mobile technology. There is also a large body of literature that 

supports the notion that telecommunication (telecom) technology and cellular phones are 

beneficial for economic growth and that good spectrum allocation is beneficial to social 

welfare and economic growth. 

The research presented here analyses the relationships between telecommunication 

penetration, radio frequency planning and other relevant factors. In the process, the idea is to 

determine critical success factors in order to gain maximum social and economic benefits 

from these technologies. One of the research objectives is to investigate some of the links 

between transaction costs, telecommunications and economic welfare indicators. 

The research describes some empirical analyses based on information given in World Bank 

reports, ITU reports and others. The empirical analysis entails some regression studies and 

applications of linear response surface analysis techniques (LRSA). 

In this process, a database was collected regarding the telecom, social, economic and other 

factors in each country for a dataset consisting of 160 countries of which 48 are on the 

African continent. The idea is to analyse international data in order to find correlations and 

relationships and from these, to create a framework for a decision support system (DSS) for 

countries in a development process. 

It is argued that such a DSS can help countries in a development phase to assess their 

situation and based on that, to structure their telecommunications environment optimally. 

Possible benefits and uses of such a DSS are illustrated by evaluating specific countries, 

using benchmarking.  
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Uittreksel 

 

Daar is algemene konsensus dat beleggings in IKT-infrastruktuur voordele inhou vir die 

ekonomie van ŉ land en dat lande met swak infrastruktuur byvoorbeeld ten opsigte van 

landlyne vir telekommunikasie dikwels deur middel van selfoontegnologie ŉ sprong kan 

bewerkstellig na beter telekommunikasie-infrastruktuur. 

Daar is ook heelwat indikasies in die navorsingsliteratuur dat telekommunikasietegnologie en 

selfone ekonomiese groei stimuleer en dat oordeelkundige toekenning van spektrum 

voordelig is vir maatskaplike en ekonomiese welvaart.  

Hierdie navorsing ontleed verwantskappe tussen radiofrekwensie-beplanning en ander 

toepaslike faktore op die proliferasie van telekommunikasietegnologie. 

In die proses hiervan sou dit ideaal wees om die kritiese suksesfaktore te identifiseer sodat 

maksimum voordele vir ekonomiese groei en sosiale ontwikkeling verkry kan word. 

Een van die navorsingsdoelwitte is ook om verwantskappe te ondersoek tussen 

transaksiekoste van telekommunikasie met ekonomiese-welvaartindikatore. 

Die navorsing in hierdie proefskrif gebruik empiriese ontleding gegrond op inligting in 

Wêreldbankverslae, ITU-verslae en ander. Die empiriese navorsing gebruik ook 

metodologieë soos regressie en lineêre-responsvlakontleding (LRSA). 

 

In hierdie proses is ŉ databasis opgestel van telekommunikasie-, maatskaplike en ekonomiese 

faktore in elke land. Die datastel bestaan uit 160 lande waarvan 48 van die Afrika kontinent 

is. Die basiese idee is om hierdie internasionale data te ontleed om korrelasies en 

verwantskappe te vind sodat ŉ raamwerk opgestel kan word vir die ontwikkeling van ŉ 

besluitsteunstelsel (BSS) vir lande in ŉ ontwikkelingsproses. 

Daar word aangevoer dat sodanige BSS lande in ŉ ontwikkelingsfase kan help om hulle 

situasie te assesseer en op grond daarvan hulle telekommunikasie-omgewing optimaal 

struktureer. Die moontlike voordele en gebruike van so ŉ BSS word geïllustreer deur 

spesifieke lande te evalueer deur van normbepaling gebruik te maak. 
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CHAPTER 1 

INTRODUCTION 
 

1.1  Introduction 

 

This chapter covers a general background, problem statement, aims and objectives, tasks 

envisaged, general overview of the research methodology and a summary of the thesis. It also 

provides an overview of the history of telecommunications technologies including 

telecommunications networks and their benefits. 

1.2  General Background 

 

There is a general consensus that telecommunications technology can be instrumental to 

deliver previously unheard of benefits to societies; benefits to both small and large business 

enterprises that could eventually lead to economic growth. In the developing world, there is a 

severe lack of fixed-line telecommunications infrastructure and many researchers believe that 

the advent of cellular communications and wireless technology can help these countries to 

―leap frog‖ towards a ―better life‖ using these methods. 

There are, however, many factors that may severely limit these expectations. One is for 

example that true wireless communication remains expensive. Another is that factors like 

general economic freedom and trade freedom are often lacking in many developing countries. 

The judicious and fair allocation of radio frequencies, which has become a valuable scarce 

resource in most countries, also plays an important role. The essence of this role is that it 

provides new opportunities for a marketplace for cellular device operators to flourish and 

compete. This usually leads to a reduction in communication costs. 

One of the aims of this study (see Section 1.5) is to consider these factors by making 

international comparisons based on data obtained from the ITU, World Bank and other 

sources. 
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The relationships between these factors and telecommunication proliferation are often a 

poorly understood field, and in spite of many papers in reputable journals, they remain a 

challenge.  

While many viewpoints have been expressed in literature, the problem that remains is to 

determine what should be done for a specific country. A situational audit for a specific 

country is obviously desirable as well as proposals aimed at the improvement of 

telecommunication proliferation. There is thus a need for a methodology to conduct a 

situational audit of a specific country aimed at measuring the relevant attributes that are 

important. 

One of the contributions envisaged for this dissertation/thesis is the creation of methodologies 

that can aid a specific country to overcome some of its weaknesses in the telecommunications 

area and implement specific actions in order to enhance their situation regarding the use of 

telecommunications and related activities to facilitate a better life through economic growth 

and social welfare development. 

The methodology investigated here is data modelling by multiple regression techniques and 

also the use of interpretive techniques such as Linear Response Surface Analysis. The reader 

is referred to Bruwer and Hattingh (1985), Terblanche and Hattingh (1999) and Terblanche 

(2001) for a detailed analysis of this topic. In Chapter 5 these approaches are also fully 

explained. 

The relative successes and failures of countries could be analysed by means of these 

methodologies. This will hopefully help to eventually create a ―blue-print‖ for a country 

wishing to improve its position regarding valuable telecommunications options. 

 

1.3  History of telecommunications 

 

Telecommunication plays an important role in many spheres of human life and there is a 

general consensus that it affects social and economic development globally. 

Telecommunication is enabled by the transmission of signals over a communication channel 

from source to destination for communication purposes and its history can be traced to the 

work of Alexander Graham Bell, Guglielmo Marconi and John Logie Baird. These people are 
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often associated with the birth of the telephone system. Bell invented the first telephone while 

Marconi and Baird are credited with the development of a radiotelegraph system and the first 

working television respectively (Gokhale, 200; Shepard, 2005). 

 

1.3.1 What is telecommunication? 

 

The word telecommunication has its roots in two words: Tele in Greek meaning ―distant‖ and 

communication in Latin meaning ―connection‖. Telecommunication is the transfer of 

meaningful information from one location (the sender, transmitter, or source) to a second 

location (the receiver or destination). Today, the term telecommunications is used in a very 

broad sense to imply the transfer of information over cable (often copper or fibre) or wireless 

media; it includes all of the hardware and software necessary for its transmission and 

reception. 

A first important step in the route towards a modern information society is the ability to 

represent information in digital form as binary digits or bits. These bits are subsequently 

stored electronically and transmitted either as electrical or light pulses over a physical 

network or by broadcast signals between sites. An important advantage of digital 

communication lies in its versatility. Almost any form of information —audio, video, or data 

— can be represented by bits, transmitted, and then decoded back into the desired final form 

at the receiver. As a result, it is usually possible to establish a communications system that 

will transfer the exact types of information in the format needed. 

The term telephony is limited to the transmission of sound over wire or wireless. It connotes 

voice or spoken information and it usually assumes a temporarily dedicated point-to-point 

connection rather than a broadcast connection. In early times, telecommunication implied 

communication by wire, but with the use of radio waves and wireless transmission, it has 

become difficult to make the distinction between telephony and telecommunication. With the 

arrival of computers and the transmittal of digital information over telephone systems, voice 

messages can be sent by using packet switching. Digitisation allows text, images, sound, and 

graphics to be stored, edited, manipulated within the same format which in turn has led to the 

development of multimedia applications. 
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The main components of a telecommunications system are: 

 A transmitter (source) 

 Transmission medium or channel 

 Receiver (destination). 

 

Below is an overview of the major milestones of the very early telecommunications history. 

 

 1837: Samuel Morse invents the telegraph 

 1858: Transoceanic telegraph cable is laid between North America and Europe 

 1876: Alexander Graham Bell invents the telephone 

 1885: Inception of AT&T (American Telephone and Telegraph company) 

 1888: Heinrich Hertz discovers the electromagnetic wave 

 1895: Guglielmo Marconi begins experimenting with wireless telegraph  

(Gokhale, 2004; Shepard, 2005) 

 

As indicated above, the information age began with the telegraph, which was invented by 

Samuel F.B. Morse in 1837. This was the first instrument to transform information into 

electrical form and transmit it reliably over long distances. The telegraph was followed by 

Alexander Graham Bell‘s invention of the telephone in 1876. The magneto-telephone was 

one of the first telephones with which both transmission and reception were performed with 

the same instrument. 

 

After Heinrich Hertz discovered electromagnetic waves in 1888, Guglielmo Marconi 

invented the radio —the first wireless electronic communications system— in 1901. 

Industrialisation in the twentieth century made life faster and more complex. To cope with 

these demands, engineers worked to find new means of calculating, sorting and processing 

information quickly and reliably, which led to the invention of the computer (Gokhale, 2004). 
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The rest of the information given in the next section on telecommunications networks and 

their benefits is sourced mainly from Gokhale (2004) and other sources such as Shepard 

(2005). 

 

1.3.2  Telecommunications networks 

 

In information technology (IT), a network is a series of points or nodes interconnected by 

communication paths. The connection points are known as network nodes or switching 

centers. Networks can interconnect with other networks and can therefore contain 

subnetworks. Every network has a backbone, which is a larger transmission line that carries 

data gathered from smaller lines that interconnect with it. Traditionally, the telephone 

network was the largest network of computers interconnecting networks owned by different 

carriers. The Public Switched Telephone Network (PSTN) still remains the lifeline of most 

communications. The advent of data communications and a need to interconnect computers 

resulted in the emergence of data networks. 

AT&T and other companies soon realised that it is necessary to create infrastructure and 

networks for telecommunications services and that the real business is that of creating and 

maintaining networks that enable customers to communicate and transmit voice/data, and so 

forth. These networks have to possess certain attributes like manageability, reliability and 

general robustness. 

 

1.3.3  Telecommunications networks benefits 

 

Networking computers provide the following benefits: 

 Powerful, flexible collaboration 

 Cost-effective sharing of equipment 

 Software management 

 Freedom to choose the right tool 

 Flexible use of computing power 
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 Secure management of sensitive information 

 Easy, effective worldwide communication. 

 

Internet 

 

The Internet is an important entity that has grown in use over the last decades and this 

stimulates users to connect to the Internet with various computers and cell phone devices. 

An outline of the evolution of the Internet is furnished below: 

 1969: ARPANET as the first prototype of the Internet was funded by the DARPA 

(Defence Advanced Research Projects Agency of the USA Department of Defence) 

and a commitment was made to a standard communication protocol.  

 1978: Unix-to-Unix copy program resulted in the formation of worldwide UNIX 

based communications networks. 

 1981: Development of CSNET (Computer Science Network) and BITNET (Because 

It‘s Time Network). 

 1982: Term Internet is coined. 

 1986: Establishment of NSFNET (National Science Foundation network). 

 1989: CSNET and BITNET merge to form CREN (Corporation for Research and 

Education Networking). 

 1990: WWW (The World Wide Web) becomes part of the Internet. 

 

1.3.3  Classification of data networks 

 

Networks can be characterised in several different ways and classified by the: 

 

  Spatial distance, such as Local Area Network (LAN), Metropolitan Area Network 

(MAN) and Wide Area Network (WAN); 

  Topology or general configurations of networks, such as the ring, bus, star, tree, 

mesh, hybrid and others; 
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  Network ownership, such as public, private or virtual private; 

  Type of switching technology such as circuit, message, packet or cell switching; 

  Type of computing model, such as centralized or distributed computing; and  

  Type of information it carries such as voice and/or data, and so forth. 

 

1.3.4  Telecommunications standards 

 

The broad goal of setting standards for the telecommunications industry is connectivity, 

compatibility, and open networking of communications and computer systems from multiple 

vendors. Standards are documented agreements containing technical specifications or other 

precise criteria to be used consistently as rules, guidelines, or definitions of characteristics to 

ensure that the products, processes and services are suited to their purpose. 

 

A standard provides benefits to users as well as to the industry. It enables users to buy 

components in a competitive open market. At the same time, a standard provides 

manufacturers with a system that accommodates current products and offers a template for 

future product design. Adoption of the standards by any country, whether it is a member of 

the organisation or not, is often largely organised in a voluntary manner.  

 

International Standards Organization (ISO) 

 

A non-governmental organisation established in 1947, the International Standards 

Organization (ISO) is the most prominent worldwide federation of national standards bodies. 

Its mission is to promote the development of standardisation and related activities in the 

world with a view towards facilitating the international exchange of goods and services and 

developing cooperation in the spheres of intellectual, scientific, technological and economic 

activity. 
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International Telecommunication Union (ITU) 

 

Headquartered in Geneva, Switzerland, the International Telecommunication Union (ITU) is 

an international organisation within which governments and the private sector coordinate 

global telecommunications networks and services. 

 

Institute of Electrical and Electronics Engineers (IEEE) 

 

A worldwide technical, professional, and educational organisation, the Institute of Electrical 

and Electronics Engineers (IEEE) promotes networking, information sharing and leadership 

through its technical publishing, conferences as well as consensus-based activities and 

adoption of standards. 

Different countries also have different national regulatory and standards organisations. 

 

Telecommunication policy 

 

Many laws have also been passed in different countries in order to deregulate the 

telecommunications industry in order to create competition in the telecommunications sector 

and examples of these laws in the United States are: 

 

 Communications Act of 1934  

 Public Utility Commissions (PUCs) in 1935 

 Communications Act of 1962  

 Telecommunications Act of 1996. 
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Telecommunications Act of 1996 

 

Regarded as the first major reform to the 1936 telecommunications legislation that 

established the Federal Communications Commission (FCC), the Telecommunications Act of 

1996 deregulated local phone markets with the intent of making telecommunications services 

(an industry known for its bureaucracy) competitive. Until its passage, practically all LECs 

(Incumbent Local Exchange Carriers) operated as local franchised monopolies. The act was 

aimed at deregulating the market and increasing competition among service providers. The 

reader is referred to Shepard (2005) and Gokhale (2004) for more information on this subject. 

 

1.4  Problem statement 

 

The proliferation of newer and emerging technologies, especially wireless ones in many 

economies, has resulted into a situation where developing countries with a lack of adequate 

fixed line infrastructure believe it is feasible for them to derive social and economic benefits 

from these technologies. Consequently, many researchers have investigated the relationship 

between telecommunication proliferation and factors such as trade freedom, freedom from 

corruption and other social and economic factors to determine how these communication 

technologies can alleviate some of the problems faced by developing countries especially 

those on the African continent. 

 

From the literature, we can conclude that many empirical studies have been conducted to find 

the main determinants of telecommunication technology proliferation in an attempt to 

determine how best technology growth, especially mobile proliferation technology, can be 

used to improve the social and economic welfare of people in a country. However, in 

analysing telecommunication proliferation and factors contributing to its growth most 

researchers work at an abstract level and though they all agree that telecommunication 

proliferation is desirable, their results are often specialised to a certain dataset or they assume 

a background that is often lacking in a specific country and thus not directly useful. The 

researchers never offer summaries of the important issues or recommendations to improve 

telecommunication proliferation. 
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There is therefore a need to understand the important factors regarding decision variables and 

parameters (uncontrollable variables) in order to identify (let‘s say) a developing country. 

This means that a situational audit has to be clear regarding telecommunications attributes in 

a certain country. It is further essential to understand the role played by the major factors 

influencing proliferation. This also means that the relative importance of these factors are 

required. Only then would it be possible (at least idealistically) to suggest actions that can be 

taken in such a country to stimulate the proliferation of telecommunications technology. To 

know or estimate the effect of these actions the relevant models and relationships have to be 

available. 

 

Few of the research papers available actually recommend actions towards the improvement of 

telecommunication proliferation in specific countries; hence it is the purpose of this thesis to 

make contributions to fill this void by trying to investigate systems that can generate  

performance improvement proposals (PIPs) for telecommunication proliferation in a specific 

country and especially for developing countries. 

 

This will be achieved through the investigation of models using an empirical analysis based 

on multiple regression analysis and the application of the linear response surface analysis 

(LRSA) technique. This is explained in later chapters. 

 

1.5  Research aims and objectives 

 

From considering the results of many of the available literature studies, it was decided to 

accept the general hypothesis that telecommunications technology will generally benefit 

economic growth and social development. This topic has been researched extensively. This 

has further been commented on in Chapter 2 of this thesis and a subset of the references 

referred to are furnished in Chapter 3. 

 

In the research conducted for this thesis, this topic was not investigated further; however, the 

focus is more on the proliferation of telecommunications which in turn is a very important 
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factor in economic growth and social development. This means that the focus in this thesis 

falls on the stimulation of telecommunication proliferation and ways and means to improve it. 

The aims and objectives are therefore to: 

 

1. Investigate existing or new models or relationships that identify the important 

variables (both decision and uncontrollable variables or parameters) that could be 

used to typify the profile of a country regarding telecommunication proliferation and 

applications. A prime example would be to determine the available fixed-line 

infrastructure in a country. This information can then be used as part of the situational 

audit regarding telecommunications for that country (unit). 

2. Using the models and relationships that guide the development and to investigate 

desirable levels of relevant factors that can improve the proliferation of 

telecommunications. 

3. Compare the levels in the second objective above with the situational audit found in 

the first objective. Ascertain whether changes can be made to improve the 

performance of the country. Ideally a decision support system (DSS) could be created 

to help decision makers obtain these improved performance levels. 

4. Create a conceptual framework for a DSS that will diagnose a specific case (country) 

and generate performance improvement proposals (PIPs) taking into account the state 

variables. (The terms uncontrollable variables, state variables, state variables and 

parameters have slightly different meanings but often signify the same things to 

researchers). 

 

The following activities are envisaged to realise these aims and objectives: 

 

 Consider the of units for comparison. In this case these units are countries. Their 

relative progress with telecommunication proliferation and other relevant factors 

contributing to economic growth, social welfare and other considerations are studied. 

Relevant data, on which to base these comparisons, are identified by looking at data 
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from the World Bank, the International Telecommunications Union (ITU) and other 

publications. 

 Explore the various options that countries possess to allocate frequencies by means of 

a literature study. This encompasses strategic issues such as assigning spectrum to 

stimulate mobile growth and other applications. 

 Explore models fitted to the data to establish a basis for relationships and 

interrelationships between the factors under consideration.  

 Identify relevant important factors especially influencing telecommunication 

proliferation. 

 Identify not only the relevant decision variables but also the state or uncontrollable 

variables. (This term is used not only to indicate variables that cannot be changed but 

often to those that are very difficult to do so). 

 Interpret these models and the relationships resulting in better understanding of the 

important issues is also an important activity envisaged. 

 Investigate the feasibility of forecasting to see what changes in the decision variables 

can result in more desirable levels of the chosen response variables (often the 

proliferation of telecommunications). This process must take full account of state 

variables (like the serious lack of infrastructure) that may exist in a certain case 

(country) that may limit the extent to which things can change to more optimal settings 

within a reasonable time frame. Ideally, it is thus an aim to devise a method that yields 

specific recommendations for individual units in order to determine what their present 

situation is, and how these models could be employed to produce performance 

enhancing proposals. 

 Consider the feasibility of designing a tool for decision support that is based on the 

analysis and recommendations flowing from the models and interpretive techniques. 

 Construct specifications for a practical DSS that enables specific units to identify the 

actions that need to be taken to improve their performance. 

 

1.6 Tasks envisaged for creating PIPs 

 

The following tasks are envisaged to create the PIPs: 
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 Study the available data in World Bank, ITU, IMF and other sources in order to 

identify the database that contains the specific units (countries) and the attributes that 

have to be investigated empirically. 

 Conduct an extensive literature study that identifies possible relationships and models 

that can be considered as some of the hypotheses that are tested empirically in this 

research. 

 Fit models to this data in order to explore relationships. Multiple regression 

techniques are one of the techniques envisaged here. 

 Interpret the models to determine the critical success factors and main factors that 

influence the decision making. Interpretive methods such as LRSA (Linear Response 

Surface Analysis) are considered here. The motivation for using LRSA to overcome 

deficiencies in interpreting classical regression models is described in 1.7 below. 

 Design a DSS tool (conceptual framework) that enables specific units to identify the 

actions that need to be taken in order to improve their performance. 

 Test and illustrate the methodology for a chosen subset of the units (countries).  

 

 1.7 Research methodologies 

 

The basic research methodologies that will be employed in the thesis will be: 

 

 Literature Study 

 

This study is focused on articles that identify and explore factors in telecommunications 

(critical decision and state variables) and their effect on desirable response variables in a 

country (like telecommunication proliferation, cost of communications, social and economic 

welfare etc.). 
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 Database 

 

Compile a database from information in World Bank, ITU and other publications that 

measure and evaluate the situation and provide international benchmarks for the different 

attributes for a range of developed and developing countries. 

 

 Empirical Analysis 

 

This approach is aimed at international comparisons of the units identified (countries) to 

establish the profiles of successful and less successful units. 

Exploratory techniques like multiple linear regressions are employed as an aid in this phase. 

Models based on functional relationships as well as empirical models obtained by fitting 

models to data are investigated by testing their applicability to the data stored in the database. 

 

 Interpretation 

 

The effectiveness of interpretive actions is considered using analytical interpretive tools like 

LRSA. The reason for augmenting the analysis and interpretation of multiple regression 

models by using LRSA is necessary since suggestions concerning levels of variables to 

improve the response variable is very difficult using regression models obtained from 

practical observed data. In general, not all combinations of variables are possible in a 

practical situation. LRSA helps to determine the combinations of these observed variables 

that occur in the observed data and are thus feasible to suggest. 

Some researchers are satisfied with denoting ―significant‖ variables by means of stars 

(*,*,…) and then suggesting certain actions for ―significant‖ variables with a certain sign in 

the regression function and other actions for those with a opposite. This method is often of 

little help to suggest combinations of levels of variables with any confidence. LRSA is 

described in Chapter 5 and in Bruwer and Hattingh (1985), Terblanche and Hattingh (1999) 

and Terblanche (2001). 
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 Evaluation 

 

Evaluation and possible uses of the models are investigated by inviting feedback from local 

and international experts at conferences and workshops. 

 

 1.8 Thesis overview 

 

 Chapter 1: Problem Statement: This chapter covers the motivation, problem statement 

and aims as well as the objectives of the research. The history of telecommunications 

and the benefits of telecommunications networks are also covered in this chapter. 

 Chapter 2 furnishes the general background and the literature review. 

 Chapter 3 presents the models and relationships found in literature. This chapter is an 

extension of Chapter 2 with a focus on selected models and relationships that are 

covered in that chapter. 

 In Chapter 4, the data used for the investigation (empirical work) are presented. 

 In Chapter 5, the research environment, research methodology and statistical 

techniques employed are discussed. 

 The dimensions of telecommunication proliferation, integrated model views and 

experimental empirical work are the focus of Chapter 6. 

 Chapter 7 constitutes the empiric evaluation of hypothetical models. 

 Chapter 8 involves performance improvement proposals for the units (countries). This 

chapter covers systems that generate performance improvement proposals for the 

units (countries). 

 The conceptual framework for a decision support system that may be used by 

countries in a development phase to structure their telecommunications environment 

optimally is presented in Chapter 9. 

 Chapter 10 consists of the summary, conclusions and recommendations for further 

research. 
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 1.9 Summary 

 

This chapter constitutes an introduction to the research described in this thesis. Apart from 

delineating the focus of the research, it covers a general background, problem statement, aims 

and objectives, the tasks envisaged, a general overview of the research methodology and a 

summary of the thesis. It also presents an overview of the history of telecommunications 

technologies including telecommunications networks and their benefits. The reason for 

augmenting the analysis and interpretation of multiple regression models by using LRSA is 

necessary since it is very difficult to find suggestions concerning levels of variables to 

improve the response variable using regression models obtained from practical observed data. 
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CHAPTER 2 

GENERAL BACKGROUND AND LITERATURE REVIEW 
 

2.1 Introduction 

 

The chapter refers to literature sources used to identify factors affecting economic growth. 

This is very important in order to better understand factors and forces guiding 

telecommunication development towards the accruement of social and economic benefits, 

since telecommunication proliferation is one of the factors affecting economic growth. This is 

followed by a discussion on the main factors from literature affecting telecommunication 

proliferation.  

 

Many aspects of the role of telecommunications technology in societies have been considered 

in the literature. One of the relationships that draws a lot of attention is the role that 

telecommunications and information technologies play in stimulating economic growth and 

social development. As stated in chapter 1, Sections 1.4 and 1.5 of this thesis, the research 

considered in this thesis accepts that there is an important relationship and that there is ample 

evidence of this in the literature. In the following Section 2.2 below, some of these research 

papers are discussed to substantiate this point of view. 

 

In chapter 1 Sections 1.4 and 1.5, it was stated that the focus of this thesis is to consider the 

ways and means to estimate the proliferation of telecommunications technology and therefore 

Section 2.3 of this chapter investigates some of the main factors that affect this. 

The factors that influence the success of the proliferation of telecommunications and IT 

applications thus have to be identified in order to determine the typical profile of a successful 

country. The motivation for this is the need to identify some of the main factors that influence 

telecommunication development and growth. If the literature on the subject is to be believed, 

this development and growth have desirable effects on economic growth and social 

development in a country. 

 

Before we look at factors affecting telecommunication proliferation, it is necessary to discuss 

factors influencing economic growth of which telecommunication proliferation is one. 
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2.2  Factors affecting economic growth 

 

The growth of the telecommunications industry especially the mobile wireless industry has 

also brought about challenges for telecommunication regulators. This is evident especially in 

the management of the radio spectrum in order to create a competitive market for mobile 

operators and to lower the costs of telecommunications. The need for telecommunications 

liberalisation has rendered frequency planning a priority for policy makers, 

telecommunication regulators, mobile operators and politicians alike. (Levy & Spiller, 1996). 

 

The technical aspects and benefits of good frequency alone constitute only a small part of the 

larger problem. Many researchers have realised that the larger issues are economic freedom, 

freedom from corruption, the regulatory environment, telecommunication technology 

proliferation, and so forth. Hence it is the focus of the next section to look at some of the 

other issues that are involved and their relationship to economic growth and development. 

 

Many researchers have studied the effect of some of the said factors on economic growth as a 

response variable, for example, Jipp (1963), Bebee and Gilling (1976) and Hardy (1980). 

Another popular response that certain researchers have chosen is the proliferation or 

penetration (these names will be used interchangeably) of telecommunications and its 

applications. In this thesis, the focus will fall on the proliferation of ICT as the relevant 

response(s). 

This is still a challenging response to model since there is often a chicken and egg effect. 

 

Policy makers and politicians in general have been concerned by the lack of development and 

low standards of living in certain parts of the world, especially in developing countries where 

the institutional environment differs completely from that of developed countries. Hence, 

attempts have been made to come up with economic growth frameworks that can 

accommodate this unique environment in order to achieve economic and social welfare 

successes in these regions. 



 

19 
 

2.2.1  Economic freedom index and economic growth 

 

The issue of underdevelopment in Africa and the rest of the developing world cannot be 

ignored since a spillover effect of problems from these regions into the developed world is 

unavoidable due to an influx of both legal and illegal refugees into the developed world. 

There is therefore a need to attempt to solve economic growth problems by investigating 

strategies that can be adopted in these regions to develop these economies. Since the 1960s, 

researchers have attempted to explore the relationship between economic growth and basic 

infrastructure and other factors. Friedman (1962) discovered that democracy and economic 

growth are positively related while North (1990) discovered that the institutional environment 

is critical for economic growth. Other researchers such as Scully (1988) and Barro (1991, 

1998) have made attempts to relate various forms of freedom such as economic freedom, 

political freedom and trade freedom to economic growth; their findings were encouraging. 

 

Gwartney et al. (2002) used the Economic Freedom Index (EFI) based on an economic 

growth model to find similar results and so did Hall and Jones (1999) as well as Roll and 

Talbott (2003). 

 

2.2.2  Small business development 

 

A large body of researchers believe that small businesses play a critical role in economic 

growth and social development in both the developing world and the developed world. 

Consequently, many efforts have been made to better understand the factors that affect small 

business growth. 

 

According to Okpara and Wynn (2007), who studied 400 small businesses in Nigeria, the 

following are the main constraints and consequences of small business development. 
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Figure 2.1 Determinants of small business development. 

 

These researchers and many others demonstrate that poor management, corruption, and so 

forth, are some of the constraints to the growth of small businesses while small business 

growth in turn results in economic growth, job creation and poverty reduction as indicated in 

the diagram above.  

 

Some of the sources quoted by these researchers include Harris and Gibson (2006), Saucer 

(2005) and Van Eeden et al. (2004) who have discovered the major determinants of small 

business development and the positive relationship between small business development and 

economic growth. 

 

There is also a general consensus that the problems faced by small businesses in developing 

countries are different from those faced by small businesses in the developed world. The 

problems faced by businesses in Africa include those mentioned in the diagram above. 

In the literature, based on sources such as Murphy (1996), Van Eeden et al. (2004), Kiggundu 

(2002), and many others, the main determinants of small business development can be 

summarised in the following diagram: 
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Figure 2.2 Other determinants of small business development 

 

In summary, we could be said that there are many factors that negatively affect small 

business growth in the developing world, which in turn has a negative impact on the 

economic growth potential of a country. For a detailed analysis and understanding of these 

factors, the reader is referred to Okpara and Wynn (2007) and Arinaitwe (2006). 

 

2.2.3  Market efficiency 

 

There is also a large body of economic literature that has explored the relationship between 

market efficiency and economic factors. Formosa (2008) and Hay and Liu (1997) are some of 

the researchers who have investigated this relationship. Formosa (2008) analysed the role of 

market efficiency in economic growth using a composite index of market efficiency based on 

data from 26 European countries. Using this composite market index composed of indicators 
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of goods, labour and financial efficiency, Formosa (2008) discovered that there is a positive 

relationship between gross domestic product per capita and economic resilience. 

 

Hay and Liu (1997) analysed 19 UK manufacturing sectors to prove that competition 

enhances market efficiency.  

 

Many researchers are of the opinion that the lack of an adequate telecommunications 

infrastructure in many countries in the developing world has a negative impact on their social 

and economic development. They believe that an improved telecommunications 

infrastructure can alleviate poverty and consequently improve the economic growth potential 

of a country due to the evidence found in the developed world of the positive impact of 

telecommunications on economic growth. Of late, attention has shifted to 

telecommunications infrastructure and its impact on economic growth. 

In the next section, previous studies on the relationship between telecommunications and 

economic growth are considered. 

 

2.2.4  Telecommunications and economic growth 

 

Researchers have explored the relationship between communications technologies and 

economic growth and development. These attempts at measuring the link between 

telecommunications technologies and economic growth have concluded that 

telecommunications is both a cause and a consequence of economic growth (Alleman et al., 

1994). 

 

Some of their findings are that telecommunications infrastructure per se does not ensure 

economic growth but that lack of telecommunications infrastructure can seriously hinder 

economic growth in a country. They also agree that to derive greater economic benefits from 

communications technologies, there is a need to invest in telecommunications infrastructure 

and the maintenance of such infrastructure as well as to adopt institutional reforms such as 

promoting private property, regulation, financial freedom, investment freedom, and so forth. 
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The rapid expansion of the telecommunications sector especially cellular and wireless 

technology in many developing countries has generated a lot of interest from researchers as 

they explore poverty alleviation strategies in these economies. The severe lack of fixed-line 

telecommunications infrastructure is believed to retard the economic growth potential of a 

country. Many people are of the opinion that telecommunications is one of the driving forces 

behind the economic growth and social development of a country. Certain researchers have 

attempted to quantify these models and relationships to try to find the main forces that 

influence and stimulate economic growth. 

 

An overview of some of the theoretical considerations underpinning the relationship between 

telecommunications and economic growth is furnished below. 

 

The earliest studies involve those of researchers such as Jipp (1963), Bebee and Gilling 

(1976) and Hardy (1980). Hardy (1980), using data from 45 countries, which were divided 

into two groups of developed and developing countries, was one of the first researchers to 

investigate the impact of telecommunications infrastructure on economic growth. He 

concluded that there was a larger effect of telecommunications on the less developed 

countries than the developed ones. Jipp (1963), using data for different countries, discovered 

a positive relationship between the two. Bebee and Gilling (1976) concluded that the effect of 

telecommunications on growth depends on different stages of the development of the country 

or region under consideration. 

 

They devised three indices namely: 

 

 Telephone index: for available telephone facilities and their use; 

 Economic performance index; and 

 Development supporting index: supporting factors. 

 

They found a strong relationship between the telephone index and the index of economic 

performance as well as a positive contribution of telecommunications to economic 

development. 
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Dholakia and Harlam (1994) using multiple regression models analysed the connection 

between factors such as education, energy, telecommunications development, physical 

infrastructure and economic development. Their findings were that simultaneous investment 

in the development input such as education, telecommunications and other infrastructure 

variables are complementary in helping to promote economic growth. 

 

Ding and Haynes (2004) empirically investigated the role of telecommunications 

infrastructure on the long-term regional economic growth in China using a sample of 29 

regions from 1986 to 2002. With their panel dataset, they used a dynamic fixed effects model 

and concluded that telecommunications is both statistically significant and positively 

correlated to regional economic growth in real GDP per capita in China and that 

telecommunications investment is subject to the law of diminishing returns. This means that 

regions at an earlier stage of development are likely to gain the most from investing in 

telecommunications infrastructure.  

 

Batuo (2008) analysed the effects of telecommunications on economic growth in African 

countries by examining the role of telecommunications infrastructures on long-term 

economic growth. Using a panel data approach with a dynamic fixed effect model and data 

from 1984 to 2005, Batuo (2008) empirically discovered a significant and positive correlation 

between telecommunications infrastructures and regional growth in Africa after controlling a 

number of factors. In this research, it is also indicated that investment in telecommunications 

is subject to diminishing returns. 

 

In a study carried out by Saunders et al. (1983, 1994) and WB(1994) in which they examined 

the role of telecommunications in economic development revealed a positive and 

significantly robust effect between the two. They found that investment in 

telecommunications infrastructure enhances economic activity. Easterly (2001) and Loayaza 

et al. (2005) applied different estimation methods on an empirical investigation of the 

relationship between telecommunications infrastructure and aggregate output. 

 

Röller and Waverman (2001) also investigated the impact of investment in 

telecommunications infrastructure on economic growth in 21 OECD countries and 14 

developing countries new industrialised non-OECD countries between 1970 and 1980. Their 
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results indicate that the impact may not be linear and that it is greater in OECD countries than 

in non-OECD countries and in countries that have reached a ―critical mass‖. 

 

Considering 14 African countries and 13 countries in Central and Eastern Europe (CEE) and 

data for the period 1999 to 2005 as well as regression studies, Karner and Onyeji (2007) 

examined the contribution to economic growth of private telecommunications investment and 

discovered that the contribution of telecommunications is positive but insignificant. 

 

Madden and Savage (1998) in their empirical work examined the relationship between 

telecommunications infrastructure investment, gross fixed investment and economic growth 

using transitional countries in CEE (central and eastern Europe) countries and they found a 

strong association between these variables. In the same work, these researchers also indicated 

a direction of causality between telecommunications and economic growth in CEE countries. 

 

Other researchers have also explored the relationship not just between telecommunications 

and economic growth but how telecommunications alongside many other factors affects and 

stimulates economic activity. These include Dholakia and Harlam (1994), Madden and 

Savage (1998), Datta and Agarwal (2004). Factors such as gross fixed investment, education, 

energy and transportation networks were discovered to be equally significant alongside 

telecommunications infrastructure investment in the economic growth of a country. 

Research on the effects that mobile telephony, fixed-lines and Internet service had on global 

productive efficiency was carried out by Thompson and Garbacz (2007), based on the 

stochastic frontier production approach function. Their findings were that those institutional 

reforms (as measured by EFI) and the expansion of the communication networks (as 

measured by mobile, fixed and Internet penetration) positively affect production efficiency. 

 

Osotimehin et al. (2010) investigated the effects of telecommunications infrastructure on 

economic growth in Nigeria for the period 1992 to 1997 using the pooled ordinary least 

squares (OLS) regression method. The study concluded that an investment in 

telecommunications infrastructure positively influences economic growth. 

 

Lee et al. (2009) empirically investigated the relationship between telecommunications and 

economic growth in sub-Saharan Africa using a special linear generalised method of 

moments (GMM) estimator. They concluded that mobile phone expansion is one of the main 
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determinants of economic growth in sub-Saharan Africa and the impact is especially 

noticeable in regions where there is inadequate land-line infrastructure. 

 

In Pakistan, the impact of telecommunications infrastructure on economic development was 

empirically investigated by Hashim et al. (2009) using a multiple regression model for the 

period 1968 to 2007. They discovered that teledensity and investment in the 

telecommunications sector exerted a positive and a significant impact on economic growth. 

 

Most of the researchers mentioned above focused mainly on the one way relationship 

between telecommunications and economic growth without exploring the bidirectional 

relationship between these two variables. The next section discusses some causality studies 

found in the literature. 

 

Most of the work on the bidirectional association between telecommunications and economic 

growth can be traced to studies conducted by Cronin et al. (1991, 1993a, 1993b). These 

researchers made attempts to examine the relationship between telecommunications and 

economic growth and discovered a bidirectional relationship between the two. First, Cronin et 

al. (1991) applied the Granger causality and modified Sims tests using USA economic 

growth and telecommunications data for the period 1958 to 1988 to discover that there is a 

bidirectional relationship between telecommunications investment and gross domestic 

product. They concluded that telecommunications investment promotes economic growth, 

which in turn stimulates the demand for telecommunications infrastructure. Applying the 

same methodology to the USA state of Pennsylvania data for the period 1965 to 1991, Cronin 

et al. (1993a) also confirmed the bidirectional relationship between telecommunications 

investment and employment. 

 

Again Cronin et al. (1993b) applied the Granger Causality and Modified Sims Tests on USA 

data for the period 1958 to 1990 to discover this relationship.  In South Korea, the direction 

of causality was investigated by Lee (1994) based on data from 1963 to 1988 by relating 

main line growth, number of telephone sets and gross capital investment expenditure to gross 

investment. In the process it was discovered that there is causality between 

telecommunications and economic growth. 
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Dutta (2001) using 15 industrialised and 15 developing countries found evidence for causality 

and in addition also discovered that the causality running form telecommunications 

infrastructure to economic growth is stronger than the one running from the opposite 

direction, that is, from economic activity to telecommunications infrastructure. In this work, 

the methodology used by Dutta was the Granger Causality Test based on data for the period 

1963 to 1990 to discover that teledensity affects per capita GDP and that telephones stimulate 

economic growth. 

 

Chakraborty and Nandi (2003) applied the Granger Causality Test on data from 12 Asian 

countries for the period 1975 to 2000 to indicate the direction of causality between 

teledensity and GDP both in the short run and in the long run. They divided these 12 

developing Asian countries into two groups based on the degree of privatisation with a high 

and low degree of privatisation respectively with causality being evident in the former group. 

In other words, for countries with a high degree of privatisation, causality is evident between 

teledensity and GDP while for those with a low degree of privatisation, the causality runs 

from teledensity to GDP. 

 

Using Poland regional panel data from 1989 to 1998, and applying the Granger Causality 

Test, Cieślik and Kaniewska (2004) also found a positive statistically significant causal 

relationship between telecommunications infrastructure and income in Poland and that 

causality runs from teledensity to retail sales per worker (income). Yoo and Kwak (2004) 

found a bidirectional relationship between information technology investment and GDP 

based on data from South Korea for the period 1965 to 1998 and the methodology used was 

again the Granger Causality Test. 

 

Shiu and Lam (2008) empirically investigated and confirmed the relationship between 

telecommunications and economic growth in China for the period between 1978 and 2004. 

They applied the dynamic panel data model to examine the causal relationship between 

telecommunications development and economic growth. They also used panel data of real 

GDP and concluded that there is a unidirectional relationship running from real GDP to 

telecommunications development. Causality from telecommunications development to real 

GDP is found only in affluent areas. Results indicate that an improvement and investment in 

telecommunications infrastructure alone does not stimulate economic growth in certain parts 

but it is rather equally important to improve on factors such as business environments, 
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education, transport networks and manpower training. Doing this enables some of the regions 

to derive economic benefits from an investment in telecommunications infrastructure 

development. 

 

Gholami et al. (2006) explored the causal relationship between investments in ICT and FDI 

with reference to its implications on economic growth using an empirical analysis based on 

data from 23 major countries from 1976 to 1999. Among the methodologies applied were: 

 Time series Granger causality analysis; 

 Panel causality analysis (Least Squares Dummy Variable (LSDV) approach; and 

 A method of Instrumental Variables (2SLS). 

 

In their investigation, they also analysed the order of integration of the variables by 

performing the Augmented Dickey-Fuller (ADF) Test as well as co-integration tests for the 

variables using the unit roots and Johansen Co-Integration tests.  

 

Shiu and Lam (2010) investigated the importance of telecommunications on economic 

development for 105 countries for the period 1980 to 2006 using a dynamic panel data model 

to measure the causal relationship between telecommunications development and economic 

growth focusing on European countries and high-income groups.  

They discovered that there is a bidirectional relationship between telecommunications 

development and economic growth for European countries and those in high-income groups. 

For countries in other regions and in lower income groups, the unidirectional relationship 

runs from economic growth to telecommunications. 

 

In this section, some of the roles of telecommunication proliferation and other factors on 

economic growth have been discussed. 

The next section looks at some of factors affecting proliferation. 
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2.3  Factors affecting telecommunication proliferation 

 

2.3.1  Fixed and mobile proliferation 

 

The relationship between mobile phones and landlines has also interested a number of 

researchers with some suggesting a substitution effect while others suggest a complementary 

relationship. Both complementarity and substitutability have been proved to be true for 

certain regions and for some subsets of the population. These researchers include Rodini et 

al. (2003), Ward and Woroch (2004), Ingram and Sidak (2004), Ahn and Lee (1999), 

Banerjee and Ros (2004), Waverman et al. (2005), Garbacz and Thompson (2007), and 

Thompson and Garbacz (2007). 

These researchers also used different panel data sets for different regions, which renders their 

results very difficult to generalise, or rather, to draw valid conclusions from them in so far as 

these two concepts are concerned. Also, the earlier mentioned data collection challenges 

mean that there is a need for further research in this area since some countries are of the 

opinion that with their poor fixed-line infrastructure they can use mobile communications to 

leapfrog fixed line infrastructure and hence achieve economic growth and welfare. This is 

complicated by the fact that in reality, pure wireless mobile technology is beyond the reach of 

most people since it is very expensive. 

Barros and Cadima (2000) reported a negative impact of mobile diffusion on the fixed line 

penetration rate basing their work on time series data from 1981-1998 in Portugal; they found 

evidence of fixed- mobile access substitution. Sung et al. (2000), using data from 1990, found 

that a 1% increase in the number of mobile phones reduced fixed line connections by 

between 0.1% and 0.2% in Korea. Gruber and Verboven (2001a), based on data for 140 

countries from 1981 to 1995, found evidence of complementarity in terms of usage between 

mobile phones and fixed lines. They further found that countries with large fixed network 

penetration were more advanced in adopting mobile phones. 

 

Other researchers have also found that fixed lines and mobiles are complements in the 

beginning but substitutes as the mobile market matures. This was discovered by Sugolov 

(2005) in analysing transition economies for the period 1993 to 2001. 
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Gruber (1999, 2001a) carried out a statistical analysis of the diffusion of mobile 

telecommunications in central and eastern Europe (CEE). He used data from the beginning of 

the 1990s to 1997 with regards to 10 accession countries. The results obtained were: 

 Diffusion speeds were faster for late entrants. 

 Diffusion speeds increased with the number of firms. 

 Diffusion speeds increased with the size of the fixed telecommunications network and 

the length of the waiting list. 

 

Gruber and Verboven (2001b) studied the technological and regulatory determinants of the 

diffusion of mobile telecommunications services in the EU based on a logistic model of 

diffusion. Using a panel dataset of the whole history of the industry for all EU countries, they 

discovered that a combination of analogue to digital transition and spectrum scarcity affected 

the diffusion of mobile telecommunications and the significance of competition. They 

empirically evaluated the role of technological regulatory decisions as determinants of the 

speed of diffusion of mobile telecommunications services. 

 

Based on data for 64 countries from the ITU‘s World Telecommunication Report in 1998 

Ahn and Lee (1999) used an econometric model and two estimators based on Berkson‘s mini 

chi-squared and semi-parametric weighted average derivatives. They further discovered that 

fixed-line penetration has a positive impact on mobile telephone subscription while price 

effects are not evident in their study. 

 

Ward and Woroch (2010) used data from the Lifeline Assistance Subsidy programmes by 

state from 19991 to 2001 to find that some degree of substitution between fixed lines and 

mobile telephones in the US existed as of 2001. They did this by measuring the magnitude of 

the effect that Lifeline assistance has on local telephone bills since households with Lifeline 

support face lower prices for fixed line services and tend to receive lower incomes. 

 

Barros and Cadima (2000) investigated the impact of mobile phone diffusion on the fixed line 

network using an estimation of diffusion curves for both technologies. They further evaluated 

the impact of mobile phone growth on the fixed-line network. In their analysis of the 

consequences of cellular technology on the incumbent fixed line telephone service, they 

found a negative impact of the mobile phone diffusion on the fixed line telephony penetration 
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rate. This study was conducted in Portugal using data for the last quarter of 1999. They also 

found that mobile phone adoption slowed fixed line growth while fixed line subscription had 

no impact on mobile subscription growth. 

 

Gruber and Verboven (2001a), using EU data for the period 1991 to 1997, established the 

substitution effect between mobile and fixed-link networks. Their results reveal that countries 

with a lower penetration of fixed-link networks experience higher growth in the cellular 

market with the results however falling short of perfect substitution implying that older 

technologies may still play an important role for some time. 

 

Rodini et al. (2003) used 2000 and 2001 survey data to find evidence of the substitution 

effect while Madden and Coble-Neal (2004) analysed data from 58 countries for the period 

1995 to 2000. They also discovered the substitution effect between fixed and mobile 

subscriptions. 

 

Sung and Lee (2002) examine the impact of the rapid growth in mobile phones on the access 

demand for traditional fixed telephones, that is, the substitution effect between mobile and 

fixed telephones in Korea using Korean regional panel data from 1991 to 1998. They applied 

the fixed effects model and the random effects model and found that an increase in the 

number of mobile phones results in a reduction in new fixed line connections and an increase 

in fixed line disconnections. 

 

Empirical work by Ward and Woroch (2004) for the US household, data for 1999 to 2001 

based on regression and estimation methods found that mobile service is a moderate 

substitute for wire line usage. Some of the estimation methods employed in their research 

include the Linear Approximate/Almost Ideal Demand System Demand Estimator 

(LA/AIDS) and the instrumental variables approach. They found evidence of the 

substitutability of fixed and mobile services for telecommunications access. 

 

Vagliasindi et al. (2006) analysed the relationship between fixed and mobile lines used by 

businesses in transition economies for 2002 and found some evidence of the substitution 

effect at country level while Garbacz and Thompson (2007) using data for the period 1996 to 

2003 from developing countries found evidence of asymmetric substitution. In other words, 
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although fixed connections are substitutes in the mobile market, mobile phones may be 

considered complements in the fixed line market. 

 

Using data for the period 1993 to 1997 in Korea Sung (2003), discovered that fixed toll and 

mobile calls are economic substitutes, while Ingraham and Sidak (2004) using US data for 

1991 to 2001 found that mobile and long-distance calls are substitutes. Horvath and Madoom 

(2002) basing their work on UK survey data for 1999, 2000 and 2002 established that the 

ownership of a mobile phone significantly reduces the use of fixed lines. Ward and Woroch 

(2004) using US 2000 data analysed the mobile to fixed usage substitution and found that 

mobile usage is a moderate substitution for fixed-line usage. 

 

Madden and Coble-Neal (2004) examined the substitution effect between fixed-line and 

mobile telephony while controlling for the consumption externality associated with telephone 

networks. Using a dynamic demand model, based on a global telecommunications panel 

dataset from the World Development Indicators database for 56 countries for the period 1995 

to 2000, they discovered the presence of a substitution effect between the two variables. 

 

Taubman and Vagliasindi (2005) also investigated the substitution effect in Eastern Europe 

and the former Soviet Union and found empirical evidence on country level data, case studies 

and enterprise level data based on major surveys undertaken by the EBRD and World Bank 

in 2002 across all transition economies of some substitution effects at country level and 

complementary effects at enterprise level in place at the time. 

 

James (2009) analysed leapfrogging in mobile telephony by looking at alternative measures 

of leapfrogging. This was carried out in order to establish a measure for comparing country 

performance instead of using only the ratio of mobile to fixed lines. The study was based on 

data from 50 countries. 

 

According to James, alternative measures of leapfrogging are: 

 The ratio of mobile to fixed-line at a point in time; 

 Leapfrogging as a catch up: the transition to digital switching equipment; and 

 Leapfrogging as a catch up: the transition to mobile telephone. 
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In the same study, the researcher proposed an alternative measure of leapfrogging. He 

suggested weighting the ratio (between mobile and total phones) for a particular country by 

its share in the total number of mobile phones in a given sample of countries. 

 

The formula for each country is: 

.
x x

y z
 

where  

 

x is the use of mobile phones per 100 inhabitants of the country; 

y is the use of fixed-line telephones per 100 inhabitants of the country; and 

z is the total number of mobile phones used by all countries in the sample. 

 

The results of this research indicate that Africa dominates the ranking of the countries 

according to the ratio of mobile phones to fixed lines but it does not appear in the ranking of 

best performers and the measure provides a number of insights that cannot be gained by using 

the mobile phones to fixed-lines ratio. 

 

Finally, Briglauer et al. (2009), using time series data for the period 2002 to 2007 in Austria, 

based on instrumental variable estimates, investigated whether fixed to mobile substitution is 

strong enough to deregulate fixed voice telephony services. It was discovered that the mobile 

sector had begun to exert increasingly competitive pressures (intermodal) on fixed voice 

telephony markets (Fixed-to-mobile substitution (FMS)). Furthermore, the researchers 

empirically examined the extent of intermodal competition. They concluded that the retail 

market for national calls of private users can probably be deregulated due to sufficient 

competitive pressure from mobile services. They also concluded that access substitution does 

not appear to be strong enough to justify deregulation. 

 

Hamilton (2003) investigated the relationship between fixed lines and mobile phones using 

data for 23 African countries for the period 1985 to 1997. This investigation considered 

whether these two are substitutes or complements using panel data estimation techniques 

through determining the impact of mobile telephony competition on fixed line access. The 

researcher also hypothesised that strong institutions and political systems have a positive 
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relationship with increased telecommunications access. The main findings can be 

summarised as: 

 Mobile phones and fixed-lines are substitutes; 

 Strong institutions and stable political systems are positively correlated with increased 

access to telecommunications; and 

 As individual income increases the demand for telephones increases. 

Abu and Tsuji (2010) empirically investigated the determinants of global mobile telephone 

deployment using a demand model and a global dataset for the period 1990 to 2007. This 

empirical analysis was based on data for 51 countries. 

Their findings include: 

 Mobile phone adoption is positively correlated to income, revenue from mobile 

phones, mobile network coverage and the digitalisation of mobile phones. 

 The cost of mobile use is negatively correlated with mobile phone adoption. 

Rouvinen (2006) investigated the diffusion of digital mobile telephony in both developed and 

developing countries with the aid of a Gompertz model on a dataset for over 200 countries. 

The researcher concluded that competition and late entrants were important factors in mobile 

diffusion. The researcher also discovered that in developing countries, the following were 

found to be the most important factors accelerating mobile proliferation: 

 Having a large potential user base; 

 Accumulating network effects; 

 Being open; 

 Commanding a high technological level (non-telecom); and   

 Introducing innovations complementing mobile telephony. 

 

Jang et al. (2005) used a logistic function to determine the key factors influencing mobile 

diffusion in 30 countries for the period 1980 to 2001. Taiwan was one of the countries 

involved in the study while the rest were OECD countries. The switch to digital technology 

was proven as an important driver of mobile diffusion while competition was also considered 
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as an important factor. The researchers also discovered that the choice of fee payment and 

fixed penetration were the main determinants of mobile diffusion. 

 

Hwang et al. (2009) also investigated the main factors affecting mobile telephone services in 

Vietnam using a logistic function. The findings of this empirical analysis indicated that fixed 

telephone services are a complement to mobile phone services while data services have a 

negative relation to mobile telephony. It was also discovered that better regulation promotes 

competition, which in turn influences mobile diffusion. 

Burki and Aslam (2000) studied 25 Asian countries for the period 1986 to 1998 using a 

logistic model to find that analogue to digital mobile transition and competition were 

important determinants of mobile proliferation. After studying a dataset of 56 countries for 

the period 1995 to 2000, Madden et al. (2004) discovered that high wealth, low user cost and 

a large user base promoted mobile diffusion. 

Kauffman and Techatassanasoontorn (2005) used the fixed effect panel data model (auto 

regression model) of 43 developing and developed countries until 2004. In this study, they 

discovered that telecommunications infrastructure, competition, lower network access costs, 

fewer standards and regional contagion were the main factors affecting mobile proliferation. 

Chu et al. (2009) investigated the main determinants of mobile diffusion. These researchers 

found that while competition is the main factor in mobile diffusion, mobile phones are a 

substitute for fixed lines in Taiwan.  

These researchers have used the above mentioned models by applying the following 

econometric models of diffusion: 

 The Logistic model; 

 The Bass model; and 

 The Gompertz model. 

 

Finally, a detailed description of the diffusion of mobile telephones, and how this affects the 

incumbent fixed-line infrastructure as well evidence of complementarity and substitutability 

has been furnished. Spectrum management is the focus of our next section.  
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2.3.2  The role of spectrum management on proliferation 

 

The rapid growth of wireless services has resulted in a number of challenges for radio 

frequency spectrum managers due to the growing pressure on radio spectrum as a limited 

resource. Frequency management refers to radio frequency spectrum management, which 

consists of all activities associated with the regulation and administration of the use of radio 

spectrum. Its goal is to maximise spectral efficiency and to minimise interference if the 

benefits of the spectrum to an economy are to be realised. 

The ITU –R Recommendation SM.1046-1 defines spectral efficiency as follows: 

The measure of spectrum utilisation – Spectrum Utilisation factor,U , is defined to be the 

product of the frequency bandwidth, the geometric (geographic) space, and the time denied to 

other potential users: 

U  = B . S . T  

where B : Frequency bandwidth, S: Geometric space (usually area) and T: time. 

SUE (Spectral Efficiency) = M  U  =  M   ( B . S .T ) where M  is the amount of 

information transferred over a distance. 

 For a cellular mobile system, it can be expressed as: 

SUE = (Traffic in Erlang)   (Amount of spectrum in MHz X Area in Sq. Kms) for a 

specified QoS (see above). 

Certain researchers have also discovered that spectrum management reforms are correlated to 

economic growth. Wellenius and Neto (2008), indicate that traditional government spectrum 

management creates technological and economic inefficiencies and obstacles to technological 

innovation. Falch and Tadayoni (2004) also reveal that there is a relationship between 

spectrum management and economic growth while McCormick (2003) demonstrates how 

telecommunications reforms are related to economic growth.  

The effect of the strategic management of effective radio spectrum regulation and market 

stimulation have also been investigated by researchers such as Yoo et al. (2001), Minges 

(1999), Wallsten (2001), Noll (2000), Hazlett et al. (2007), and so forth. 
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These researchers indicate the importance of strategic spectrum management on the 

development of the telecommunications industry and the economy of a country in general. 

Wellenius and Neto (2006, 2008) and the researchers mentioned in the paragraph above 

discovered that bureaucratic regulatory management of the radio spectrum limit wireless 

telecommunications growth. 

 

Countries that better manage their spectrum allocation policies tend to exhibit a high growth 

in mobile communication and their telecommunications infrastructure in general. Such 

countries tend to realise social and economic benefits from these technologies compared to 

countries with poor spectrum management policies. 

 

Gruber (2001b) investigated the impact of radio frequency spectrum on the performance of 

the mobile telecommunications industry. The popularity of mobile telecommunications 

services raised the pressure for allocating more frequency spectrum. The frequency spectrum 

scarcity affects the market structure of mobile telecommunications and constitutes the 

bottleneck of the mobile telecommunications industry. Licence fees determined by auctions 

are an efficient means of placing an economic value on the frequency spectrum and for its 

efficient allocation.  

 

Regulation with respect to the allocation of spectrum licences creates problems of fair 

competition. The method of allocation of the frequency spectrum affects the market structure 

and performance of mobile telecommunications while technology, regulation and endogenous 

sunk costs affect spectral efficiency. Gruber (2001b) proposes a simple model to illustrate the 

role of up-front licence fees in affecting market structure. In this research, spectral efficiency 

(according to Gruber (2001b)) is defined as the number of bits that can be sent per second 

over a channel of a given bandwidth. 

 

Wellenius and Neto (2006, 2008) investigated opportunities and challenges for the 

developing world in terms of radio spectrum management. They suggest that spectrum 

management, especially reform, has not kept up with changes in technology, business 

practice, and economic policy, in recent years, especially in terms of the shortcomings of the 

traditional spectrum management regime. They believe spectrum management reforms offer 

opportunities and challenges to developing countries since spectrum allocation has come 

under pressure from the rapid growth and demand of wireless services. Spectrum scarcity 
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partly results from the spectrum management regime and the cost of inefficient spectrum use 

can be huge. 

 

They argued that the different models are not necessarily exclusive. They provided the 

following reasons as to why the issue of spectrum management models and reforms matter to 

the developing world. 

 Spectrum management typically lags behind sector reforms leading to competitive, 

private telecommunications markets posing growing obstacles to further sector 

development while improving spectrum management would yield significant benefits.  

 Wireless has become the technology of choice for developing existing and new 

networks. Developing countries have the opportunities to import the new technologies 

at marginal cost. In turn, they add scale to global production further reducing costs 

and accelerating innovation. 

 Governments seeking benefits from the new technologies must remove impediments 

to their adoption by being aware of the new opportunities and challenges identifying 

aspects of the legal and regulatory framework that poses obstacles to early adoption 

and strengthening capacity to implement modern solutions in a fast changing global 

environment. 

 New spectrum solutions cannot be adopted without a careful examination of their 

relative merits in specific contexts. Not all developing countries would do well by 

replicating best practices from high-income countries. 

 Developing countries can add global momentum to spectrum reform. 

 Developing countries play a significant role in international governance of the 

spectrum by being active members of the ITU and subscribing to trade agreements 

that deal with telecommunications. 

 

Luther (2007) has also investigated spectrum management models and the significance of a 

market-oriented regulatory framework to better manage the frequency spectrum and to foster 

economic growth. According to the researcher, the three drivers for spectrum are mobiles, 

Internet access as well as safety and security. 

 

Hazlett and Muñoz (2006b, 2009b) analysed the role of wireless markets on economic growth 

in Latin American countries since mobile telecommunications networks provide the essential 
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telecommunications infrastructure that is severely lacking in the developing world. This 

empirical work is based on simulations using a calibrated model for 40 countries using their 

mobile phone data. It was discovered that social gains are available to countries allowing a 

more liberal use of their radio spectrum and that efficiency increases are possible. According 

to the researchers, the quantity of frequency spectrum efficiently allocated to wireless service 

is: 

 

Spe = f (pop, popd, gdpc, NotCallingPartyPays, LAD, AD, K) where: 

 

Spe is the spectrum for mobile telephone service in MHz, pop denotes population, popd is the 

population density and gdpc is the gross domestic product per capita. Two dummy variables, 

the Latin American dummy (LAD) and the auction dummy (AD) as well as a constant term K 

are also included. 

 

Regulatory authorities, according to the aforementioned researchers, have inefficiently 

constrained spectrum access by over-conserving the bandwidth that the market demands, 

since they believe that mobile services do not justify a higher spectrum allocation. They also 

discussed spectrum management reforms and concluded that allocating more bandwidth as 

well as a more liberal use of spectrum has led to an increase in how spectrum affect the 

average revenue per minute and economic benefits. In this economic analysis of spectrum 

allocation in Latin America, they also analyse spectrum policies and consumer welfare and 

further illustrate how additional radio spectrum and spectrum rights could promote efficiency 

and social welfare benefits. 

 

Their main findings are: 

 

• They explain empirically how large social gains are available to countries permitting a 

more liberal use of their radio spectrum e.g. Guatemala and El Salvador who in spite 

of their small economies utilise approximately 50% more bandwidth for mobile 

phones than the Latin American mean. 

• They discovered that there is a social value to allocating additional spectrum to 

mobile phones. 
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• They evaluated spectrum policies in Latin America and proved that regulatory 

authorities have inefficiently constrained spectrum access. 

 

Hazlett et al. (2007) provide evidence of a link between liberal reforms and consumer welfare 

gains as well as spectrum availability in their study with regards to 16 Latin American 

countries based on data from the ITU, World Bank, CIA World Factbook and Pyramid 

research. According to the said researchers, spectrum is expressed as: 

 

Spe = f (pop, dens, gdpc, efi). Spe is the spectrum while pop and popd denote population and 

population density respectively. Gross domestic product per capita is denoted by gdpc and efi 

represents the economic freedom index. 

 

Liberal property rights have expanded spectrum use and competition in mobile markets. 

These in turn have led to reduced retail prices as well as economic benefits and consumer 

welfare due to abundant spectrum utilisation and market competitiveness. 

 

Wellenius and Neto (2006, 2008) provided a framework for efficient spectrum management 

in developing countries. They believe that spectrum management regimes in the developed 

world can be adopted and made to work in developing countries, which are characterised by 

such factors as weak rule of law, limited markets and constrained fiscal space. They propose 

a phased approach to spectrum reform in a country. 

 

Hazlett et al. (2007) investigated the economic benefits of good spectrum management 

policies in El Salvador and Guatemala. They wanted to find out if liberal reforms in radio 

spectrum management through property rights enabled competitive markets. They found 

evidence that in the mobile telephony markets, liberal reforms led to competitiveness in retail 

markets and high rates of deployment. The researchers also discovered that these reforms had 

a positive and statistically significant effect on spectrum availability. They therefore 

concluded that there is a link between liberal reforms and consumer welfare gains. 

Hazlett and Muñoz (2006a, 2009a) investigated a welfare analysis of spectrum allocation 

policies in Latin America in order to explore the relationship between spectrum policy and 

efficiency in output markets. They discovered that in mobile markets, empirical estimates 
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suggest that countries allocating greater bandwidth to licenced operators and achieving more 

competitive markets realise demonstrable social welfare benefits. 

The researchers used a panel dataset of 29 countries for the period January 1999 to June 2003 

to try to identify the main determinants of social welfare in mobile markets. They discovered 

that allocated spectrum and the degree of market competitiveness are the most important 

factors in this relationship and that each is influenced by government regulation. 

 

In conclusion, Hazlett and Muñoz (2006a, 2009a) discovered that the main determinants of 

social welfare in mobile phone markets are: 

 

 Amount of spectrum allocated; and 

 Degree of market competitiveness. 

 

These are in turn influenced by government regulation. In other words, social welfare =f 

(spectrum, competition) = f (regulation). 

 

2.3.3  The role of broadband/Internet adoption on proliferation 

 

Many efforts have been made by researchers and policy makers to measure the social and 

economic impact of mobile phones and broadband penetration. Many studies have 

investigated the relationship between broadband penetration and other factors such as GDP 

per capita, the Human Development Index, the Quality of Life Index and the conclusions 

drawn from these studies have been amongst others that broadband is important in improving 

quality of life and is also a powerful catalyst for economic growth. 

 

Below, some of the studies in literature that have tried to explain factors affecting the 

adoption of Internet and broadband enabled technologies are mentioned. One of the earliest 

attempts to explain the influences on broadband/Internet adoption has been the diffusion of 

the innovations theory (Rogers, 1995). Other studies such as those of Bauer et al. (2002), 

Gorp et al. (2006) and Breath (2007) have also attempted to explain the same phenomena but 

with different perspectives; however, what is important are the common findings of these 

investigators. They all agree that the diffusion of broadband is increasing globally and that 
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economic development appears to be the main factor to be considered, depending on which 

indicators are used to measure it, for instance Gross Domestic Product (GDP). 

 

Hargittai (1999), using data from 18 European countries in an effort to explain differences in 

internet proliferation among these countries, discovered that economic wealth and 

telecommunications policy are key factors in a country‘s adoption behaviour regarding the 

Internet. Beilock and Dimitrova (2003) followed a similar route to discover the importance of 

GDP with regards to Internet adoption. 

 

Distaso et al. (2006) using data from European countries also investigated the role of factors 

such as competition as drivers of broadband adoption while Chanclou et al. (2006) 

highlighted the importance of infrastructural investment and new regulations in broadband 

growth. Vicente Curvo and López Menéndez (2006) in their analysis of the determinants of 

broadband penetration concluded that ICT infrastructure, e-government and Internet access 

costs are very important factors. 

 

Lehr et al. (2006) also tried to measure the economic impact of broadband adoption. They 

tried to establish whether broadband really matters to the economy by applying what they 

referred to as controlled econometric techniques and they discovered that broadband adoption 

has demonstrable economic benefits. The reader is referred to studies such as those of 

Forman et al. (2005) and Bresnahan et al. (2002) that have looked at how the behaviour and 

productivity of both firms and individuals are affected by broadband proliferation. 

 

With broadband and other newer technologies continuing to evolve, the current researcher 

believes there is a need to offer a different approach to investigating and explaining the 

factors influencing the adoption of broadband enabled technologies and their social and 

economic implications through the analysis of factors such as Gross National Income per 

Capita (GNIC), broadband connection speeds and Freedom from Corruption (FC) amongst 

others. 

The impact of prices on telecommunication and ICT diffusion which has been investigated by 

a number of researchers is the focus of the next section. 
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2.3.4  Impact of price and other factors such as political stability on 

telecommunications proliferation 

 

The role of prices on telecommunications proliferation has also been analysed by certain 

researchers in an attempt to analyse whether price exerts a negative or positive impact on the 

telecommunications sector growth and expansion. Other researchers have also tried to 

analyse the impact of interconnection charges especially termination rates. 

 

Beard and Ford (2008) used a simple econometric model to demonstrate that high call 

termination rates negatively affect broadband penetration in rural areas and densely populated 

areas in the US. One of their findings was that broadband deployment is positively promoted 

by low call termination rates. In other words, the lower the call termination rates, the higher 

the penetration of broadband. 

 

Nicolette et al. (2009) analysed the Polish mobile termination market and a proposal for 

reducing mobile termination rates and found that a reduction in mobile termination rates 

would cause mobile retail prices to rise; creating a positive impact on social welfare and also 

causing ―the waterbed effect‖. According to these researchers, ―the waterbed effect‖. is 

defined as ―the effect whereby regulation of one of the prices of a multi-product firm causes 

one or more of its other unregulated prices to change as a result of the firm‘s profit 

maximizing behavior‖. 

 

Dewenter and Haucap (2005) examined mobile termination charges and their regulation in 

asymmetric networks and demonstrated that with consumer ignorance on exact termination 

rates, ―a network‘s termination rates is the higher the smaller the network‘s size‖. These 

researchers also demonstrated that the ―asymmetric regulation of only the larger operators in 

a market will, ceteris paribus, induce small operators to increase their termination rates‖. 

These results are supported by empirical evidence using data on mobile termination rates 

from 48 European mobile operators over the period 2001 to 2003. 

In Ncube et al. (2010a), the researchers investigated the impact of mobile termination rates 

(MTRs) on mobile penetration and economic growth and found no evidence of high MTRs 
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exerting a negative influence on mobile penetration and the economic growth potential of a 

country. 

Bagchi et al. (2008) investigated the impact of price decrease on the proliferation of both 

fixed lines and mobile phones and they discovered a strong correlation between price 

decreases and the diffusion of both mobile phones and fixed lines with the impact felt more in 

the less wealthy countries. In their work, they applied the price-adjusted logistic model 

(PALM). The researchers also highlighted a number of factors that in turn affect price such as 

economy, technical and social infrastructure, institutional factors and the stage of 

technological maturity. 

Karine et al. (2004) analysed the effect of price on the diffusion of cellular subscriptions in 

Finland using the logistic model and the results of this study indicate that cellular call tariffs 

and cellular phone prices are not significant predictors of diffusion of cellular subscriptions. 

 

Ward and Woroch (2010) investigated the effect of prices on fixed and mobile phone 

penetration using a national dataset in the US, based on a low-income price subsidy 

programme and they found little evidence of this. 

Other researchers have investigated the role of interconnection charges, especially mobile 

termination rates on mobile proliferation and economic growth. Littlechild (2006) analysed 

mobile termination charges by comparing the calling party pays (CPP) and the receiving 

party pays (RPP) principles and the change from one to the other. 

Using data from 84 countries, a number of results emanated from this research. Using RPP or 

CPP or the change from one to the other, reduces the average revenue per minute and also 

increases the average usage. 

Grzybowski (2008), using data for EU countries from 1998 to 2002, investigated the impact 

of regulation on the retail prices in fixed-line telephony across the European Union. The 

important findings from this paper are: 

 The regulation of fixed-line telephony has a significant impact on prices for 

residential consumers. 

 Liberalisation of the telecommunications industry decreased retail prices by about 

8.2%. 
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In the next section, liberalisation of the telecommunications industry is considered. 

2.3.5  The impact of telecommunications liberalisation 

 

Other researchers have also analysed the impact of liberal reforms in the telecommunications 

sector in order to determine how countries promote liberalisation in the telecommunications 

sector compared to those that do not. According to ITU (2005), countries that have made 

GATS (General Agreement on Trade in Services) commitments in telecommunications do 

better in terms of growth, measured in terms of revenue from telecommunications revenues 

as a percentage of GDP than those that do not. Examples of such countries are Uganda that 

introduced telecommunications reforms and experienced revenue growth while Ethiopia did 

not introduce such liberal reforms and therefore did not enjoy the same benefits. 

 

The GATS is a comprehensive legal framework of rules and disciplines covering 161 service 

activities across 12 classified sectors. These include activities as wide ranging as 

telecommunications, financial, maritime, energy, business, education, environmental and 

distribution services. In the same work, the following are indicated as the benefits of 

regulation in the telecommunications sector. 

 Greater economic growth; 

 Increased investment; 

 Lower prices; 

 Better quality of service; 

 Higher penetration; and 

 More rapid technological innovation in the sector. 
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Figure 2.3 Benefits of regulation 

 

This can be represented in the form of a diagram as shown above. 

Fink et al. (2003) analysed the effect of policy reform on sectoral performance using a panel 

dataset of 86 countries from developing countries for the period 1985 to 1999. They found 

that privatisation and competition lead to improvements on sectoral performance and that 

telecommunication progress as well as other factors, which the authors consider autonomous, 

have a strong influence on telecommunication performance. 

In as far as telecommunications liberalisation and regulatory governance are concerned, 

Gutiérrez and Berg (2000) investigated the potential impact of a sound regulatory framework 

on the level of investment in telecommunications in Latin American and Caribbean countries 

from 1985 to 1995. 

Li and Xu (2004) investigated the impact of privatisation and competition in the 

telecommunications sector around the world using a panel dataset of 160 countries for the 

period 1981 to 1998. In this research, they found evidence of a complementary relationship 

between privatisation and competition and that both factors had a positive impact on output 

growth. They also discovered that competition exerted a greater impact on output growth than 

privatisation did. 

Greater EcoGrowth 

Increased investment 

 Better QoS  

serviceservice 

Higher penetration 

Effective 

Regulation 

 

Rapid technological 

innovation 

Lower prices 



 

47 
 

 

Djiofack-Zebaze and Keck (2009) also empirically investigated the impact of 

telecommunications liberalisation in Africa on both sectoral performance and economic 

growth based on a dataset of 177 countries for the period 1997 to 2003. Their findings were: 

 More competition and better regulation lead to lower prices and improved availability 

of telecommunications services. 

 Improved real GDP per capita, a measure of economic growth. 

 

Maiorano and Stern (2007) investigated the relationship between regulation and performance 

in the telecommunications sector with an emphasis placed on the role of telecommunications 

infrastructure and country institutions on economic growth. Using data from 30 low and 

middle income countries, they discovered that regulatory institutions positively affect mobile 

telecommunication penetration and that telecommunications infrastructure affects economic 

growth. 

 

2.4  Other factors on proliferation 

 

In later chapters, more specific factors are considered and their roles in proliferation are 

investigated. 

 

2.5  Summary 

 

The literature points to the fact that telecommunication proliferation has a positive and 

beneficial effect on economic growth and social development. Sometimes this effect is 

indirect and factors like small business development are influential, which in turn influences 

economic growth and social development. The literature provides ample evidence of these 

relationships and it is justifiable to accept these fundamental relationships. 

The main factors identified in the literature affecting telecommunication proliferation are 
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mobile penetration, fixed-line penetration, spectrum scarcity, telecommunication costs, 

effective regulation, strong institutions, competition, telecommunications infrastructure and 

freedom corruption. 
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CHAPTER 3 

MODELS AND RELATIONSHIPS THAT DETERMINE 

PROLIFERATION OF TELECOMMUNICATION 
 

3.1  Introduction 

 

This chapter is an extension of the previous chapter with the focus mainly falling on selected 

models and relationships from that chapter. Such models are identified in the literature and 

are viewed as hypotheses that are discussed here. Some of these hypotheses are tested 

empirically in later chapters of this thesis. In this chapter, we only focus on models and 

relationships that determine telecommunication proliferation. 

 

3.2  Mobile proliferation models 

 

Researchers such as Garbacz and Thompson (2007) investigated the relationship between 

mobile phone lines and fixed lines and they found some evidence of both the complementary 

effect and the substitution effect in as far as mobile phones and fixed lines are concerned. 

They concluded that telecommunications services can improve the living standards and 

economic growth in a country and that mobile phones are substitutes for fixed lines in certain 

situations and complements in other cases. 

This study was based on data for 53 countries from 1996 to 2003 using telephone demand 

models for both residential mainline and mobile phones. 

The models are of the form: 

PEN=f (PRIV, RCOMP, MCOMP, INDREG, REVENUE, INVEST, CLIMATE, RES%, RPEN,  

MPEN, INCOME, RPRICE, MPRICE),  

where there will be separate equations for each service. (Res and mobile) 

Variables: 

PRIV: Privatisation dummy: 1 if any non-state ownership, 0 if total state ownership; 
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 RCOMP: Residential competition dummy: 1 if competition exists,0 no competition; 

MCOMP: Mobile competition dummy: 1 if competition exists, 0 no competition; 

 INDREG: Independent regulator dummy: 1 if independent regulator is legally established, 0 

if not; 

 REVENUE: Total telecom revenue per residential customer (main line) or per mobile 

subscriber; 

 INVEST: Telecom unamortised investment per residential customer (main line) or per 

mobile subscriber; 

 CLIMATE: Index of global climatic bands by latitude; 

 RES%: Percentage of total main line telephone lines that are for residential use; 

 RPEN: Residential lines per 100 population; 

 MPEN: Mobile telephone subscribers per 100 population; 

 INCOME: Gross domestic product per capita; 

 RPRICE: Monthly charge for residential service in dollars; 

 MPRICE: Monthly charge for mobile telephone service in dollars. 

 

Hamilton (2003) investigated the relationship between fixed lines and mobile phones using 

data for 23 African countries for the period 1985 to 1997. This investigation concerned 

whether these two are substitutes or complements using panel data estimation techniques 

through determining the impact of mobile telephony competition on fixed line access. The 

researcher also hypothesised whether strong institutions and political systems have a positive 

relationship with increased telecommunications access. The main findings can be 

summarised as: 

 Mobile phones and fixed lines are substitutes; 

 Strong institutions and stable political systems are positively correlated with increased 

access to telecommunications; and 
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 As individual income increases the demand for telephones increases. 

The researcher used a model based on panel data estimation techniques defined as: 

MAINLINE = f (LOGGDPC, LTRADE, URBAN, CORRUP, LAW, BUREAU, 

CONTRACT, EXPROP, GOVOP, DISCTAX, DEMOC, MOBILE), 

where 

GDPC: Per capita GDP; 

LTRADE: Trade; 

URBAN: Urban percent; 

CORRUP: Corruption of the political system; 

LAW: Rule of law; 

BUREAU: Bureaucratic quality; 

CONTRACT: Security of contract; 

EXPROP: Risk of expropriation; 

GOVOP: Government operations; 

DISCTAX: Discriminatory taxes; 

DEMOC: Democracy; 

MOBILE: Mobile subscriptions; 

MAINLINE: Main lines per 1000 inhabitants. 

Abu and Tsuji (2010) empirically investigated the determinants of global mobile telephone 

deployment using a demand model and a global dataset for the period 1990 to 2007. This 

empirical analysis was based on data for 51 countries using the following model: 

Mobile =f (INCOME, COST, MARKET, INFRA, FIXED, TECH, COMP, INNOV) where  

 Mobile: Mobile phone subscribers per 100 inhabitants; 

 INCOME: Wealth; 
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 COST: Cost of mobile phone use; 

 MARKET: Mobile phone market; 

 INFRA: Telecommunications infrastructure; 

 FIXED: Fixed telephone subscribers per 100 inhabitants; 

 TECH: Index of PCs per 100, Internet Penetration per 100 and Bandwidth per 100; 

 COMP: Competition; 

 INNOV: Technological innovation. 

Their findings include: 

 Mobile phone adoption is positively correlated to income, revenue from mobile 

phones, mobile network coverage, and digitalisation of mobile phones. 

 The cost of mobile use is negatively correlated with mobile phone adoption. 

 

Rouvinen (2006) investigated the diffusion of digital mobile telephony in both developed and 

developing countries with the aid of a Gompertz model on a dataset of over 200 countries. 

The researcher concluded that competition and late entrants were important factors in mobile 

diffusion. The researcher also discovered that in developing countries, the following were 

found to be the most important factors accelerating mobile proliferation: 

 Having a large potential user base; 

 Accumulating network effects; 

 Being open; 

 Commanding a high technological level (non-telecom); and  

 Introducing innovations complementing mobile telephony. 

 

The model used was: 

MTU=f (POPT, POPC, INC, AGRIC, ILLIT, CRED, TRADE, FREE, PCS, FIXED, FUCOST, 

ANAPEN, DIGUSERS, DIGPRE, DIGM, DIGCOMP, MUCOST, MHSET) 
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where POPT is the total population, POPC is the population of the largest city, INC (income) 

is GDPC, AGRIC is value added in agriculture, ILLIT is ratio of illiterate to the total 

population, CRED are the financial resources provided to the private sector, TRADE is the 

sum of exports and imports of goods and services. The rest of the acronyms are defined as 

follows: 

 FREE: Index of political freedom; 

 PCS: Personal computers; 

 FIXED: Fixed telephone main lines; 

 FUCOST: Fixed monthly charge; 

 ANAPEN: Analogue mobile telephony users per capita; 

 DIGUSERS: Digital mobile telephony users per capita; 

 DIGPRE: Digital mobile via prepaid calling; 

 DIGM: Digital mobile telephony with more than 1 network standard in the country; 

 DIGCOMP: Digital mobile telephony with 2 or more competing operators in the 

country; 

 MUCOST: Monthly charge for mobile telephony; 

 MHSET: Price level of investment (a proxy for handset prices). 

 MTU: Mobile telephone users 

 

Jang et al. (2005) used a logistic function to determine the key factors influencing mobile 

diffusion in 30 countries for the period 1980 to 2001. Taiwan was one of the countries 

involved in the study while the rest were OECD countries. The model was: 

COMP = f (POP, GDP, DIG, MARKET, NEW, CPP, FIX) where 

 COMP: Competition; 

 POP: Population density; 

 GDP: Per capita income; 

 DIG: Digital technology; 

 MARKET: Openness of market; 

 NEW: Number of new firms; 

 CPP: Calling party pays dummy; 

 FIX: Fixed-line penetration. 
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The switch to digital technology was proven as an important driver of mobile diffusion while 

competition was also seen to be an important factor. The researchers also discovered that the 

choice of fee payment and fixed penetration were the main determinants of mobile diffusion. 

 

Hwang et al. (2009) also investigated the main factors affecting mobile phone services in 

Vietnam using a logistic function. The findings of this empirical analysis were that fixed 

telephone services are a complement to mobile phone services while data services have a 

negative relation to mobile telephony. It was also discovered that better regulation promotes 

competition which in turn influences mobile diffusion. 

The model used was: 

DIFFS = f (PRICECON, HERF, FIX, DATA) where  

 PRICECON: Price control dummy of the regulator; 

 HERF: Herfindahl index of market concentration; 

 FIX: Fixed-line subscribers; 

 DATA: Annual revenue of data/IP-based data services; 

 DIFFS: Diffusion speed. 
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Table 3.1 Determinants of mobile proliferation models 

Author(s) Date Data employed Methodology 
Response 

Variable 

Influential 

Variable(s) 

Garbacz and 

Thompson  
2007 

53 countries from 

1996 to 2003 

Telephone 

demand models 

for both 

residential 

mainline and 

mobile 

telephones. 

 

RPEN, MPEN RPEN, MPEN 

Hamilton  2003 

23 African 

countries for the 

period 1985 to 

1997 

panel data 

estimation 

techniques 

MAINLINE 

Strong institutions 

and stable political 

systems, mobile, 

fixed 

Abu & Tsuji 2010 

51 countries for 

the period 1990 

to 2007 

a demand model Mobile 

Income, revenue 

from mobile phones, 

mobile network 

coverage and 

digitalization of 

mobile phones, 

COST 

Jang et al. 2005  

30 countries for 

the period 1980 

to 2001 

logistic function COMP 

Switch to digital 

technology, choice of 

fee payment and 

fixed penetration 

Hwang et al. 2009 
Vietnam data for 

1995 to 2006 
logistic function DIFFS 

Better regulation, 

competition, fixed 

 

3.3  Other mobile proliferation models 

 

Many researchers have adopted mobile penetration as a proxy for mobile proliferation (see 

Chu et al. (2009)). 

Below is a summary of other models that have been proposed in the literature in an attempt to 

identify the main factors that affect mobile penetration. 
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Ahn and Lee (1999) considered the following model in investigating the determinants of 

mobile proliferation: 

Mobile Penetration = f (GDPC, FX,DR, MUC) where GDPC is growth domestic product per 

capita, FX is fixed penetration, DR is the digitalisation rate and MUC is mobile user cost. 

The researchers find that high GDPC and fixed penetration affect mobile diffusion. 

 

Using 1997 data for 64 countries, they discovered that high GDPC and fixed penetration 

promote mobile diffusion. 

 

Burki and Aslam (2000) studied 25 Asian countries for the period 1986 to 1998 using a 

logistic model to find that analogue to digital mobile transition and competition were 

important determinants of mobile proliferation. The model used was of the form: 

Mobile Users =f (GDP, POP, COMP, TECH, FIXED), 

 where GDP is gross domestic product, POP is population, COMP is the competition, TECH 

is technology, and FIXED are fixed line subscribers. In their analysis, they also used 

dummies for other indicators such as digital to analogue switching. 

 

Gruber (2001a) used a model of the form: 

Mobile Penetration = f(GDPC, share of urban population, fixed penetration and waiting time, 

digital mobile competition dummy, number of mobile operators, market transition index) 

 

This was an analysis of mobile telephony diffusion in 10 EU accession countries from their 

introduction up to 1997. The results from this paper were that late mobile adoption, multiple 

operators, high fixed penetration and long waiting times promoted mobile diffusion. The 

econometric models used were the logistic and the Gompertz models. 

 

Madden et al. (2004) discovered that high wealth, low user cost and a large user base 

promoted mobile diffusion after studying a dataset of 56 countries for the period 1995 to 

2000 based on a model of the form: 
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Mobile Penetration = f(GDPC, POP, MUC) where 

GDPC: Gross domestic product per capita; 

POP: Population; 

MUC: Mobile user cost. 

Kauffman and Techatassanasoontorn (2005) used the fixed effect panel data model (auto 

regression model) on 43 developing and developed countries for data from 1992 to 2004. 

They used a model of the form: 

Mobile Penetration = f(Wealth, Telecommunications infrastructure, competition, access 

costs, standards). 

In this study, they discovered that telecommunications infrastructure, competition, lower 

network access costs, fewer standards and regional contagion were the main factors affecting 

mobile proliferation. 

Garbacz and Thompson (2007) used data for 27 developing countries for the period 1996 to 

2003 and a telephone demand model based on a model of the form: 

Residential landline and mobile penetration = f(Privatization, Competition, Independent 

regulation, total telecom revenue, telecom investments, climatic bands, percentage of 

residential customers, residential mainline density, mobile telephone density, GDP, 

subscription charges, connection charges, urban population percentage, education) where 

GDP is gross domestic product per capita. 

Their findings were: 

 Wire line phones are substitutes in the mobile market. 

 Mobile phones are complements in the wire line market. 

 Monthly price elasticities are large. 

Chu et al. (2009) investigated the main determinants of mobile diffusion based on a model of 

the form: 

Mobile penetration = f (GDP, DIG, CMP, OPR, FIX, PPR)  
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where GDP is gross domestic product per capita, DIG is Digital technology/technology 

innovation, CMP is deregulation/market competition, OPR is number of operators, fixed-line 

telephony penetration and PPR is pre-paid access restriction. 

These researchers found that while competition is the main factor in mobile diffusion, mobile 

phones are a substitute for fixed lines in Taiwan.  

These researchers employed the above-mentioned models by applying the following 

econometric models of diffusion: 

 The Logistic model; 

 The Bass model; and 

 The Gompertz model. 

 

In the next paragraph, modelling factors like frequency spectrum management is also 

considered;  
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Table 3.2 Other mobile proliferation models 

Author(s) Date Data employed Methodology 
Response 

Variable 

Influential 

Variable(s) 

Ahn and Lee  1999 
64 countries in 

1997 

Econometric 

Model 

Mobile 

Penetration 

GDPC and 

fixed 

penetration 

Burki and 

Aslam  
2000 

25 Asian countries 

for the period 1986 

to 1998 

Logistic model  Mobile Users 

Analogue to 

digital mobile 

transition and 

competition 

Gruber  2001 

10 EU accession 

countries from 

their introduction 

up to 1997. 

The logistic 

model and the 

Gompertz 

model 

Mobile 

Penetration 

Late mobile 

adoption, 

multiple 

operators, 

high fixed 

penetration 

and long 

waiting times 

Madden et al.  2004 

56 countries for the 

period 1995 to 

2000 

Econometric 

Model 

Mobile 

Penetration 

High wealth, 

low user cost 

and a large 

user base 

Kauffman 

and 

Techatassanas

oontorn  

2005 

43 developing and 

developed 

countries until 

2004 

Fixed effect 

panel data 

model (auto 

regression 

model) 

Mobile 

Penetration 

Telecommuni

cations 

infrastructure, 

competition, 

lower network 

access costs, 

fewer 

standards and 

regional 

contagion 

Garbacz and 

Thompson   
2007   

27 developing 

countries for the 

period 1996 to 

2003 

A telephone 

demand model 

Residential 

landline and 

mobile 

penetration 

Residential 

landline and 

mobile 

substitute 

Chu et al. 2009 Taiwan 
Econometric 

Model 

Mobile 

penetration 

Competition, 

mobile phone 
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3.4  Spectrum management models 

 

Hazlett et al. (2007) investigated the economic benefits of good spectrum management 

policies in El Salvador and Guatemala. They wanted to establish if liberal reforms in radio 

spectrum management through property rights enabled competitive markets. They found 

evidence that in the mobile telephony markets, liberal reforms led to competitiveness in retail 

markets and high rates of deployment. The researchers also discovered that these reforms had 

a positive and statistically significant effect on spectrum availability. They therefore 

concluded that there was a link between liberal reforms and consumer welfare gains. 

The models used were: 

SPE =f (LIB, GDPPC, FRAZER, POP, PDENS) 

HHI =f (LIB, GDPPC, FRAZER, POP, PDENS, INDUSTRY, LCOST) 

RP =f (LIB, HHI, GDPPC, FLINE, FPRICE, FRAZER, POP, PDENS) 

OUTPUT (MOU) =f (SPE, HHI, GDPPC, FLINE) where 

 SPE: Bandwidth (spectrum in MHz available to mobile phone operators); 

 HHI: Herfindahl-Hirschman Index for mobile phone sector in a country 

(concentration by revenues) during a certain period; 

 RP: Price, average revenue per minute of use, prepaid and post-paid; 

 MOU: Average monthly minutes of use per person in country during a certain period; 

 LIB: Liberal dummy; 

 GDPPC: GDPC in US$; 

 INDUSTRY: Industrialisation (Ratio of GDP associated with industry); 

 LCOST: Cost of hiring workers; 

 FLINE: Fixed lines per 100 inhabitants; 

 FPRICE: Fixed line price; 

 POP: Total population; 

 PDENS: Population density. 

 

Hazlett and Muñoz (2006a, 2009a) investigated a welfare analysis of spectrum allocation 

policies in Latin America in order to explore the relationship between spectrum policy and 
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efficiency in output markets. They discovered that in mobile markets, empirical estimates 

suggest that countries allocating greater bandwidth to licenced operators and achieving more 

competitive markets realise demonstrable social welfare benefits. 

The model used was of the form: 

RPM = f(Q, HHI, SPE, DENS, AUCT, AGDPPC, FPRICE, NPTCPP) where 

 RPM: Revenue per minute in US$ for mobile voice services; 

 Q: Output measured as total minutes of use per month (totmin); 

 AUCT: Dummy variable, = 1 if wireless licence is awarded via auction;0 otherwise 

 AGDPPC: Adjusted GDPC in US$; 

 FPRICE: Fixed price (mean price of a 3-minute call in US$ using fixed network (peak 

period)); 

 NOTCPP: Dummy variable, = 1 if the market is not using calling party pays rule; 

 DENS: Population density; 

 SPE: Bandwidth (spectrum in MHz available to mobile phone operators); 

 HHI: Herfindahl-Hirschman Index for the mobile phone sector in a country 

(concentration by revenues) during a certain period. 

 

The researchers used a panel dataset of 29 countries for the period Jan 1999 to June 2003 to 

try to identify the main determinants of social welfare in mobile markets. They discovered 

that allocated spectrum and the degree of market competitiveness are the most important 

factors in this relationship and that each is influenced by government regulation. 

 

Hazlett and Muñoz (2006b, 2009b) carried out an economic analysis of spectrum allocation 

policies in Latin America using an empirical model and mobile phone data for 40 

international markets. Their aim was to evaluate the spectrum allocation policies in place, to 

estimate potential gains from spectrum liberalisation and to discuss the prospects for 

spectrum market reforms.  

They found that liberal use of the radio spectrum led to very large social gains. They also 

discovered that there was a social value to allocating additional spectrum to mobile phone 

markets and that liberalisation was conducive to innovation and competitive entry. 
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The model employed was of the form: 

SPE =f (POP, GDPC, POPD, NOTCPP, LAD, AUCT) where the variables are defined as 

previously 

 AUCT: Dummy variable, = 1 if wireless licence is awarded via auction;0 otherwise; 

 GDPC: Gross domestic product per capita in US$; 

 NOTCPP: Dummy variable, = 1 if the market is not using calling party pays rule; 

 POPD: Population density; 

 SPE: Bandwidth (spectrum in MHz available to mobile phone operators); 

 POP: Total population; 

 LAD: Latin American dummy. 

 

In conclusion, Hazlett and Muñoz (2006a, 2009a) discovered that the main determinants of 

social welfare in mobile telephone markets were: 

 

 The amount of spectrum allocated; and 

 The degree of market competitiveness. 

 

These are in turn influenced by government regulation. In other words, social welfare =f 

(spectrum, competition) = f (regulation). 

 

In conclusion, liberal reforms have resulted in efficient spectrum usage as well as in 

economic and social welfare gains in these countries. In Hazlett and Muñoz (2006b, 2009b), 

the researchers also empirically demonstrate that there is an economic value to allocating 

more bandwidth to wireless telephone markets, while Hazlett et al. (2007) also drew similar 

conclusions. 
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Table 3.3 Spectrum management models 

Author(s) Date Data employed Methodology 
Response 

Variable 

Influential 

Variable(s) 

Hazlett et 

al.) 
2007 

El Salvador and 

Guatemala 

Econometric 

Model 
SPE 

 Liberal 

reforms led to 

competitivene

ss in retail 

markets, 

spectrum 

Hazlett and 

Muñoz  
2006a 

29 countries for the 

period Jan 1999 to 

June 2003 

Empirical 

model 
RPM 

Allocated 

spectrum and 

the degree of 

market 

competitivene

ss, regulation 

Hazlett and 

Muñoz 
2006b 

40 international 

markets. 

Empirical 

model 
SPE 

Allocated 

spectrum and 

the degree of 

market 

competitivene

ss, regulation 

 

3.5  Models for broadband penetration 

 

As highlighted in the previous chapter, many efforts have been made by researchers and 

policy makers to measure the social and economic impact of broadband penetration. Many 

studies have investigated the relationship between broadband penetration and other factors 

such as GDP per capita, the Human Development Index, the Quality of Life Index. The 

conclusions drawn from these studies have been amongst others that broadband is important 

in improving quality of life and it is also a powerful catalyst for growth. 

In investigating the determinants of broadband penetration in OECD countries, Grosso (2006) 

used an empirical model based on generalised least squares multiple regression analysis of a 

dataset from 1999 to 2005. The resultant model was: 

PEN =f (HHI, GDPPC, FINT, ULL) where 

  

PEN: The level of penetration; 

HHI: The concentration index; 
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GDPPC: GDP per Capita; 

FINT: Fixed Internet penetration; 

ULL: Unbundling local loop. 

 

All the variables considered in the analysis were found to drive broadband penetration. 

 

In another analysis of the determinants of global broadband diffusion, Lee (2008) used a 

logistic model based on 240 observations for broadband services in 30 OECD countries from 

1999 to 2006 and a linear regression model of broadband penetration based on 220 

observations for broadband services in 56 countries for the period 2003 to 2006. 

Lee (2008), in this empirical analysis of the determinants of the global broadband 

deployment, employed a linear model of broadband diffusion of the form: 

BPR = f (PC, FBP, SP, INC, ICTI, EDU, POPD, PMB, CONT, IU, TELEDENS, IIB, IE, LLU) 

where 

 

BPR: Fixed broadband subscribers per 100 inhabitants; 

PC: Platform Competition; 

FBP: Fixed Broadband Price; 

SP: Broadband Speed; 

INC: Income which is GDP per capita; 

ICTI: ICT Infrastructure (Estimated PCs per 100 inhabitants); 

EDU: Education; 

POPD: Population Density; 

PMB: Price of Mobile Broadband; 

CONT: Broadband content (Internet hosts per 100 inhabitants); 

IU: Internet Usage; 

TELEDENS: Teledensity; 

IIB: International Internet Bandwidth; 

IE: Institutional Environment; 

LLU: Local Loop Unbundling Policy. 
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The results of this empirical study might show that platform competition, Local Loop 

Unbundling Policy (LLU), broadband speed, information and communications technology 

(ICT) infrastructure, Internet use, population density, international Internet bandwidth, 

content, and institutional environment contribute to global broadband adoption. 

Vicente Curvo and López Menéndez (2006) investigated the determinants of broadband 

adoption over a three-year period from 2000 to 2002 using data from 30 OECD countries and 

a model of the form: 

BPEN = f(BP, COMP, INFIN, TSP, II, EI, DI, EI, SI), where  

BPEN: Broadband penetration; 

BP: Broadband price; 

COMP: Competition; 

INFIN: Infrastructure investment; 

TSP: Telecom services penetration; 

II: Internet Indicators; 

EI: Economic indicators; 

DI: Demographic indicators; 

EI: Education indicators; 

SI: Social indicators. 

The researchers discovered that the most significant factors were technological competition, 

broadband cost, infrastructure investment, economic and demographic indicators. 

Grosso (2006) used a dataset of 30 OECD countries for the period 2001 to 2004 and a model 

of the form: 

BPEN =f (COMP, INC, UNB, FIPEN), where  

BPEN: Broadband penetration; 

COMP: Competition; 
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INC: Income; 

UNB: Unbundling; 

FIPEN: Fixed Internet penetration. 

In the empirical analysis, the main factors in determining broadband penetration were found 

to be competition, income and unbundling. 

Table 3.4 Models for broadband penetration 

Author(s) Date Data employed Methodology 
Response 

Variable 

Influential 

Variable(s) 

Grosso  2006 
Dataset from 1999 to 

2005 

Empirical model 

based on 

generalised least 

squares multiple 

regression 

analysis 

PEN 
HHI,GDPPC,FI

NT,ULL 

Lee  2008 

30 OECD countries 

from 1999 to 2006, 

56 countries for the 

period 2003 to 2006 

Used a logistic 

model, and a 

linear regression 

model of 

broadband 

penetration 

BPR 

Platform 

competition, 

Local Loop 

Unbundling 

Policy (LLU), 

broadband 

speed, 

information and 

communications 

technology 

(ICT) 

infrastructure, 

Internet use, 

population 

density, 

international 

Internet 

bandwidth, 

content, and 

institutional 

environment 

Cava-

Ferreruela and 

Alabau-Muñoz  

2006 

2000 to 2002 using 

data from 30 OECD 

countries 

Econometric 

Model 
BPEN 

Technological 

competition, 

broadband cost, 

infrastructure 

investment, 

economic and 

demographic 

indicators. 
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3.6  Models for the impact of price and other factors such as political 

stability on telecommunications proliferation 

 

The role of prices on telecommunications proliferation has also been analysed by certain 

researchers with the aim of trying to establish whether price has a negative or positive impact 

on the telecommunications sector growth and expansion. Other researchers have also 

attempted to analyse the impact of interconnection charges especially mobile termination 

rates on telecommunications proliferation. 

The impact of price decreases on telephone and cell phone diffusion was studied by Bagchi et 

al. (2008). They used a model which is described as an adjusted logistic model. The empirical 

analysis was based on a model of the form: 

DRATE = f (GDPC, TECH, SOCIAL, DIFFS, PRICE, POLSTAB, BUCRAT) where the 

acronyms represent the following: 

DRATE: Rate of diffusion per 1000 (Telephone, cell phone); 

PRICE: Price Effect (Impact of price on ICT diffusion); 

GDPC (Economy); 

TECH: Technical infrastructure (Average telephone, cell, PC and Internet); 

SOCIAL: Social infrastructure (Tertiary education enrolment); 

DIFFS: Stage of diffusion; 

POSTAB: Institutional factors (Political stability and bureaucratic efficiency); 

BUCRAT: Bureaucratic efficiency (Government performance at a given time). 

 

The researchers concluded that price (low prices) has a positive effect on telecommunication 

growth and that the effect of price is stronger for telephones than cell phones. 

 

Other researchers have investigated the role of interconnection charges, especially mobile 

termination rates, on mobile proliferation and economic growth. Littlechild (2006) analysed 

mobile termination charges by comparing the calling party pays (CPP) and the receiving 

party pays (RPP) principles and the change from one to the other. 

The models used were the following: 
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ARPM =f (GDPC, HNI, FPEN, PGSM, CSMT, NMP, MS, PPS, MNP, RPP, CH) 

 AMUM =f (GDPC, HNI, FPEN, PGSM, CSMT, NMP, MS, PPS, MNP, RPP, CH) 

MPEN =f (GDPC, HNI, FPEN, PGSM, CSMT, NMP, MS, PPS, MNP, RPP, CH) 

where the acronyms represent the following: 

ARPM: Average revenue per minute; 

AMUM: Average minutes of use per month; 

MPEN: Mobile penetration; 

GDPC: Gross domestic product to measure income; 

FPEN: Fixed penetration; 

HNI: High national income (dummy for countries exceeding US$10000/capita); 

PGSM: Proportion of subscribers on GSM; 

CSMT: Concentration of subscribers in mobile technologies; 

NMP: Number of mobile players; 

MS: Market share; 

PPS: Proportion of prepaid subscribers; 

MNP: Mobile number portability; 

RPP: Dummy variable for RPP policy; 

CH: Dummy variable for a change from RPP to CPP. 

Using data from 84 countries, a number of results emanated from this research. Using RPP or 

CPP or the change from one to the other, reduces the average revenue per minute and also 

increases the average usage. 

In the table, two such studies are noted. 
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Table 3.5 Models for the impact of price and other factors like political stability on 

telecommunications proliferation 

 

Author(s) Date Data employed Methodology 
Response 

Variable 

Influential 

Variable(s) 

Bagchi et al. 2008 1995 
Adjusted 

logistic model 
DRATE Low prices 

Littlechild  2006 84 countries 
Regression 

studies 

ARPM, 

AMUM, 

MPEN 

ARPM, 

AMUM 

 

In the next paragraph, the impact of liberal reforms in the telecommunications sector is 

considered. 

 

3.7  Models for the impact of telecommunications liberalisation 

 

Fink et al. (2003) analysed the effect of policy reform on sectoral performance using a panel 

dataset of 86 countries from developing countries for the period 1985 to 1999. They found 

that privatisation and competition lead to improvements on sectoral performance and that 

telecommunication progress as well as other factors, which the authors consider autonomous, 

have a strong influence on telecommunication performance. The model used was of the form: 

Mainlines = f (T, GDPC, Popn, Comp, PRIV, Reg, Mobile)  

Mobile = f (T, GDPC, Popn, Comp, DigIntro, Mainlines) 

 where 

 Mainlines: Main lines per 100 inhabitants; 

 T: Time; 

 GDPC: Gross domestic product per capita; 

 Popn: Population; 

 Comp: Competition; 

 PRIV: Privatisation; 

 Reg: Regulation; 
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 Mobile: Mobile subscribers per 100 people; 

 DigIntro: Technological progress through the introduction of digital services. 

 

In as far as telecommunications liberalisation and regulatory governance are concerned, 

Gutiérrez and Berg (2000) investigated the potential impact of a sound regulatory framework 

on the level of investment in telecommunications in Latin American and Caribbean countries 

from 1985 to 1995. They used a model of the form: 

MLINES = f (GDPC,TRADE, POPDEN, EFREEI, TREGL, GOVTYPE, CELLSUB) 

where the acronyms are defined as: 

 MLINES: Main phone lines installed per 100 inhabitants; 

 GDPC: GDP per capita in US$1990; 

 TRADE: Sum of exports plus imports over GDP; 

 POPDEN: Population per square km; 

 EFREEI: Economic freedom index; 

 TREGL: Regulatory framework index in telecommunications; 

 GOVTYPE: Democracy index; 

 CELLSUB: Cellular subscribers per 100 inhabitants. 

 

Their findings were that: 

 Institutional factors have a significant and positive impact on the deployment of 

telephone main-lines. 

 GDPC and economic freedom were also significant determinants of teledensity. 

 The number of cellular subscribers has a positive impact on main lines indicating 

either complementarity between the services or the effect of competitive pressure. 

 Both economic and institutional factors are important determinants of 

telecommunications investment.  

 

Li and Xu (2004) investigated the impact of privatisation and competition in the 

telecommunications sector around the world using a panel dataset of 160 countries for the 



 

71 
 

period 1981 to 1998. In this research, they found evidence of a complementary relationship 

between privatisation and competition and that both factors exerted a positive impact on 

output growth. They also discovered that competition had a greater impact on output growth 

than privatisation. The variables considered in this empirical analysis were: 

 

Dependent variables: 

 L: No of employees; 

 IPC: The total investment per capita; 

 Q: Real output; 

 FIXDENS: Fixed Density ( Number of phone lines per 100 inhabitants); 

 Mobile Density: Number of mobile lines per 100 inhabitants; 

 Q/L: Labour productivity. 

Control variables: 

 GDPC: Real GDPC ; 

 POP: Total population in the country; 

 Urbanisation: Urban population as a % of total population. 

Other variables considered were: 

 PRIV: Privatisation (Full or partial), 

 NSS: Non-state share (Average share of non-state ownership for the incumbent 

operator for a country in a year); 

 EXCLU: Indicating that privatised incumbents were given exclusive access to certain 

market segments; 

 SIP: Share issue privatisation indicating whether the country privatised its 

telecommunications operator through share issue privatisation; 
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 NFIXED: Total number of fixed phone operators; 

 NMOBILE: Total number of mobile phone operators; 

 COMPFIRM: An index indicating the extent of competition in the 

telecommunications sector including both fixed and mobile segments. 

The main regression models considered in this empirical analysis were the following: 

PRIV = f (L, IPC, Q, FIXDENS, MOBDENS, Q/L) 

L =f (PRIV, NSS, EXCLU, SIP, NFIXED, NMOBILE, PRIV*COMPFIRM) 

L=f (POP, URBAN, GDPC, PRIV, EXCLU, SIP, COMPFIRM, NFIXED, NMOBILE, 

PRIV*COMPFIRM) 

IPC = f (PRIV, NSS, EXCLU, SIP, COMPFIRM, NFIXED, NMOBILE, 

PRIV*COMPFIRM) 

Q = f (PRIV, NSS, EXCLU, SIP, COMPFIRM, NFIXED, NMOBILE, PRIV*COMP) 

 

The impact of telecommunications liberalisation on sector performance and economic growth 

was measured by Djiofack-Zebaze and Keck (2009). The aim of the empirical analysis was to 

estimate the impact of telecommunications liberalisation on sectoral performance in terms of 

price and penetration and to study the implications of the reforms on economic growth in 

Africa.  

Their findings were that competition and better regulation lead to lower prices and improved 

availability of telecommunications services in the mobile and fixed segments not only in 

Africa, but also globally. They also discovered that telecommunications reforms had a 

positive impact on economic growth in Africa. 

Some of the models used were of the form: 

GDPC = f (MPEN, INV, INF, EDUC, LIFE, TRADE, POLSTAB), 

MPEN =f (POP, MOBS, POPD, FPEN, UPOP, TIME) 

MPBS = f (ECON, WAR, POP, REGQ, REFP, GATTSC) where  
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MPEN: Mobile penetration; 

INV: Investment; 

INF: Inflation; 

EDUC: Education; 

LIFE: Life expectancy; 

TRADE: Trade openness; 

POLSTAB: Political stability; 

MOBS: Number of mobile operators; 

POP: Population; 

POPD: Population density; 

FPEN: Fixed penetration; 

UPOP: Urban population; 

TIME: Time trend; 

ECON: Relative size of economy; 

WAR: War situation (Potential or presence of); 

REGQ: Regulatory quality; 

REFP: Regulation reference paper score; 

GATTSC: GATS commitments score. 

 

In their findings, they estimated the impact of telecommunications liberalisation on sectoral 

performance in terms of price and penetration and discovered that competition and regulatory 

reforms lower telecommunication prices and improve access. They used data from 177 

countries with 45 from sub-Saharan Africa for the period 1997 to 2003. 

All the variables used in this empirical analysis are listed in the table below: 
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Table 3.6 Indicators considered 

Variable Description Source 

Price Mobile Cost of a 3 minute call from mobile to 

another; annual bill of average subscriber. 

ITU 

Price Local Fixed Cost of a 3 minute call from local fixed line; 

annual bill of average subscriber. 

ITU 

Price International Fixed Cost of a 3 minute call to the United States. WDI 

Penetration Mobile Percentage of population subscribed and 

having telephone service activated within 

the last 9 months. 

ITU 

Penetration Fixed Percentage of population subscribed. ITU 

Unilateral Openness Number of operators per segment ITU 

Unilateral regulation Independence score of the regulatory 

authority multiplied by the number of years 

in existence. 

ITU 

Multilateral Openness GATS commitments score. WTO 

Multilateral Regulation Reference paper score. WTO 

Quality of telecom services Share of digital lines per segment. ITU 

Income GDP per Capita. WDI 

Population density Percentage of population per square 

kilometer. 

WDI 

Population Size Total number of inhabitants, urban 

population. 

WDI 

Governance Kaufmann governance indicators: 

regulatory quality, policy stability, 

corruption control. 

WB 

Other Growth determinants Ratio of secondary schooling, life 

expectancy, share of exports in GDP, 

inflation, gross fixed capital formation. 

WDI 
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The work on the impact of regulation on economic growth in developing countries by Jalilian 

et al. (2007) demonstrated a strong causal relationship between regulatory quality and 

economic growth, using the Douglas-Cobb production function. 

The variables included in this model are: 

GDP Per Capita growth, govt effectiveness, regulatory quality, gross capital formation, initial 

gdp per capita, schooling, trade, inflation, govt expenditure, where the dependent variable is 

long run growth of GDP per capita (1980- 2000). 

Table 3.7 The impact of telecommunications liberalisation 

Author(s) Date Data employed Methodology 
Response 

Variable 

Influential 

Variable(s) 

Jalilian et al.  2007 1980- 2000 

Douglas-Cobb 

production 

function 

GDP per 

capita 

Regulatory 

quality 

Djiofack-

Zebaze and 

Keck  

2009 

177 countries with 

45 from Sub-

Saharan Africa 

period 1997 to 

2003. 

Econometric 

Models 

(regression) 

GDPC 

MPEN 

MPBS 

Competition 

and 

regulatory 

reforms 

lower 

telecommuni

cations prices 

and improve 

access 

Li and Xu  2004 

Panel dataset of 

160 countries for 

the period 1981 to 

1998. 

Regression 

L,IPC,Q,FIX

DENS, 

Mobile 

Density, Q/L 

Privatisation 

and 

competition 

Gutiérrez and 

Berg  
2000 

Latin American 

and Caribbean 

countries from 

1985 to 1995 

Econometric 

model 
MLINES 

GDPC and 

economic 

freedom, 

cellular 

subscribers 

Fink et al.  2003 

Dataset of 86 

countries from 

developing 

countries for the 

period 1985 to 

1999 

Econometric 

model 

Mainlines, 

Mobile 

Privatisation 

and 

competition 
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3.8  Conclusion 

 

One of the findings in this chapter is that the models investigated for proliferation are by no 

means simplistic and there are many situations where multi-tier models occur. For example, a 

factor that affects proliferation is spectrum management. However there are models that can 

be considered for spectrum management. 

In conclusion, it can be said that the picture that emerges is that wealthy countries have a 

higher or more extensive proliferation of mobiles. This research will have to be refined since 

there appears to be a chicken and egg effect here in the sense that it could be argued that 

affluent countries require technology as part of their lifestyle choices. This information is 

interesting and useful for affluent countries but not so for poorer countries since the idea is to 

alleviate poverty by actively encouraging proliferation. However, the following questions are 

mainly not addressed by the models and relationships found in the literature: 

1. How can the models obtained be used to improve matters? 

2. What is the effect of a specific variable? 

3. How strong is the effect relative to other indicators? 

4. What about cost-benefit considerations? 

 

The above mentioned shortcomings of previous research are some of the reasons why a 

different approach is employed in this research methodology. The current researcher attempts 

to quantify the effect of a variable and provide cost-benefit analyses of the factors; 

differentiating between high-cost benefit factors while also classifying the factors into 

decision and state variables. This methodology, based largely on the LRSA technique, is the 

focus in later chapters. 
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CHAPTER 4 

DATA SELECTED FOR EMPIRICAL WORK 
 

4.1  Introduction 
 

This chapter describes the data used in the empirical analysis including the data sources and 

some of the data collection challenges that were faced during the course of the research. Data 

were collected for 160 units/countries of which 48 were situated in Africa. 

In order to successfully carry out an empirical analysis for experiments with this focus, the 

following had to be considered carefully: 

 How to select a dataset for testing: 

 The dataset has to be reasonably large (at least 100 countries); 

 Representative in terms of developed/developing countries; 

 Determine whether it was a global dataset; and 

 It must contain the main important factors that affect proliferation (identified in the 

previous chapters). 

 

A large dataset consisting of telecommunications, political, social and economic indicators 

was compiled for this empirical analysis. The next section looks at these indicators. 

 

4.2  Factors considered for the research 

 

Indicators were identified for possible use as explanatory variables including some that were 

combined to form a common index. These are given in Table 4.2 below. The data were 

identified from the literature and from experimental models. The 160 units considered in the 

empirical analysis are indicated in appendix A. 

The four possible response variables or dependent variables are presented in Table 4.1 below. 
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Table 4.1 Dependent Variables 

MLT 

FLT 

BSH 

IDI 

 

Table 4.2 Independent Variables 

MO INFRA GDP(GNI) TELCOST 

INSTIT SPE GDPC EFFICI 

FDI FC    EFI TF 

GNIC TRADE INNOV ILC 

BUSCOST PROD INSTREFS ALR 

 

The full definitions of the variables/factors are furnished in Section 4.4. The representation of 

the acronyms appears in the list below. 

• Total Mobile Lines (MLT) 

• Total Fixed Lines (FLT) 

• Broadband Subscribers per 100 inhabitants (BSH) 

• Gross National Income per Capita (GNIC) 

• Gross Domestic Product Per Capita (GDPC) 

• Number of Mobile Operators (MO) 

• Efficiency (EFFICI) 

• Telecommunication Costs (TELCOST) 

• Innovation (INNOV) 

• Institutions (INSTIT) 
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• Infrastructure (INFRA) 

• Value added in agriculture (VAA) 

• Value added in industry (VAI) 

• Value added in services (VAS) 

• Foreign Direct Investment (FDI) 

•  Bandwidth (SPE) 

• Economic Freedom Index (EFI) 

• Trade Freedom (TF) 

• Freedom from Corruption (FC) 

• Trade (TRADE) 

• Intensity of Local Competition (ILC) 

• Business Cost (BUSCOST) 

• Regulatory Quality (RQ) 

• Rule of Law (RL) 

• Government Effectiveness (GE) 

• Voice Accountability (VA) 

• Political Stability (PS) 

• Control of Corruption (CC) 

• Press Freedom (PF) 

• Adult Literacy Rate (ALR)  

 

The indicators above were drawn from different sources. The next section describes these 

sources. 
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4.3  Sources of data 

 

The main data sources were the: 

• World Bank (WB) 

• International Telecommunication Union (ITU) 

• United Nations (UN) 

• International Monetary Fund (IMF) 

• The Heritage Foundation (HR) 

 

These and other sources are discussed briefly in the next section. 

4.3.1  The World Bank 

 

The World Bank compiles data annually on various factors from the World Development 

Indicators (WDI) publication. For this research, the 2010 WDI was used, which includes 

more than 800 indicators in over 80 tables, organised into 6 sections: World View, People, 

Environment, Economy, States and Markets, and Global Links. Data are displayed for 153 

economies with populations of more than 1 million in selected tables. The WDI is one of the 

main sources consulted in this research. 

4.3.2  International Telecommunication Union (ITU) 

 

The ITU as a UN agency collects ICT statistics through two annual questionnaires that are 

sent to government agencies in charge of telecommunications in individual countries. 

The data are stored and disseminated via a database called the World 

Telecommunication/ICT indicators database (ITU, 2010a). The Yearbook of statistics (ITU, 

2010b) is also used by the ITU to distribute information. 

For this research, the researchers bought and utilised these two documents (ITU, 2010a, 

2010b). Other data are also available for free on an annual basis from the ITU website under 

the heading ICT-eye, but only for a limited number of indicators compared to the two 
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publications mentioned above (ITU, 2010a, 2010b), which are very detailed in terms of the 

number of factors considered and their analysis. 

The Yearbook of Statistics has been published annually for over 30 years while the World 

Telecommunication/ICT indicators database can be bought online and downloaded from the 

ITU web site. The data are also available online at www.itu.int. 

The ITU was also one of the main sources of data for this study. 

 

4.3.3  International Monetary Fund (IMF) 

 

The IMF through the World Economic Outlook (WEO) database publishes macroeconomic 

data. The WEO is released in April and September each year and it can be used to find data 

on national accounts, inflation, unemployment rates, balance of payments, fiscal indicators, 

trade for countries and country groups (aggregates) as well as commodity prices whose data 

are reported by the IMF. The data are available from 1980 to the present. 

 

4.3.4  United Nations (UN) 

 

The UN also has different agencies that liaise with the above organisations to share and also 

utilise data from them. 

 

4.3.5  The Heritage Foundation (HF) 

 

The Heritage Foundation is an American public policy research institute based in 

Washington, D.C, which was founded in February 1973. Its mission is to formulate and 

promote conservative public policies based on the principles of free enterprise, limited 

government, individual freedom, traditional American values and a strong national defense. It 

publishes data for measuring freedom such as TF, FC, EFI, and so forth. The data are also 

available online at http://www.heritage.org. 
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4.3.6  Other sources considered include: 

 

 The Global Wireless Matrix: Quarterly Update on Global Wireless Industry Metrics 

from Merrill Lynch 2Q04. This group has been a victim of the global financial crisis 

and was consulted only during the initial phases of this research. 

 www.Nationmaster.com. 

 www.oecd.org. 

 www.internetworldstats.com/stats.htm. 

 www.weforum.org 

 www.freedomhouse.org 

 www.doingbusiness.org/CustomQuery 

 

The indicators given above are defined verbatim in the next section from the sources 

highlighted above in Section 4.3. 

4.4  Definition of the variables 

 

The following definitions of EFI, TF and FC are derived from HR (2010) verbatim. 

Economic Freedom (EF) 

This is that part of freedom that is concerned with the material autonomy of the individual in 

relation to the state and other organised groups. An individual is economically free if s/he can 

fully control his or her labour and property. This economic component of human liberty is 

related to —and perhaps a necessary condition for— political freedom, but it is also valuable 

as an end in itself. 

 

Trade Freedom (TF) 

It is a composite measure of the absence of tariff and non-tariff barriers that affect imports 

and exports of goods and services.  
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Freedom from Corruption (FC) 

It is based on quantitative data that assess the perception of corruption in the business 

environment, including levels of governmental legal, judicial and administrative corruption.  

 

Each one of the measures of freedom is graded using a scale from 0 to 100, where 100 

represents maximum freedom. 

The definitions below were extracted from the sources indicated. 

Gross Domestic Product (GDP) 

This is the market value of all final goods and services produced within a country during a 

given time period. There are two ways to measure GDP: 

 Nominal GDP is the dollar value of production at current-year prices.  

 Real GDP is the dollar value of production using  given base-year prices.  

 

The GDP deflator measures changes in the overall level of prices for the goods and services 

that make up GDP. It is simply the ratio of nominal to real GDP times 100 (Schwab, 2010; 

WB, 2010a, 2010b). 

 

GDP per capita (GDPC) 

 

This is calculated by dividing either nominal or real GDP for a given year by the population 

in that year. These numbers can be thought of as the average share of output per person. 

(Schwab, 2010; WB, 2010a, 2010b). 

Trade (TRADE) 

The sum of exports and imports of goods and services, measured as a share of GDP (WB, 

2010a, 2010b). 

 



 

84 
 

Intensity of Local Competition (ILC) 

 

This is based on the statistical score on a 1-7 scale of a large sample group in a particular 

country responding to the question of whether competition in the local markets is intense in 

their country. (1= limited in most industries and price-cutting is rare, 7 = intense and market 

leadership changes over time) (Schwab, 2010; WB, 2010a, 2010b). 

Cost to Register a Business (BUSCOST) 

Official costs of business registration (WB, 2010a, 2010b). 

 

GOVERNANCE (INSTREFS) 

GOVERNANCE = f (Regulatory Quality, Rule of Law, Government Effectiveness,  

Voice and Accountability, Political Stability, Control of Corruption, Press Freedom) (WB, 

2010a, 2010b). 

1. Regulatory Quality (RQ) 

This indicator measures the incidence of market-unfriendly policies such as price controls or 

inadequate bank supervision as well as perceptions of the burdens imposed by excessive 

regulation in areas such as foreign trade and business development (WB, 2010a, 2010b). 

2. Rule of Law (RL) 

This indicator includes several indicators, which measure the extent to which agents have 

confidence in and abide by the rules of society. These include perceptions of the incidence of 

both violent and non-violent crime, the effectiveness and predictability of the judiciary as 

well as the enforceability of contracts (WB, 2010a, 2010b). 

3. Government Effectiveness (GE) 

This indicator combines into one grouping perceptions of the quality of public service 

provision, the quality of the bureaucracy, the competence of civil servants, the independence 

of civil service from political pressures and the credibility of government's commitment to 

policies (WB, 2010a, 2010b). 
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4. Voice and Accountability (VA) 

This is a composite indicator and comprises a number of individual indicators measuring 

various aspects of the political process, civil liberties and political rights. This index 

measures the extent to which citizens of a country are able to participate in the selection of 

governments. Also included are indicators measuring the independence of the media, which 

serves an important role in monitoring those in authority and holding them accountable for 

their actions (WB, 2010a, 2010b). 

5. Political Stability (PS) 

This index combines several indicators which measure perceptions of the likelihood that the 

government in power will be destabilised or overthrown by possibly unconstitutional means 

and/or violent means. This index captures the idea that the quality of governance in a country 

is compromised by the likelihood of wrenching changes in government, which not only has a 

direct effect on the continuity of policies, but also at a deeper level undermines the ability of 

the citizens to peacefully select and replace those in power (WB, 2010a, 2010b). 

6. Control of Corruption (CC) 

This indicator corresponds to "graft" measures of corruption. Notably, corruption measured 

by the frequency of "additional payments to get things done" and the effects of corruption on 

the business environment (WB, 2010a, 2010b). 

7. Press Freedom (PF) 

This refers to the cumulative score of the degree of press freedom in a country. Countries 

scoring 0 to 30 are regarded as having "Free" media; 31 to 60, "Partly Free" media; and 61 to 

100, "Not Free" media (WB 2010a, 2010b). 

Adult Literacy Rate (ALR) 

Adult literacy rate is the percentage of people aged 15 and above who can, with insight read 

and write a short, simple statement on their everyday life (WB, 2010a, 2010b). 

Telephone Mainlines in Thousands (FLT) 

Telephone mainlines are telephone lines connecting a customer's equipment to the public 

switched telephone network (ITU, 2010a, 2010b; Schwab, 2010; WB, 2010a, 2010b). 



 

86 
 

Mobile Phones in Thousands (MLT) 

Mobile telephone subscribers are subscribers to a public mobile telephone service using 

cellular technology (ITU, 2010a, 2010b; Schwab, 2010; WB, 2010a, 2010b). 

Bandwidth (SPE) 

This is the contracted capacity of international connections between countries for transmitting 

Internet traffic (ITU, 2010a, 2010b; Schwab, 2010; WB, 2010a, 2010b).  

Mobile broadband subscriptions per 100 inhabitants (BSH) 

Mobile broadband subscriptions refer to subscriptions to mobile cellular networks with 

access to data communications (e.g., the Internet) at broadband speeds (here defined as 

greater than or equal to 256 kbit/s in one or both directions) such as W-CDMA, HSDPA, 

CDMA2000 1xEV-DO, CDMA 2000 1xEV-DV, and so forth, irrespective of the device used 

to access the Internet (handheld computer, laptop or mobile cellular telephone, etc.) (ITU, 

2010a, 2010b; Schwab, 2010; WB, 2010a, 2010b). 

The ICT Price Basket (TELCOST) 

The telecommunication cost is composed of three price sub-baskets representing the cost of 

fixed-line telephony, mobile cellular telephony and broadband Internet services in a given 

country. The final ICT Price Basket is the value computed as the sum of the price of each 

sub-basket (in US$) as a percentage of a country‘s monthly GNI per capita (World Bank, 

US$, Atlas Method), divided by three. The ICT Price Basket is meant to help policy makers 

evaluate the cost of ICTs in their country and to benchmark them against other countries 

(ITU, 2010a, 2010b; Schwab, 2010; WB, 2010a, 2010b). 

Institutions (INSTIT) 

The institutional environment is determined by the legal and administrative framework within 

which individuals, firms and governments interact to generate income and wealth in the 

economy (Schwab, 2010). 
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Quality of overall infrastructure (INFRA) 

The assessment of general infrastructure (e.g., transport, telephony and energy) in a country; 

[1 = extremely underdeveloped; 7 = extensive and efficient by international standards] | 

2009–10 weighted average (Schwab, 2010). 

 

Foreign direct investment, net inflows (FDI) 

 

FDIs are investments made to acquire a lasting management interest in an enterprise 

operating in an economy other than that of the investor. They are the sum of inflows of equity 

capital, reinvestment of earnings, other long-term capital and short-term capital as shown in 

the balance of payments (WB, 2010a, 2010b). 

 

Gross national income (GNI)  

 

GNI is the sum of value added by all resident producers plus any product taxes (less 

subsidies) not included in the valuation of output plus net receipts of primary income 

(compensation of employees and property income) from abroad. GNI, calculated in national 

currency, is usually converted to US dollars at official exchange rates for comparisons across 

economies.  

The World Bank Atlas method is used to smooth fluctuations in prices and exchange rates. It 

averages the exchange rate for a given year and the two preceding years, adjusted for 

differences in rates of inflation between the country and the Euro area, Japan, the United 

Kingdom and the United States GNI PPP, is gross national income (GNI) converted to 

international dollars using purchasing power parities (PPP). An international dollar has the 

same purchasing power over GNI as a US dollar in the United States (WB, 2010a, 2010b). 
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GNI per capita, PPP 

 

GNIC PPP is gross national income (GNI) converted to international dollars using purchasing 

power parities (PPP), divided by midyear population. An international dollar has the same 

purchasing power over GNI as a US dollar in the United States (WB, 2010a, 2010b). 

 

Value added in agriculture (VAA) 

 

VAA is the net output of agriculture (International Standard Industrial Classification 

divisions 1–5 including forestry and fishing) after totalling outputs and subtracting 

intermediate outputs (WB, 2010a, 2010b). 

 

Value added in industry (VAI) 

 

This is the net output of industry (International Standard Industrial Classification divisions 

10–45, which includes mining, manufacturing, construction, electricity, water, and gas) after 

totalling outputs and subtracting intermediate inputs (WB, 2010a, 2010b). 

 

Value added in services (VAS) 

 

VAS is the net output of services after totalling outputs and subtracting intermediate inputs. 

This sector is derived as a residual and may not properly reflect the sum of services outputs, 

including banking and financial services (WB, 2010a, 2010b). 

 

PROD = f (VAA, VAI, VAS) 
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Innovation (INNOV) 

 

This refers to technological innovation (Schwab, 2010). 

 

Efficiency (EFFICI) 

 

This refers to healthy market competition and efficient labour markets (Schwab, 2010). 

 

The ICT Development Index (IDI) 

 

The ICT Development Index (IDI) is used to measure the Information Society. The IDI 

captures the level of advancement of ICTs in 159 countries worldwide and compares progress 

made between 2002 and 2008. It also measures the global digital divide and examines how it 

has developed in recent years. The IDI is a composite index made up of 11 indicators 

covering ICT access, use and skills. It has been constructed to measure the level and 

evolution of ICT developments over time taking into consideration the situations of both 

developed and developing countries (ITU, 2009b). 

The 11 indicators considered are: 

 Fixed telephone lines per 100 inhabitants; 

 Mobile cellular telephone subscriptions per 100 inhabitants; 

 International Internet bandwidth (bit/s) per Internet user; 

 Proportion of households with a computer; 

 Proportion of households with Internet access at home; 

 Internet users per 100 inhabitants; 

 Fixed broadband Internet subscribers per 100 inhabitants; 
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 Mobile broadband subscribers per 100 inhabitants; 

 Adult literacy rate; 

 Secondary gross enrolment ratio; and 

 Tertiary gross enrolment ratio. 

These indicators are as defined in the sources mentioned in Section 4.3. 

A number of challenges were also encountered during the data collection and analysis phase. 

 

4.5 Data collection challenges and remedial measures 
 

Many countries in the developing world have missing data in many indicators and their data 

collection techniques could be improved by adopting strategies that are used in the developed 

world. Where the data are available, it is of a limited nature and of poor quality. This makes it 

difficult for comparison and benchmarking purposes and this tends to affect the quality of the 

modelling process.  

Some indicators are not clearly defined in the sources available and it is felt that there is a 

need to clearly redefine these terms. In some cases, the information is not consistent and not 

comparable and efforts were made to harmonise the data. In certain cases, for example, there 

is a different value for the same indicator, for instance, for the total number of telephone 

subscribers in the World Bank and ITU reports. Many regulatory authorities and government 

agencies responsible for data collection do not supply sufficient information online for 

research use. The available information should be standardised for easier access by 

researchers. For example, much time was spent attempting to collect data on spectrum 

allocated to wireless mobile telephony. 

 

The ITU, which is one of our main sources itself, also lists the following data collection 

challenges when gathering data from member countries: 

 

• Not every country returns/answers the questionnaire; 
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• Incomplete data: not all questions are answered; 

• More work is required to aggregate operators‘ data since regulation; 

• Operator data or annual reports are sometimes not available; 

• Newer telecom/ICT data is difficult to obtain from developing countries; 

• Not all national statistical agencies collect ICT statistics. 

 

To address some of the challenges, the following steps were undertaken: 

 

 Applied statistical techniques to estimate missing data (imputation); 

 Collected reliable data and cross validated with other sources; 

 Considered fewer countries with missing data; 

 Standardised the data; and 

 Purchased data from respected international sources such as the UN, ITU, and so 

forth. 

 

4.6 Summary 

 

This chapter described the data used in the empirical analysis. The data sources used and 

some of the data collection challenges that were faced during the course of the research are 

indicated. Data were collected for 160 countries of which 48 were situated in Africa. 

In spite of certain challenges outlined above, a dataset with the required characteristics could 

be reasonably found.
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CHAPTER 5 

RESEARCH ENVIRONMENT, RESEARCH METHODOLOGY 

AND STATISTICAL TECHNIQUES EMPLOYED 
 

5.1 Introduction 
 

This chapter discusses the research environment, especially the research methodology and 

statistical techniques employed in this thesis. It begins with a description of multiple linear 

regression analysis, followed by comments on its shortcomings. This is followed by a 

summary of linear programming. Linear response surface analysis (LRSA) is a technique 

based on multiple regression analyses and Response Surface Methodology or Analysis 

(RSM). RSM followed by LRSA is therefore briefly discussed. Finally, to solve the problem 

of missing data, the researcher describes an imputation algorithm that was used to calculate 

missing values. 

Section 5.2 briefly summarises multiple linear regression analysis using notation similar to 

Padberg and Giloni (2002), and Du Plessis (2007). 

 

5.2  Planning the environment for the empirical analysis 

 

Following the aims of the thesis, it is important to decide what techniques to use for the 

experimentation. 

Generally speaking, the techniques should allow the researcher to investigate factors and 

relationships that have significant effects on the proliferation of telecommunication 

technology. Ideally, the researcher should also be able to obtain a situational audit of a 

specific country (unit) and finally be able to suggest ways of improving that country‘s 

telecommunications environment. 

A very flexible tool used by many researchers is that of multiple regression. As a modelling 

tool this can often be used. However, one of the major shortcomings of traditional regression 

methods is the interpretation of the models. If raw data are to be used (as is mostly the case) it 
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is frequently impossible to interpret the relationships found by studying regression 

coefficients and traditional methods of significance. This is caused by (amongst other things) 

the fact that there are interrelationships in the measurements of the so-called ―independent‖ 

variables. Another shortcoming is that it is not clear how uncontrollable or state variables are 

to be handled. 

A way to remedy some of these shortcomings is to interpret a multiple regression relationship 

by using response surface methodology. In the research group at the North West University 

(Potchefstroom Campus) this approach has been used for a number of decades by researchers 

and students. 

The essence of the method is to define the convex hull of the data points given by the 

observations on the ―independent‖ variables and uncontrollable variables. This convex hull 

contains the information regarding the combinations of variable levels that are present in the 

data. Certain combinations of levels occur and some do not. The behaviour of the response 

function is then studied over this convex hull. Notably, the graphs depicting the maximum of 

the response function and the minimum of the response function, given fixed levels of some 

factor of interest, can be calculated and displayed (this is often called LRSA graphs by the 

users). 

This methodology was selected to be used in conjunction with multiple regression methods in 

this thesis. A more formal discussion of the methods is furnished in Section 5.7. Note that it 

is incidental that the estimated response function obtained from the regression is used. Any 

response function obtained could be investigated in this way. 

 

5.3  Multiple linear regression  

 

Applied regression can be classified as a generic term for all methods attempting to fit a 

model to observed data in order to quantify the relationship between two groups of variables 

or to predict new values. Regression can be performed using a simple linear regression 

analysis and a multiple linear regression analysis. 

 

One often wishes to determine whether or not there are indications of a relationship between 

predictor variables and some response or dependent variable. Furthermore, there is often a 
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need to forecast the value of the response variable based on some assumed relationship. Often 

analysts have no idea (a priori) of suitable functions that can be used in a regression situation. 

Instead, data must be collected from the population of available data of these variables and an 

empirical relationship between the dependent and independent variables in question has to be 

tested on the basis of the data (Du Plessis, 2007). 

The regression analyst has the difficult task to develop useful models starting out with an 

assumed relationship, i.e. some arbitrary mathematical function  (       )    where 

        are independent variables and   is the dependent variable. The function   will be 

assumed to be a linear function. Although more general cases can be considered, they can 

often be dealt with by transforming the variables. In order to test the proposed model the 

analyst must obtain a sample of the data as described. 

Recognising the existence of measurement error, the model has to be modified to include an 

error term resulting in a model    (        )    . In the case of forecasting, the need is 

to invent or discover a relationship which adequately describes the variation in the data. 

However, it is essential that the strength or statistical significance of the created model, as 

well as the forecasts, be described. The description is also useful for the case of testing a 

proposed model to know that the model is useful. 

One must therefore determine some linear function or a hyper plane which is closest to the 

data under some distance criterion or function. There are different distance functions which 

can be used to perform linear regression. In order to solve these problems, a remarkably wide 

range of mathematical techniques are invoked. At times, classical least squares analysis is 

sufficient, while other problems require the use of linear programming and other optimisation 

techniques. 

Regression analysis is explored in more detail in Section 5.3 using notation and terminology 

from Padberg and Giloni (2002), and Du Plessis (2007).  Please note that in this research, L 

and  are used interchangeably for referring to the various norms that underlie the fitting 

process.
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5.4  Traditional linear regression techniques 
 

To formalise the linear regression model, it is assumed that there exists n  measurements or 

observations on the dependent variable y  and a vector of independent variables (or 

regressors) 

       .  Following the notation introduced by Padberg and Giloni (2002), we denote 

1

1

1 1

1 1

1

, ( ,..., ) (5.1)s

s

X X

n n n

n s

X

X

y x x

y X

y x x

   
   

      
     
     

 

 

 where ny R  is a vector of n  observations and X is a n s  matrix frequently referred to as 

the design matrix.  Furthermore 1 ,...., sX X are column vectors with n  components and 

1 ,...., n
X X  are row vectors with s  components corresponding to the columns and rows of X , 

respectively. 

The statistical (or hypothesized) linear regression model is:  

 

where 
1( ,..., )s  T   is the vector of parameters of the linear model and 

1( ,..., )n  T  a 

vector of n  random variables corresponding to the error terms in the asserted relationship. 

An upper index T denotes ―transposition‖ of a vector or matrix throughout this chapter. In the 

statistical model, the dependent variable y , is thus a random variable for which we obtain 

measurements or observations that contain some ―noise‖ or measurement errors that are 

captured in the error terms . On the other hand, for the numerical problem that we are facing, 

we write 

, (5.3)y X r


  

where given some arbitrary fixed parameter vector 


 the components ir  
of the vector 

1( ,..., )nr r rT
 
are the residuals that result, given the observations y , a fixed design matrix 

, (5.2)y X  
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X and a chosen vector  s


R . The residuals r are thus in terms of the statistical model, 

realisations of the random error terms   given the particular observations y and parameter 

settings 


. Given y  and X , the general objective in the linear regression is to find parameter 

settings s


R  such that some appropriate measure of the dispersion of the resulting 

residuals nr R  is as small as possible. 

It is noted that it is entirely possible that e.g. 
1

1jx  for all {1,..., }nj
 
in the design matrix

X  In this case, one refers to 
1
 
as the ―intercept term‖.  

The notion of what is best can be made precise, using different norms in 
n

R , and the most 

commonly used regression techniques are discussed next. 

5.4.1  L2 or least squares regression 

 

Least squares regression is by far the most well known and utilised regression technique. The 

regression estimates for   are found by minimising the sum of squared residuals under the 

Euclidian (or
2
) norm 

2

j
r i.e. we wish to find estimates for the parameters s R  

such that 

( ) 2 ( ) ( ) (5.4)( ) T TS r r y X y X y y X y X X         T T T T T  

is a minimum. Note that the expression is not the value of the Euclidean norm of the 

residuals, but rather the square of the norm. This transformation is monotone, and thus it does 

not affect optimality.  

The function to be minimised is positive semi-definite and thus, the first order conditions do 

the job, that is, to minimise S , its gradient S  with respect to  must be calculated and set to 

zero or 

1
( ) 0 (5.5)

2
S X y X X     T T  
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The equations ( )X X X y T T that must be solved for  , are called the normal equations for

2
-regression 

 

Assuming that the rank of X  is s , i.e., that ( )r X s , it follows that 1( )TX X  exists and the 

optimal LS  is given by  

1( ) , (5.6)LS X X X y  T T  

that is, the 
2
-norm yields a unique optimum.  For the purpose of our analysis, we shall make 

this rank assumption.  

Given certain assumptions, there are a number of hypothesis tests for the goodness of fit of L2 

regression models. These are explained in many standard textbooks that explain classical 

regression theory such as Miller (1990), Burnham and Anderson (2002). They are not 

repeated here.  

5.4. 2 L1 or least sum of absolute deviations regression 

 

The 
1
- regression, proposed apparently, by the Jesuit Bosovich, in the 18

th
 century and  

studied, among many others, by Pierre Simon Laplace (1749-1827), Fourier, Gauss and 

Edgeworth in the 19
th

 century, came to have new life in the 1960s with the observation by 

Fama (1965), Mandelbrot (1967), Blattberg and Sargent (1971), Sharpe (1971) and others, 

that stock-market prices, market-indices and other economic time series cannot be explained 

nor predicted well enough in the traditional least squares setting. In most cases, remarkably 

better explanatory or predictive results were obtained through the use of 
1
- regression where 

the estimates of the parameters s R of the linear regression model are found by 

minimizing the sum of the absolute (rather than squared) residuals, that is. we wish to find 

estimates here for s R  such that 

1

1

|| || | | (5.7)i

i

n

i

y X y x 
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is a minimum and the 
1
-norm 

1

| |
n

i

i

r


  instead of the 
2
-norm is employed in the process of 

minimising the dispersion of the residuals. 

The use of 
1
- regression has also increased during the past couple of decades with renewed 

interest in robust regression.   

Clearly, this objective function in (5.7) is non-differentiable in  . Calculus does not help, and 

a closed form solution —unlike, as in the case of least squares— simply does not exist. Even 

worse is that for a long time it was not clear what solution method to use to find the minimum 

in (5.5) and that even with the assumption of a full rank design matrix, whether an optimal 

solution is unique cannot be guaranteed. With the advent of computers and numerical 

techniques such as linear programming, 
1
 regression has, however become a viable 

alternative to least squares regression. As a result, both empirical and theoretical studies 

addressing the properties of   regression have again been augmented considerably in the past 

30 years or so. 

In the literature, the 
1
 -regression is called by a multitude of names that all mean the same: 

LAD (Least Absolute Deviation), LAE (Least Absolute Error), LAV (Least Absolute Value), 

LAR (Least Absolute Residual), LSAD (Least Sum of Absolute Deviations), MAD 

(Minimum Absolute Deviation), MSAE (Minimum Sum of Absolute Errors), and so forth. 

All but LSAD and MSAE are truly misnomers because they may paraphrase the   norm, 

rather, than as intended, the
1
 norm. 

 

The key to the numerical solution of the
1
 regression problem is the fact that the 

minimisation problem is a linear programming (LP) problem of the form     

min

, (5.8)

, 0, 0.

n ne r e r

subject to X r r y

free r r





 

 

 



  

 

T T

 

The term ―linear programming‖, was not used until the 20
th

 century. Other forms of writing 

the 
1
regression problem as a linear program are possible and can be found in the literature. 

In the formulation (5.8), the residuals r  of the general form (5.3) are simply replaced by a 
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difference r r  of non-negative variables, that is, we require that 0r   and  0r  , 

whereas the parameters s R , are ―free‖ to assume positive, zero, or negative values. 

The objective function of (5.8) ―hides‖ the non-differentiability of the absolute value 

objective function in a clever way, but captures the objective function of 
1 

 
regression 

correctly, since minimising is being performed. Moreover, from the mathematical properties 

of linear programming solution procedures, it follows readily that in any solution inspected 

by, for example, the simplex algorithm, either 0 0i ir or r    but not both, thus giving             

ir i ir r  
  in the optimal solution.  

It is interesting to note that necessary and sufficient conditions can be given for the least 

squares estimators 
LS  to be optimal for the L1 problem. This is generally however not the 

case. 

As in many linear programming applications, alternative optimal solutions are the rule rather 

than the exception. This is a problem that occurs when doing L1 norm regression estimation. 

When doing L1 regression with LP, this problem can be practically dealt with as follows. Let 

1,.., q  be all q>1 alternative optimal solutions to the L1 regression problem. Then L1 

regression estimates 1L s R is chosen as the centre of gravity of the alternative optimal 

solutions, 

1

1

1
(5.9)

q
L L

Lq
 



   

This yields unique L1 regression coefficients for any data. In practice however, the use of one 

optimal solution found in a L1 regression problem will usually suffice, since no better 

solution exists.  

Due to the lack of a mathematically tractable closed form solution for L1 regression 

coefficients, the statistical theory developed for L1 regression is less advanced than for least 

square regression. In least squares regression the determination of the sample distribution 

LS is permitted from the error distribution. This is not the case in L1 regression. The 

dependence of L1 regression coefficients from the errors is more complicated. 
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5.4.3  L∞ or Chebychev regression 

 

According to Harter (1974), the idea of minimising the minimum residual error in ―solving‖ 

inconsistent (linear) systems of equations goes back to Leonhard Euler (1707-1783). Jean-

Victor Poncelet (1788-1867) used this criterion in his work on approximating certain 

nonlinear functions over some finite interval by linear ones. This is what Pafnuty Lvovich 

Chebychev (1821-1894) generalised by considering polynomials in the approximation 

process. The criterion of minimising the maximum residual remains a major criterion today in 

approximation theory, for example, Ostrowski (1973). For the linear regression model (5.2) 

or (5.3), this criterion means that parameters s R are sought such that    

max{ :1 } (5.10)i

iy X y x i n       

is a minimum, that is, the   -norm   max{ : {1,.., }}ir i n on 
n

R  is used instead of the   

1 2or norm in the process of minimising the dispersion of the residuals. As in the case of 

the 
1
norm, this objective function is non-differentiable and – except in very special cases— 

a general closed form solution to the problem is not known to exist. As a result, there is little 

treatment of  regression in the statistical literature, even though the method of 

regression is recommended whenever the sample midrange is a more efficient estimator of 

the location or ―centrality‖ parameter of the error distribution, than either the sample mean or 

the sample median. This is the case for example, if the errors follow a uniform distribution.  

The key to the solution of the  regression problem is the fact that the minimisation 

problem (5.10) is a linear program of the form 

min

, (5.11)

,

, .

n

n

subject to X e y

X e y

free free



 

 

 

 

   
 

Other formulations of the L -regression problem as a linear program are possible and can be 

found in the relevant literature. As in the case of the 
1

L method, the optimal solution to the 

linear program may not be unique. In Padberg and Giloni (2002), necessary and sufficient 

conditions are derived for a unique solution. These conditions are however, tedious to check. 
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In this regression method more than one optimal solution is also generally the case. 

Accordingly, as in the case of 
1

L -regression, we let 1,.., q  denote all q>1 optimal extreme 

point solutions to the linear program (5.11) and the L -regression coefficient is defined as: 

1

1

1
(5.12)

q
L

Lq
 





   

thereby giving unique L –regression coefficients for any data. As in the case of 
1

L -

regression, the regression analyst will often be interested only in finding a single optimal 

extreme point solution to the linear program in (5.11). The distributions of the estimators 

based on the L norm are largely unknown at present. 

  

Summary of different norms for regression 

 

The table below from Du Plessis (2007) gives rough attributes of the different aspects of the 

regression norms discussed in his (and this) research. 

Table 5.1 Aspects of different regression norms 

 L1-Norm L2-Norm L∞ -Norm 

Computational  

Method 

Solve a LP Solve a set of 

Normal equations 

Solve a LP 

Uniqueness of 

Solution 

Solution not unique 

Multiple optimal solutions 

Obtained solution unique Solution not unique 

Multiple optimal solutions 

Estimates obtained 

 

Estimate distribution 

Unbiased for symmetric 

Distribution error with mean zero. 

Asymptotically Normal 

Unbiased 

 

Normal 

Biased 

 

Unknown 

Error distribution 

assumed 

More general distribution 

Assumed than L2 

Normal distribution assumed Unknown 

Robust More robust than L2 Not in all cases 

Sensitive to outliers 

Not robust 
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For a more detailed analysis of this topic, refer to Padberg and Giloni (2002).  

 

 5.5 Selecting model dimensionality and regressors 

 

Many practitioners remove any independent variable from the model when there is 

insufficient reason for rejecting the zero hypothesis         
 
  .  By doing this, the values of 

the regression coefficients associated with the other independent variables may be altered 

when the model is re-fitted to the data, indicating that the remaining variables are now of 

more (or less) importance to the model.  It is evident that two conflicting objectives are 

present:  the model must be prevented from over-fitting, but ―enough‖ variables are needed in 

the model to reveal the real relationship between   and the factors influencing   . 

The goal of variable selection procedures is to find some compromise between the conflicting 

objectives.  In other words, the ―best‖ subset of variables needs to be selected for inclusion in 

the model.   

 

5.5.1  Forward selection 

 

This algorithm starts with the current subset of variables being empty.  The approach is to 

add variables to the subset in order to maximise the multiple correlation between the subset 

of variables and   .  That is, the variable with the highest correlation with   , say     , is 

inserted first.  The next variable to enter the subset, say     , will be the one that has the 

largest correlation with   after adjusting for the effect of the first variable entered (  ) on  .   

This process is represented until a stop criterion is reached. 

 

5.5.2  Backward elimination 

 

The starting point of this approach is one with all the variables included in the subset.  The 

procedure removes variables one by one as long as the discarded variables are judged to be of 
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little signification (significance) in the regression. This is repeated until a stop criterion is 

reached. 

 

5.5.3  Stepwise regression 

 

This algorithm is a combination of the forward and backward selection procedures. The 

algorithm continues to insert and discard variables until a stop criterion terminates the 

process. See Montgomery and Peck (1992) for further details regarding these methods. 

 

5.5.4  All possible subsets 

 

A common shortcoming of the methods of forward selection, backward elimination and 

stepwise regression, is the inability to evaluate all possible subsets of variables. The implicit 

or explicit enumeration of all possible combinations of variables gives the benefit of 

delivering the ―best‖ subset, the second ―best‖ subset, etcetra, of the chosen cardinality 

(Beale et al., 1967).  There are various criteria which can be used in conjunction with this 

approach to identify the best subsets. For instance, measures like multiple correlation 

coefficient (  ) and adjusted    or  ̅  can be calculated and considered in the selection 

process.  Other criteria like Mallows    are covered in detail by Montgomery and Peck, 

(1992), Ryan (1997) and others.  

 

5.6 Robust regression 

 

Robust regression is an important tool for analysing data that are contaminated with outliers. 

It can be used to detect outliers and to provide resistant (stable) results in the presence of 

outliers. 

This section briefly discusses the most commonly used robust regression techniques based on 

the paper by Chen (2002). These include M estimation (Huber, 1973), LTS estimation 

(Rousseeuw, 1984), S estimation (Rousseeuw & Yohai, 1984), and MM estimation (Yohai, 

1987).  
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The main purpose of robust regression is to provide resistant (stable) results in the presence 

of outliers. 

In order to achieve this stability, robust regression limits the influence of outliers. 

Historically, three classes of problems have been addressed with robust regression 

techniques: 

• Problems with outliers in the y-direction (response direction). 

• Problems with multivariate outliers in the covariate space (i.e., outliers in the x-space, 

which are also referred to as leverage points). 

• Problems with outliers in both the y-direction and the x-space. 

Many methods have been developed for these problems. However, in statistical applications 

of outlier detection and robust regression, the methods most commonly used today are Huber 

M estimation, high breakdown value estimation, and combinations of these two methods. 

 These robust regression procedures are discussed next: 

1. M estimation was introduced by Huber (1973) and it is the simplest approach both 

computationally and theoretically. Although it is not robust with respect to leverage 

points, it is still used extensively in analysing data for which it can be assumed that 

the contamination is mainly in the response direction. 

2. Least Trimmed Squares (LTS) estimation is a high breakdown value method 

introduced by Rousseeuw (1984). The breakdown value is a measure of the 

proportion of contamination that a procedure can withstand and still maintain its 

robustness. The performance of this method was improved by the FAST-LTS 

algorithm of Rousseeuw and Van Driessen (1998). 

3. S estimation is a high breakdown value method introduced by Rousseeuw and Yohai 

(1984). With the same breakdown value, it has a higher statistical efficiency than LTS 

estimation. 

4. MM estimation, introduced by Yohai (1987), combines high breakdown value 

estimation and M estimation. It has both the high breakdown property and a higher 

statistical efficiency than S estimation. 
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In the next section, we discuss some of these procedures. 

 

5.6.1  Robust regression 

 

Robust regression attempts to devise estimators that are not strongly affected by outliers. 

When using diagnostic tools, one first tries to delete the outliers and subsequently fit the 

―good‖ data by least squares, whereas in robust analysis one should first fit a regression to the 

majority of the data in order to discover the outliers as those points which possess large 

residuals from that robust solution. 

The following step is to think about the structure that has been uncovered. For instance, one 

may go back to the original data set and use subject-matter knowledge to study the outliers 

and explain their origin. Also, one should investigate whether deviations are not a symptom 

of model failure, which could, for instance, be repaired by adding a nonlinear term of 

performing some transformation. 

 

5.6.2  The breakdown point and robust emulators 

 

Rousseeuw and Leroy (1987) demonstrate that even a single outlier can totally offset the least 

squares estimator. On the other hand, estimators exist that can deal with data containing a 

certain percentage of outliers. To formalise this aspect, the breakdown point is introduced. A 

simple finite-sample version of the breakdown point is given by Donoho and Huber (1983). 

Take any sample of n data points, 

11 1 1 1{( ,.., , ),..., ( ,.., , )}X X X Xs n ns ny yZ 
                             (5.13)

 

and let T be the regression estimator. This means that when applying T to such a sample, Z 

yields a vector of regression coefficients ( )T Z  . Now consider all possible corrupted 

samples Z that are obtained by replacing any m of the original data points by arbitrary values 

(This allows for very bad outliers). This is denoted by     (     ) the maximum bias that 

can be caused by such a contamination: 
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    (     )  sup ( ) ( )
Z

T Z T Z


      (5.14) 

If     (     ) is infinite, this means that m outliers can have an arbitrarily large effect on T, 

which may be expressed by saying that the estimator ―breaks down‖. Therefore, the (finite-

sample) breakdown point of the estimator T at sample Z, is defined as 

 

*( , ) min ; ( ; , )n

m
T Z bias m T Z

n
 

 
                                           (5.15) 

Thus, it is the smallest fraction of contamination that can cause the estimator T to take on 

values arbitrarily far from T(Z). This definition assumes no probability distributions. For least 

squares, as stated previously, one outlier is sufficient to carry T over all bounds. Therefore, 

its breakdown point equals 

*( , ) (5.16)
1

n T Z
n

   

which tends to zero for increasing sample size n, so it can be said that least squares has a 

breakdown point of  0%. This again reflects the extreme sensitivity of least square method to 

outliers. A first step toward a more robust regression estimator came from Edgeworth in 

1887. He argued that outliers have a very large influence on least squares regression because 

the residuals 
ir  are squared. Therefore he proposed the least absolute values regression 

estimator, determined by  

1

min (5.17)
n

i

i

r




   

    

discussed earlier in this chapter. The experience of this criterion in the context of one-

dimensional observations leading to the sample median statistic gave it a breakdown point as 

high as 50%. Unfortunately, this does not transfer to the case of L1 regression which, like L2, 

has a finite sample breakdown point equal to 1/n. At this point, it is important to mention that 
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although a large breakdown point is a desirable property of an estimator, it is not sufficient to 

always supply a ―good‖ or useful model. 

Two other approaches that have been proposed to aid the process of robust linear regression 

against outliers are: least trimmed squares regression (LTS) and least median squares 

regression (LMS), according to Padberg and Giloni (2002). These approaches are discussed 

below. 

 

5.6.3  Least trimmed squares regression 

 

The least trimmed squares regression criterion can be formulated as  

 
2

1 ( )

(5.18)min
h

i i

r


  

where the squared residuals are ordered from smallest to largest 

     
2 2 2

(1) ( ) ( )
..... ..... (5.19)

i n
r r r     

and h is the number of data points which are not trimmed from the model. The LTS 

regression problem thus consists of finding s  such that the sum of the h smallest 

squared residuals is a minimum. In principle one can solve the LTS regression problem by 

solving  ( 
 
) ordinary least squares problems for all subsets of {1, …, n} having h elements 

and selecting the minimum among the candidates. Computationally this can be very difficult. 

In Rousseeuw and Leroy (1987), the properties of this estimator are considered. 

 

5.6.4  Least median squares regression 

 

 The Least median regression problem is formulated as  

 
2

min (5.20)
i

median r  

using the notation from the LTS problem. Generalising from the median to that of any other 

squared residual, the problem can be formulated as 
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2

( )
min (5.21)

h
r  

where in the ranking (1.2) the h
th

 residual is hence minimised. Since for an even number of n 

observations, a median observation does not exist, one generally considers (1.4) for 

1
2

n
h

 
  

 
.More precisely, the LMS regression problem is the problem of finding s 

such that the h
th

 ranked residual is minimum where  
1

2 2

n n
h

   
    

   
.  Rousseeuw and 

Leroy (1987), and Padberg and Giloni (2002) give illustrations of these techniques. 

A detailed analysis of these methods is available from Chen (2002) and other relevant 

literature, but full coverage is beyond the scope of this research. 

5.7 Response surface methodology and LRSA 
 

The linear response surface analysis method (LRSA), one of the tools used in this research is 

a subset of response surface methodology (RSM), a research field dedicated to the 

optimisation and forecasting of linear and non-linear models (Terblanche, 2001; Terblanche 

& Hattingh, 1999). These models are presented in terms of various ―independent‖ variables 

that influence a dependent (or response) variable.  

 

Other sources of information on RSM are Khuri and Cornell (1987) and Myers and 

Montgomery (2002). 

 

5.7.1  Response surface methodology 

 

Response surface methodology (RSM) was initially treated by Box and Wilson (1951). Their 

research objective was to explore relationships between an output variable and a set of input 

variables. The output variable illustrated was, for instance, the yield of a chemical process 

and the input variables were any other variables influencing the yield. 

RSM is widely used throughout research areas such as chemical engineering, mathematical 

modelling, business modelling, air-flow dynamics, product development and improvement, 
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etcetra. Its popularity stems from the ability to explore the behaviour of a function and to 

determine what the levels of input variables should be to obtain good function values. 

From the literature, RSM can be defined as: 

• A collection of mathematical and statistical techniques that are useful for modelling 

and analysis in applications where a response of interest is influenced by several 

variables and the objective is to optimise the response. 

The factors influencing the response variable are often referred to as independent variables or 

input variables. Any activity or process, for which response values can be observed as a result 

of defining input levels influencing it, is called a response system. 

The RSM approach often has three stages (Khuri and Cornell, 1987): 

1. Designing the experiment for data collection. This involves deciding on values to 

substitute for the repressors in the response system.  

2. Estimating a response function from the experimental data. The data consist of 

preselected values for the independent variables in the previous step, together with the 

response values obtained from the response system. Statistical hypothesis testing can 

be applied to determine the significance of the estimated response function. 

3. Determining the levels of the input variables which will produce maximum (or 

minimum) response values in the response system. Various techniques such as search 

methods and gradient seeking methods exist to obtain these maximum (or minimum) 

response values. 

According to Lye (2001) and Myers and Montgomery (2002), the main uses of RSM are: 

• To determine the factor levels that will simultaneously satisfy a set of desired 

specifications (e.g. model calibration). 

• To determine the optimum combination of factors that yields a desired response and 

describes the response near the optimum.  

• To determine how a specific response is affected by changes in the level of the factors 

over the specified levels of interest. 

• To achieve a quantitative understanding of the system behaviour over the region 

tested.  
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• To find conditions for process stability = insensitive spot (robust condition). 

• To replace a more complex model with a much simpler second-order regression 

model for use within a limited range.  

According to the same authors (Lye, 2001; Myers & Montgomery, 2002), the factors to 

consider in RSM are: 

• Critical factors are chosen; 

• Region of interest, where factor levels influencing response are constrained to a 

certain region; and 

• Do factors vary continuously throughout the experimental range being tested? 

• etcetera. 

The following example is given by Lye (2001): 

Suppose that an engineer wishes to find the levels of temperature (x1) and feed concentration 

(x2) that maximize the yield (y) of a process.  The yield is a function of the levels of x1 and 

x2, by an equation:    

Y = f (x1, x2) + e. 

If we denote the expected response by  

E(Y) = f (x1, x2) =, 

then the surface represented by:        

 = f (x1, x2) 

is called a response surface. 

The response surface may be represented graphically using a contour plot and/or a 3-D plot.  

In the contour plot, lines of constant response (y) are drawn in the x1, x2, plane.  

Typical response surface representations are depicted below: 



 

111 
 

 

Figure 5.1 Contour plot (Lye, 2001) 

 

                                        Figure 5.2 Response surface plot (Lye, 2001) 

 

In most RSM problems, the form of the relationship between the response variable and the 

independent variables is unknown. The first step in RSM is therefore to find a suitable 

approximation for the true relationship between the response variable and the independent 

variables. 

A typical representation of contours for the instance introduced in the previous example is 

depicted below. The researcher will typically have to find an iterative process to generate a 

series of points that will lead to more optimal levels. 
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                 Figure 5.3 Feed concentration and temperature effects on yield (Lye, 2001) 

 

In Figure 5.4 below, the general idea is illustrated. A step in the sequential process usually 

consists of an experiment in the region of the present operating conditions that estimates a 

direction in which to move and a decision on the (optimal) step length to take. 

 

     Figure 5.4 The Sequential nature of RSM (Lye, 2001) 

 

The process is repeated until indications are found that a (local) optimum is reached. 

 

The following figures and algorithm illustrate the usual procedures and steps used in RSM 

analysis. 
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Figure 5.5 Flow chart (Lye, 2001) 

According to Lye (2001), the steps in RSM are as follows: 

1. Fit linear model planar models; 

2. From the results, determine the direction to move; 

3. Move along the path until no improvement in that direction is possible; 

4. Repeat steps 1 and 2 until near optimal; 

5. Fit quadratic model near optimal in order to determine curvature and find peak                     

(This phase is often called ―method of local exploration‖); and 

6. Run confirmatory tests. 

 

 Figure 5.6 Search in RSM (Lye, 2001) 



 

114 
 

In the same work, the limits of RSM are: 

• Large variations in the factors can be misleading; 

• Critical factors may not be correctly defined or specified; 

• Range of levels of factors are too narrow or too wide – optimum cannot be defined; 

• Lack of good statistical principles; and 

• Over reliance on computer – make sure results make good sense. 

In summary, it can be said that the main steps to take in RSM are: 

• Identify factors – limit numbers where possible; 

• Define factor levels: 

– If too broad, optimisation can be defined; 

– Levels may be restricted by cost, physical limits or regulations –optimum may 

be outside the levels tested; and 

– Run first test at mid-points to evaluate the levels; 

• Select test samples; 

• Select design method; and 

• Conduct data analysis. 

 

The empirical analysis in this research entails some regression studies and applications of the 

linear response surface analysis technique.  It is consequently important to cover the LRSA 

technique in the next section. 

 

5.7.2  Linear response surface analysis (LRSA) 

 

The LRSA method is a special case of RSM methods. It is applicable to situations where one 

wants to study the behaviour of a linear function over a certain region. The LRSA 
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methodology has been applied to the interpretation of linear regression functions by Bruwer 

and Hattingh (1985), Terblanche (2001) and other researchers. In those applications they 

describe methods to interpret the behaviour of linear regression functions over the ―region of 

experience‖ which they define as the convex hull of the data points corresponding to the 

observations of the regressors. 

 

5.7.2.1  Summary of the LRSA methodology for linear regression interpretation 

  

1. Obtain a linear regression model that is ―satisfactory‖ (Make use of ridge regression 

when high degree of interdependence exists). 

2. Determine the area of experience of the regression model by identifying the convex 

hull of the available points. 

3. Identify the state variable or other variable for which the influence on the dependent 

variable has to be investigated. 

4. Select a specific level for this variable (and specific values for other state variables are 

applicable). 

5. Optimise the regression function over the area within the convex hull where this 

variable is at a specific level. Obtain maximum and minimum values. Select another 

level and repeat the procedure. 

6. Graph the optimum values (maximum and minimum) of the regression function 

against different levels of the chosen variable. 

 

The reader is referred to the quoted literature for a detailed description of the LRSA 

technique. 

The area of experience as represented as a convex hull is explained below. 

The notation and terminology is taken from Terblanche (2001), Terblanche and Hattingh 

(1999) and Bruwer and Hattingh (1985). 
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5.7.2.2  Representing the area of experience as a convex hull 

 

Consider the estimated regression function  

y


 = 
0



 + 
1



1x  +  
2



2x  + . . . +  
k



kx  

Fitted to the m data points 
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where 
yiw  denotes the 

thi  value observed for the response variable y and 
xijw  the 

thi  

observation measured for variable
jx . If

1xw ,
2xw ,…,

xmw  denote the row vectors of 
xw , then 

the convex hull for the observed values is  

C =  : kX X E  and X   
1

m

i xi

i

w


  

with 0i  and 
1

1
m

i

i




 
 

 

Optimisation of the linear model over the convex hull 

 

The estimated regression function is taken as the objective function and the convex hull as 

the constraints for the linear program. 

Max/min   y


 = 
0



 + 
1



1x  +  
2



2x  + . . . +  
k



kx  
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Subj. to            
1x                      - 1

1

m

i xi

i

w


  = 0                                    

   
2x               - 2

1

m

i xi

i

w


   = 0 

              . 

              . 

                                                                                                      . 

      
kx            -

1

m

i xik

i

w


  = 0 

jx p  

                                                                                                
1

1
m

i

i




  

                                           α1,     α2 ,                 …,αm   0          

 

The solution of this linear program gives the optimal solutions for the independent variables

1x , 
2x ,..

kx , within the convex hull of data points. 

Note that 
jx  is chosen as one of the independent variables that the analyst wants to consider, 

(and it is possible to place restrictions on other regressors that cannot be changed easily). 

NB: 
0 is not included in the formulation, but needs to be added to the optimal value of the 

objective function. 

An additional constraint 
jx = 

jlp is added to the constraints above as suggested by Bruwer 

and Hattingh (1985). By iteratively solving the linear program above for a range of values  

1jp , 
2jp ,…, 

jsp  with 

jlp      
1 1

,maxmin xij xij
i m i m

w w
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a range of optimal values 
1jz , 

2jz ,…, 
jsz is generated. Displaying the range of values for 

jlp

against the optimal values jlz  illustrates the behaviour of the linear model within the convex 

hull with respect to
jx . 

 

Generating and interpreting the graphical results 

 

An important property to be noticed from the graphical results generated is that for each 

solution 
iz  found, the optimal *

ix = * * *

1 2, ,..., kx x x    can be obtained from the solution to the 

linear program. 

 

The vertical distances between the maximum and the minimum piecewise linear graphs are 

an indication of the relative importance of other independent variables not fixed in the linear 

program. It is easy to see that if a variable  
jx  is constrained at some level, and there is a 

large difference between the minimum and maximum solution, then the other non-

constrained variables are contributing towards these differences. 

 

The reader is referred to the quoted literature for a detailed description of the LRSA 

technique. An overview of linear programming is covered in the next section. The reader is 

referred to Terblanche (2001), Bazaraa, et al. (1990), Chvatal (1983), and Dantzig (1963), for 

a detailed course in mathematical programming. 

 

5.8  Linear programming (LP) and parametric programming summary 

 

5.8.1  The linear programming problem 
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A linear programming problem is a problem in which one wishes to maximise or minimise a 

linear objective function subject to linear equality or inequality constraints. In general, a 

linear programming problem can be stated as the model 

 

X

X

X z (1)

subject to A b (2)

and 0, (3)

minimize c 




 

Where           (  )     is a   row (or cost) vector, 

         (   )    is an   by   constraint matrix, 

         (  )      is a   column vector, 

         (  )      is a    vector of variables. 

 

Note that if a linear programming problem has inequality constraints,       (        ), 

      they can be converted to the equality constraints            (              ), 

  (     )      where   is an   identity matrix, by adding an   column of slack (or 

subtracting an   column of surplus) variables    . Converting a system of constraints to an 

equation from a nonnegative right-hand side through the use of slack or surplus variables, is 

often referred to as putting the constraints in standard form. 

The linear programming model is composed of the components shown in the figure below. 

 

 

 

Figure 5.7 The linear programming model (Turban & Meredith, 1994) 

 

 

 Objective function 

The decision 

variables 

The constraints 
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a) The decision variables 

The decision variables can be quantities of the resources to be allocated, or the number of 

units to be produced and are usually denoted by x1, x2,...,xn 

 

b) The objective function 

 

A linear programming model attempts to optimise a single goal, written as a linear function. 

That is, it attempts to find either the maximum level of a desirable goal such as total profit, or 

the minimum level of some undesirable outcome such as total cost. 

 

c) The constraints 

 

The decision maker is searching for the values of the decision variables that will maximize 

(or minimize) the value of the objective function and such a process is subject to several  

restrictions, requirements or regulations called constraints, which are expressed as linear 

equations and/or inequalities.  

 

Some of the advantages and limitations of linear programming are: 

 

a) Advantages of linear programming 

 

Linear programming is a tool that can be used to solve allocation-type problems. Further, it 

provides additional information concerning the value of the resources that are allocated. 

According to Turban and Meredith (1994), the advantages are as follows: 

 Finds an optimal solution(s). 
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 Fast determination of the solution, especially if a computer is used. 

 Finds solutions to a wide variety of problems that can be formulated with linear 

programming. 

 Finds solutions to problems with a very large or indefinite number of possible 

solutions. 

 Provides a natural sensitivity analysis. 

 

b) Limitations of linear programming 

The applicability of linear programming is limited by several assumptions such as: 

 Certainty: It is assumed that all data involved are known with certainty. 

 Linear objective function: It is assumed that the objective function is linear. 

 Linear constraints: It is assumed that the constraints are linear. 

 Additivity: It is assumed that the total utilisation of each resource is determined by 

adding together that portion of the resource required for the production of each of the 

various products or activities. 

 Independence: Complete independence of coefficients is assumed, both among 

activities and among resources. 

 Nonnegativity: All decision variables should take nonnegative values. 

 Divisibility: It is assumed that the unknown variables can take any fractional values. 

 Proportionality: The amount of resources used, and the resulting value of the 

objective function, will be proportional to the value of the decision variables. 

 

All solutions to a linear programming problem which satisfy all the constraints, are termed 

feasible. The collection of feasible solutions is called the feasible solution space or area. Any 

solution which violates one or more of the constraints is termed infeasible. 
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5.8.2  Graphical solution and geometric concepts 

 

In this section we demonstrate that linear programs with two or three variables may be solved 

graphically. The procedure yields several intuitive results which, when formalised, suggest an 

algorithm for the linear programming problem. 

Example 5.1 Consider the following problem 

 

1 2

1 2

1 2

1 2

subject to

and 0, 0.

minimize2x 3x z

x x 10

x 2x 12

x x 

 

 

   

Each inequality constraint restricts the feasible solution to a half-space in a two dimensional 

graph. The feasible region is the intersection of the half spaces satisfying the linear 

inequalities and the non-negativity constraints and is the shaded region in Figure 5.8. 

 

 

 

Figure 5.8 A linear programming example 

 

Theorem 5.1 The feasible region of a linear programming problem is a convex set. 

 

To prove the theorem, we take two points    and     which satisfy the constraints of the linear 

programming problem and then show that any point         (      )             , 

also satisfies the constraints.  
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Theorem 5.2 If the feasible region of a linear programming problem is bounded, then at least 

one optional solution occurs at one of its extreme points. 

 

The result is illustrated in Figure 5.8. In that diagram, the broken lines represent lines of 

constant value of the objective function. As this constant value changes, the objective 

function line moves parallel to itself. Therefore, to find the maximum value of the objective 

function geometrically, we move the line of constant objective function value as far as 

possible in the direction in which    increases. That is, a further increase beyond this value 

would produce an objective function line which has no points in common with the feasible 

region.  

In this problem, the line             is the limiting line at the extreme point labeled    .  

Increasing     further moves the line outside the feasible region. Note that this problem has a 

unique optimal solution and it occurs at an extreme point. However, had the objective 

function been:            , then any point on the line segment joining the extreme points 

labelled   and   would be optimal. In this case, we have alternate optimal solutions.  

Finally, as an extreme point is defined by the intersection of constraints, and since there is a 

finite number of such constraints, we have another important result. The proof is available in 

the literature consulted in this research. 

 

Theorem 5.3 The feasible region of a linear programming problem has a finite number of 

extreme points. 

 

To solve a bounded linear programming problem, only the extreme points need to be 

evaluated. For problems with several variables, the graphical method does not work as the 

graph cannot be drawn. To overcome this, we develop an iterative method, called the simplex 

method, which solves any linear program by non-redundantly searching over the extreme 

points for an optimal one. To develop the simplex method, we need to characterise an 

extreme point algebraically, using the constraint equations. We must then indicate, given a 

particular extreme point, whether it is an optional one, and if not, how to find another 

extreme point so that the objective function improves. The method also indicates when the 

linear program is infeasible or has an unbounded solution. 
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The simplex algorithm 

 

The linear programming problem (1)-(3) can be written as  

 

n

j jj 1

n

ij j ij 1

j

subject to

and 0 ) (6)

minimize z c x (4)

a x b (i 1,2,..,m) (5)

x ( j 1,2,..,n









 






 

   

Without loss of generality, we assume that A = (a )ij
is m by n , n > m   and the rank of  

A  is  m . We require the definitions and results listed below. 

 

Definitions 

Feasible Solution:      

A set of values for the vector   which satisfies constraints (5) and (6) is a feasible 

solution.  

A feasible solution which minimises the objective function (4) is an optimal solution. 

 

Extreme Point:  

Let S be a convex set. A point            is said to be an extreme point of S if it cannot 

be expressed as a convex combination of two other distinct points in S. That is, x is an 

extreme point of S if there does not exist an     Є S, and         (      )  such that  

      (   )     for some              

To solve a linear program, one method that can be used is the simplex algorithm that 

evaluates only a subset of extreme points. These extreme points are adjacent to one 

another and the simplex algorithm moves from one extreme point to the other until it 

reaches the optimal extreme point. 
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The Simplex Process: 

The simplex method has six steps as depicted in the diagram below. The steps are: 

Step 1: Standardise the problem into a standard format. 

Step 2: Generate an initial solution. 

Step 3: Test the solution for optimality. If the solution is not optimal, to improve go to 

step 4; otherwise go to step 6. 

The improvement of a non-optimal solution is performed in two steps: 

Step 4: Identify one variable that will leave the solution and one variable that will 

enter the solution. 

Step 5: Generate an improved solution. The improved solution is checked for 

optimality. If it is not optimal then steps 4 and 5 are repeated. If it is optimal, step 6 is 

undertaken. 

Step 6: Find if more than one optimal solution exists. 

 

This process guarantees that an optimal solution, if it exists, will be found in a finite number 

of iterations. 

Sensitivity analysis is concerned with investigating the influence on the optimal solution 

when changes are made to the linear program. These changes may constitute alterations in the 

cost vector     right- hand side of vector     or the constraint matrix A . 

x1≥0, x2≥0 ,. . .       
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Is solution 
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Figure 5.9 Schematic presentation of the simplex method (Turban & Meredith, 1994) 

 

Parametric programming: 

aims at finding the range of values for which the cost vector or the right-hand side can 

change, that will bring about changes in the basis and consequently also changes in 

the optimal solution. This is achieved by applying a perturbation technique to the cost 

vector or right-hand side vector respectively. 

The reader is referred to Terblanche (2001), Bazaraa, et al. (1990), Chvatal (1983), and 

Dantzig (1963), for a detailed course in mathematical programming. 

 

In the dataset compiled by the researchers, there are many missing values. Ironically, the less 

affluent countries are usually the ones with missing data. Since one would like to keep these 

data points in the analysis, it was decided to include them by imputing missing values. 
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The terminology used for the discussion is from SS (2011).                        

 

5.9 Multiple Imputation for Missing Data 

 

Multiple imputations for missing data are an attractive method for handling missing data in 

multivariate analysis. The idea of multiple imputations for missing data was first proposed by 

Rubin (1977). 

 

5.9.1  Procedure for conducting the multiple imputations 

 

The following is the procedure for conducting the multiple imputations for missing data that 

was created by Rubin in 1977: 

The first step of multiple imputations for missing data is to impute the missing values 

by using an appropriate model which incorporates random variation. 

The second step of multiple imputations for missing data is to repeat the first step 3-5 

times. 

The third step of multiple imputations for missing data is to perform the desired 

analysis on each data set by using standard, complete data methods. 

The fourth step of multiple imputation for missing data is to average the values of the 

parameter estimates across the missing value samples in order to obtain a single point 

estimate. 

The fifth step of multiple imputations for missing data is to calculate the standard 

errors by averaging the squared standard errors of the missing value estimates. After 

this, the researcher must calculate the variance of the missing value parameter across 
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the samples. Finally, the researcher must combine the two quantities in multiple 

imputations for missing data to calculate the standard errors. 

 

5.9.2  Features of multiple imputations  

 

Multiple imputations for missing data make it possible for the researcher to obtain 

approximately unbiased estimates of all the parameters from the random error. The researcher 

cannot achieve this result from deterministic imputation, which the multiple imputations for 

missing data can do. 

This multiple imputation for missing data allows the researcher to obtain good estimates of 

the standard errors. The multiple imputations for missing data are unlike single imputation, 

since it doesn‘t allow additional error to be introduced by the researcher. 

The researcher can perform multiple imputations for missing data with any kind of data in 

any kind of analysis, without advanced software. 

There are however, certain conditions that should be satisfied before performing multiple 

imputations for missing data. 

 

5.9.3 Conditions for performing multiple imputations 

 

The first condition for the multiple imputations for missing data is that the data 

should be missing at random. In other words, the first condition states that the 

probability of the missing data on a particular variable can depend on other observed 

variables, but cannot depend on itself. 

The second condition for the multiple imputations for missing data is that the model 

that is used by the researcher to impute the values should be appropriate. 
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The third condition for the multiple imputations for missing data is that the model 

that is used by the researcher should match the other model that is used for the 

multiple imputations for missing data. 

However, this is problematic in that it is simple for the researcher to violate such conditions 

while performing multiple imputations for missing data. There are cases of multiple 

imputations for missing data where the data is not missing at random. 

In order to solve this problem, the researcher estimates the model for the data that is not 

missing at random. Such models are however complex and cannot be tested, and therefore 

require sophisticated software. 

The researcher should also keep in mind that if ‗missing at random‘ is satisfied, then the 

unbiased estimates obtained by multiple imputations for missing data are not always easy to 

interpret. 

A number of multiple imputation algorithms exist. The one employed in this research is 

discussed below. The notation and terminology stems from the IBM SPSS statistical manual 

(IBM, 1989) which was revised in 2011. 

 

5.9.4  Multiple imputation algorithms 

 

Multiple imputation imputes missing values multiple times. This algorithm considers only the 

imputation phase. Univariate methods are used in situations where only the variable to be 

imputed has missing values and all variables used as predictors in the imputation have no 

missing values. Multivariate methods are used in situations where variables are used both as 

dependents and predictors during imputation. In this research, the focus falls on multivariate 

methods. 

Multivariate methods apply to situations in which multiple variables have missing values. 

Patterns of missing values are important here because a fast non-iterative procedure can be 

used for monotone missing patterns. For general missing patterns, the fully conditional 
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specification (FCS) is available. This is an iterative MCMC (Markov Chain Monte Carlo) 

method. The fully conditional specification algorithm is discussed briefly in this research.  

The following notation is used in this section unless otherwise stated: 

 

5.9.4.1  Notation (multiple imputation algorithms) 

 

 : Set of variables that have no missing values. 

   : The data value for case i, variable j. It may be missing. 

 : The total number of cases. Each case may represent more than one observation due 

to frequency (replication) weights. 

  
   : The collection of observed values of variable j. 

  
   : The collection of missing values of variable j 

     = (  
   ,…,  

   ): The collection of all observed data. 

     = (  
   ,…,  

   ): The collection of all missing data. 

 

Fully Conditional Specification (FCS) (multiple imputation algorithms) 

 

In this method, an amputation model for each variable with missing values is specified. As an 

iterative MCMC procedure, for each iteration it sequentially imputes missing values starting 

from the first variable with missing values. 

 

 Set initial values for missing values in all variables Y1
 (0)
, …, YK

(0) 
 (see below ). 

 At iteration t, for j = 1 to K: Given X , Y1
(t)

 , … , Y
(t)

j-1 , Y
(t-1)

j+1 , … ,   Y
(t-1)

K ; that 

is, the most recently imputed values of all other variables, X , Y2
(t-1)

 , … , Y
(t-1)

K  

for j = 1, and 

X, Y1
 (t)
, … , Y

 (t)
 K-1  for j = K, use a univariate method to impute all missing 

values in the jth variable, Yj
 (t)

 . 

 Continue iterations until the maximum number of iteration is reached. 
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For a detailed analysis, the reader is referred to Appendix F and (IBM, 1989). 

 

5.10 Summary 
 

This chapter discusses the research environment, especially the research methodology and 

statistical techniques employed in this thesis. It starts with a detailed description of linear 

regression analysis, followed by a summary of linear programming. LRSA is a technique 

based on multiple regression analysis and RSM and as such, a brief description of these two 

concepts is given followed by an overview of the LRSA method.  

Finally, due to missing data, an imputation algorithm was described that was used to calculate 

missing values. 
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CHAPTER 6 

EXPLORATORY MODELS TESTING THE EFFECTIVENESS 

OF THE SUGGESTED METHODOLOGIES 

 

6.1 Introduction 

 

The chapter begins with an analysis of some of the dimensions/metrics of 

telecommunications proliferation, that is, how it is measured. Subsequently, a holistic view of 

the factors is considered as well as an integrated model based on this holistic view 

recognising the fact that most of the factors are interrelated. Finally, a summary of research 

articles presented in national and international conference proceedings is furnished. 

 

There are various ways in which telecommunications proliferation can be measured; some of 

these possible dependent variables are discussed below. In this work, the main dependent 

variable is total mobile subscribers (MLT). IDI and BSH are considered secondary dependent 

variables. FLT is not used as a dependent variable in this study but rather as an independent 

variable. 

It is necessary to have a single variable that can be used to measure telecommunication 

proliferation, because many different measures of this variable are available in the literature. 

This matter is discussed in the next section.  

 

6.2 Dimensions of telecommunication proliferation 
 

In the literature, many researchers have adopted different measures of telecommunications 

proliferation such as fixed lines per 100 or per 1000 inhabitants. Some have even used the 

total number of fixed lines and others, broadband penetration. (ITU 2010a, b, Schwab 2010). 
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There is also a group of researchers that have used mobile penetration in terms of mobile 

subscribers per 100 or per 1000.In this research, total mobile subscribers (MLT) are adopted 

as the main measure of telecommunications proliferation. Below are some of the indicators 

that can be used to measure telecommunications proliferation. In this research, MLT, BSH 

and IDI are used as measures of telecommunications proliferation with MLT being the main 

factor. 

These definitions are derived verbatim from ITU (2010a, b) and Schwab (2010). 

The variable Total Telephone Subscribers refers to the sum of main telephone lines and 

cellular subscribers. These may be measured in thousands, per 100 or per 1000 inhabitants. 

Mobile and fixed-line subscribers per employee are telephone subscribers (fixed line plus 

mobile) divided by the total number of telecommunications employees. Mobile and fixed- 

line subscribers per employee may be measured in thousands, per 100 or per 1000 

inhabitants. 

This variable, mobile cellular subscriptions, refers to the number of subscriptions for a public 

mobile telephone service using cellular technology, which provides access to the Public 

Switched Telephone Network (PSTN). Post-paid and prepaid subscriptions are included. 

Mobile cellular subscriptions may be measured in thousands, per 100 or per 1000 inhabitants. 

Personal computers are self-contained computers designed to be used by a single individual. 

Personal computers may also be measured in thousands, per 100 or per 1000 inhabitants. 

Telephone lines connect a subscriber‘s terminal equipment to the public switched telephone 

network and which have a port on a telephone exchange. The number of ISDN channels and 

fixed wireless subscribers are included. Telephone lines may be measured in thousands, per 

100 or per 1000 inhabitants. 

Fixed broadband Internet subscribers are the number of broadband Internet subscribers with a 

digital subscriber line, cable modem, or other high-speed technology. Fixed broadband 

Internet subscribers may be measured in thousands, per 100 or per 1000 inhabitants. 

Internet subscribers include people who pay for access to the Internet (dial up, leased line, 

and fixed broadband). The number of subscribers measures all those who pay for Internet use, 

including the so-called ―free Internet‖ used by those who pay via the cost of their telephone 

call, those who pay in advance for a given amount of time (prepaid), and those who pay for a 
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subscription (based on either a flat-rate or volume-per-usage). Internet subscribers may be 

measured in thousands, per 100 or per 1000 inhabitants. 

Internet users include subscribers who pay for Internet access (dial-up, leased line, and fixed 

broadband) and people with access to the worldwide computer network without paying 

directly, either as the member of a household, or from work or school. Therefore, the number 

of Internet users will always be much larger than the number of subscribers, typically by a 

factor of 2–3 in developed countries and more in developing countries. Internet users may 

also be measured in thousands, per 100 or per 1000 inhabitants. 

 

As indicated in the literature, other researchers have also proposed indices based on a 

combination of a number of some of these measures of telecommunications proliferation. 

Some of these indicators which have also been defined in the previous chapters are discussed 

below. These include: 

DAI: Digital access index; 

ICT-OI: ICT opportunity index (DAI plus infostate index); 

DOI: Digital opportunity index; and 

IDI: The ICT development index. 

 

The DAI was used to measure the overall ability of individuals in a country to access and use 

ICTs while the ICT-OI was designed to monitor the global digital divide and to track country 

progress over time and between countries of similar income levels. The DOI was used to 

measure the potential of countries to benefit from access to ICTs and the IDI was developed 

to track progress in the development of ICTs in countries and to monitor the global digital 

divide. 

The ICT Development Index (IDI) is used to measure the Information Society. The IDI 

captures the level of advancement of ICTs in 159 countries worldwide and compares progress 

made between 2002 and 2008. It also measures the global digital divide and examines how it 

has developed in recent years. The IDI is a composite index made up of 11 indicators 

covering ICT access, use and skills. It has been constructed to measure the level and 
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evolution over time of ICT developments taking into consideration the situations of both 

developed and developing countries. The indicators are listed in Chapter 4. 

 

Critical success factors (Enabling technology) 

 

In our case, we are going to define critical success factors. A critical success factor (CSF) is a 

factor that if it is not present you generally do not have success in your objectives but when it 

is present, it does not guarantee success. Other factors become important.  

 

6.3 Holistic view 
 

Many of the factors involved are interrelated. A factor that may be very important as an 

explanatory variable for telecommunications diffusion may in itself depend on other factors 

that concern the efforts that countries make in the areas of infrastructure development, 

deregulation, etcetera. 

A holistic view of these models indicates that there is a complex set of relationships that, for 

example, reveals the rather obvious fact that economic growth does not only depend on 

telecommunications proliferation. 

By integrated model it is meant that one wants to have models that not only relate economic 

growth to telecommunications proliferation but also considers other factors such as economic 

indicators as well as general factors like regulatory policies, freedom from corruption, trade 

freedom, etcetera. 

Another aim of these model building exercises is the investigation of the relative importance 

of these factors in order to more clearly establish what the actual role of telecommunications 

proliferation is relative to these factors. 

One aim to consider with regards to integrated model views is the research reported in 

articles to find relevant important factors and forces that guide telecommunications attributes. 

If only this approach is considered, the problems encountered are that in many of the articles 
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written, different time periods are used, different methodologies are used, different datasets 

are used in terms of sizes and regions, and so forth. These situations make it difficult to find 

integrated modeling views. 

 

Another method is to focus on the database that was considered in this research and the 

correlations in that database. Not all of these signify a causal relationship; however, they do 

indicate some attributes that tend to correlate. Since there is obviously the chicken and egg 

effect, careful interpretation is necessary. 

In the remainder of this chapter, the various ways of considering the views of the integrated 

model are illustrated.  

 

In the next section, the research will be illustrated using examples from the literature. These 

examples are drawn from some of the articles that have been consulted by the researcher in 

order to compile the integrated model based on the first approach. In these articles, it is 

evident that there is more to the relationship between telecommunications and economic 

growth than merely empirically establishing a positive relationship between these two 

variables. These articles were covered in the background and literature overview. 

The literature sources mentioned in this research and elsewhere, indicate that many factors 

should be considered in an empirical analysis of the relationship between telecommunications 

proliferation and economic growth.  Even though telecommunications proliferation affects 

economic growth, telecommunications proliferation itself is determined by many other 

factors that are interrelated. 

A holistic view of these models reveals that there is a complex set of relationships that 

indicate that, for example, economic growth does not only depend on telecommunications 

proliferation, but rather, on other factors as well (and that these factors in themselves are 

functions of other more basic factors or attributes): 

 

Eco Growth = f (Tel Prolif,…,) = f(f1(…),f2(…),). 
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An integrated model derived from the literature sources is illustrated in Figure 6.1. 

The arrows point to some of the relationships considered in the literature, but because of the 

complex nature of these relationships, only a few of the relationships are indicated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.1 Sample integrated model view 

 

 

 

 

Regulatory Policies 

Competitive Environment 

Regulatory Policies 

Competitive Environment 

Regulatory Policies {SPE 

Assignments Like MO} 

Competitive Environment 

Regulatory Policies 

Competitive Environment 

.t.c Telcost 

Market 

Penetration 

TelProlif 

FLT 

MLT 

BB 

Productivity 

Market 

Effeciency 

Small Business 

Development 

FC 

Economic 

Growth 

Social 

Development 

Country welfare 

Factors that directly affect the 

development of TelProlif 

General policy and environments 

affecting Productivity 

Desirable Responses 



 

138 
 

By integrated model it is meant that the model does not only relate telecommunications 

proliferation to economic growth but also includes other factors like economic indicators as 

well as general factors such as regulatory policies, freedom from corruption, trade freedom, 

and so forth. 

As pointed out earlier in this chapter, this approach cannot be solely relied upon to find the 

relevant factors and forces that guide telecommunications attributes in an integrated manner 

since: 

 Different time periods were used; 

 Different datasets were used; 

 Different methodologies were used; 

 Different geographical regions were used; and 

 Different countries in terms of dissimilar incomes were used. 

 

Due to the aforementioned difficulties or shortcomings, it is difficult to consider the 

integrated model views solely from the literature studies. One needs to focus on other 

techniques that guide telecommunications attributes. The techniques considered in the next 

section are based on empirical analyses of a dataset of 160 units considered in this research 

and by using estimates of possible relationships based on the correlation matrix that was 

calculated for all the variables in the dataset. 

Obviously, one has to be alert to situations where two variables are highly correlated since 

they are mostly determined by the same factors. This means that there are often very similar 

response variables,; therefore, these cannot be used as causal relationships. 

 

The correlation matrix for the database considered in this research was calculated and is 

found in the CD rom accompanying this research. A number of relationships drawn from that 

correlation matrix were experimentally tested. Some of these models appear below: 

MLT = f (FLT, MO, ILC, PopT, GDPT) 

 

FLT =f (EFFICI, INNOV, ILC, PopT, GDPT, MLT) 
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MO = f (EFFICI, INNOV, INFRA, SPE, EFI, IF, FC, GDPC, ILC, BUSCOST, BUSDAYS, 

INSTREFS, ALR, GNIC, GDPC, MLT) 

ILC = f (MO, EFFICI, IDI, INNOV, INSTIT, INFRA, VAS, SPE, EFI, BF, TF, IF, FC) 

PopT = f (FLT, GDPT, MLT) 

GDPT = f (MO, EFFICI, INNOV, INFRA, BF,FC, ILC, INSTREFS, ALR, GNIC, FLH, 

BUH, BSH, PopT, FLT, MLT) 

These factors are in turn determined by other factors. The acronyms are defined in Chapter 4. 

 

The rest of the relationships can be accessed on the CD rom accompanying this thesis. The 

following relationships can be deduced from these models (This graph is only for illustrative 

purposes and is only shown for the primary and secondary models). 

MLT PopT

MO

FLT

GDPT

ILC

FC

OTHERS

INSTREFS

OTHERS

GDPT

OTHERS

SPE

OTHERS

MO

OTHERS

 

 

Figure 6.2 Sample integrated model view 
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The researchers also carried out a number of multiple regression analyses using different 

dependent variables. The models obtained are the focus of the next section. 

 

6.4  Exploratory regression analysis based on indications found in the 

correlation matrix 

 

The following models were obtained from the regression analysis: 

 

MLT =f (FLT, MO, TELCOST, TF, ILC) 

FLT =f (MLT, MO, TF) 

MO f (SPE) and SPE = f (FC, GNIC) 

TELCOST = f (INNOV, EFFICI, INFRA, BUSCOST) 

TF = f (EFI) and EFI = f (FDI, TF, FC, INSTREFS, INFRA, ALR) 

ILC = f (EFFICI, INSTREFS, GNIC) 

GNIC = f (FC, INFRA, ALR) 

These factors are in turn determined by other factors. The acronyms are as defined in Chapter 

4 

A diagram similar to the one below can be derived from these and other relationships. 

As illustrated above, the empirical analyses on data in the dataset has created relationships 

that are more or less similar to the ones from the first approach.  
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Figure 6.3 Another sample integrated model view 
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In summary, an integrated model view has been considered where the factors are interrelated 

through literature studies and the correlations in the database. 

 

The next section describes some empirical work presented by this research group to 

audiences at national and international conferences. 

 

6.5  Experimental empirical work 

 

Exploratory research papers have also been presented at a number of national and 

international conferences. Some of these papers have been included in published conference 

proceedings and their availability is indicated as such. Many of the papers illustrate the 

methodology employed in this thesis, that is, Linear Response Surface Analysis (LRSA) 

based on multiple regression analyses. Some conclusions have been drawn from the empirical 

findings. One of the aims in presenting these papers was to gain experience with the 

interpretive techniques and especially LRSA applications. Another aim was to receive 

feedback from telecommunications analysts regarding the ―important factors and forces‖ 

guiding telecommunications. 

The analyses are based on information given in World Bank reports, ITU reports and other 

sources.  

 

Below is a summary of these papers under the following subheadings: 

 Conference 

 Dates 

 Venue 

 Title 

 Authors 

 Aim(s) 

 Description of data and analyses 

 Conclusions 
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2008 

1. Conference 

 

Southern Africa Telecommunication Networks and Applications Conference  

(www.satnac.org.za) 

 

Dates 

7-10 September 2008 

Venue 

Wild Coast Sun, South Africa 

Title 

Investigation of the Factors Affecting Telecommunication Technology Proliferation Using 

International Comparisons and LRSA (Linear Response Surface Analysis) 

Authors 

Z.P.Ncube, Prof J.M.Hattingh and Prof ASJ Helberg 

Aim(s) 

TO empirically investigate the factors affecting telecommunication technology proliferation 

using international comparisons. Some of the relationships investigated were aimed at 

empirically testing the perception that mobile phone technology can help developing 

countries to overcome the lack of  fixed line infrastructure (Substitution effect).A dimension 

that was also explored in this work concerned the overall ability of a country to access and 

use new ICT methodologies. The index that measures this is the digital access index (DAI), 

launched in 2003 by the Market, Economics and Finance Unit of the ITU. It was considered 

as a response variable and factors influencing this DAI in 160 countries were investigated.  
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Description of Data and analyses 

 

The empirical investigation considered here comprised data from 160 countries with an initial 

22 factors per country. This data included cases from African countries (48). MSPT and DAI 

were the two response variables that were considered in this research against factors such as 

freedom from corruption, trade freedom, etcetera. 

A reasonably good fit was obtained (adjusted R-squared of 95.6 %) for the MSPT model and 

93.3% for the DAI model. 

 

Conclusions 

 

No evidence was found to support the substitution effect between fixed line and mobile 

telephone proliferation with the global dataset that was used. The effects, which are reported 

in literature regarding the relationship between DAI and the other factors, are generally 

supported by this empirical study. It appears that there is a multifactor dependence of DAI 

and not only economic welfare of a country. This is observed for the less affluent countries. 

The main factors affecting mobile telecommunications were found to be Popu, GDPT, 

GDPC, TTS, MCC, FC where: 

Popu: Population; 

GDPT: Gross Domestic Product Total; 

GDPC: Gross Domestic Product Per Capita; 

TTS: Total Telephone Subscribers; 

MCC: Mobile Cellular Cost per 3mins in US$; and 

FC: Freedom from Corruption. 
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2. Conference 

IFORS 2008 (International Federation of Operational Research Societies) www.ifors.org 

Dates 

13-18 July 2008 

 

Venue 

Sandton, South Africa  

Title 

Frequency Management as a factor in economic growth and development: An empirical study 

 

Authors 

Z.P.Ncube, Prof J.M.Hattingh and Prof A.S.J. Helberg 

Aim(s) 

To analyse the relationship between telecommunications penetration (TP), radio frequency 

planning and other relevant factors. In the process, the idea was to determine critical success 

factors in order to gain maximum social and economic benefit from these technologies. One 

of the research objectives was to investigate some of the links between transaction costs, 

telecommunications and economic welfare indicators. 

Description of data and analyses 

 The paper explored possible links between frequency management strategies, transaction 

costs and the deployment of telecommunications technology on economics welfare and 

growth. It explored some of the relationships between cellular phone rollout (MSPT) and 

factors like total telephone subscribers (TTS). 

The empirical investigation considered here comprised data from 160 countries with an initial 

22 factors per country. This data included cases from African countries (48). 
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Conclusions 

 

It seems as if the idea of TP having a positive effect on welfare is supported by this data. 

The idea that countries with weak infrastructure in the sense of fixed telephone lines can 

leapfrog by going to mobile technology is definitely not supported by this data. 

The idea that more SPE allocation has a beneficial effect on TP (and thus on welfare) is 

supported by this data.  

 

3. Conference 

Winter Simulation Conference (WSC 2008) (www.wintersim.org) 

Dates 

7-10 December 2008 

 

Venue 

InterContinental Hotel, Miami, Florida, USA 

Title 

Factors and Forces Guiding Telecommunication Development Towards the Accruement of 

Social and Economic Benefits. 

Authors 

Z.P.Ncube, Prof J.M.Hattingh and Prof A.S.J. Helberg 

Aim(s) 

To analyse the relationship between telecommunications penetration (TP), radio frequency 

planning and other relevant factors. In the process, the idea was to determine critical success 

factors in order to gain maximum social and economic benefit from these technologies. One 
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of the research objectives was to investigate some of the links between transaction costs, 

telecommunications and economic welfare indicators. 

 

Description of data and analyses 

 

The paper explored possible links between frequency management strategies, transaction 

costs and the deployment of telecommunications technology on economics welfare and 

growth. It explored some of the relationships between cellular phone rollout (MSPT) and 

factors like total telephone subscribers (TTS). 

The empirical investigation considered here comprised data from 160 countries with an initial 

22 factors per country. This data included cases from African countries (48). 

 

Conclusions 

 

It seems as if the idea of TP having a positive effect on welfare is supported by this data. 

The idea that countries with weak infrastructure in the sense of fixed telephone lines can 

leapfrog by switching to mobile technology is definitely not supported by this data. 

The idea that more SPE allocation has a beneficial effect on TP (and thus on welfare) is 

supported by this data.  

2009 

 

4. Conference 

4
th

 Africa-Asia-Australasia Regional Conference (http://www.itsworld.org/) 

Dates 

16-18 August, 2009 



 

148 
 

Venue 

Curtin University of Technology, Perth, Western Australia  

Title 

Investigating the economic and social impact of mobile telephony and broadband penetration 

using the Linear Response Surface Analysis 

Authors 

Z.P.Ncube, Prof J.M.Hattingh and Prof A.S.J. Helberg 

 

Description of data and analyses 

 

The paper describes some empirical analyses based on information given in World Bank 

reports, ITU reports and others by exploring some of the relationships of cellular phone 

rollout (TML), broadband penetration as response variables, and factors such as total 

telephone subscribers (TTS), FC, GDPC, EF (as defined in Chapter 6) for a sample of 50 

countries.  

 

Aim(s) 

 

This research empirically investigates the economic and social impact of mobile telephony 

and broadband penetration. The empirical analysis entails some regression studies and 

applications of the linear response surface analysis technique (LRSA).  The results are 

presented and discussed in the same paper. 
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Conclusions 

 

It seems as if the idea of mobile telephony and broadband penetration and other factors 

having a positive effect on welfare is supported by this data. Among the factors considered, 

FC seems to be the main factor but for factors such as Broadband adoption and TML, 

although secondary, the effect is smaller. There are indications of a positive relationship. 

The methodology applied (Multiple Regression/LRSA) appears to add value to the analysis 

and shows good results. The methodology is also a useful technique to clarify complex 

relationships. 

5. Conference 

4
th

 Africa-Asia-Australasia Regional Conference (http://www.itsworld.org/) 

Dates 

16-18 August, 2009 

Venue 

Curtin University of Technology, Perth, Western Australia  

Title 

Investigating the Effects of Mobile Telephony and High-Quality Broadband on Economic 

Growth and Social Welfare 

Authors 

Z.P.Ncube, Prof J.M.Hattingh and Prof P.H.P. Potgieter 

Aim(s) 

This paper empirically investigates the effects of mobile telephony and high-quality 

broadband on economic growth and social welfare. 
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Description of data and analyses 

The paper describes some empirical analyses based on information given in World Bank 

reports, ITU reports and others by exploring some of the relationships of cellular phone 

rollout (TML), broadband quality score as response variables and factors like total telephone 

subscribers (TTS), FC, GDPC, EF (as defined in Chapter 6) for a sample of 50 countries.  

 

Conclusions 

 

It appears that the data support the hypotheses that telecommunication mobile telephony and 

high quality broadband, together with other factors, have a positive effect on welfare. FC 

again seems to be a dominant factor. The methodology applied (Multiple Regression/LRSA) 

seems to add value to the analysis and the results were received well by the attendees. The 

methodology is also a useful technique to clarify complex relationships. 

6. Conference 

Southern Africa Telecommunication Networks and Applications Conference  

(www.satnac.org.za) 

Dates 

30 August – 2 September 2009  

Venue 

Royal Swazi Spa, Swaziland 

Title 

Evaluating the effect of Telecommunications Technology and other Factors on Economic 

Growth and Social Development based on International Comparisons. 

Authors 

Z.P.Ncube, Prof J.M.Hattingh and Prof A.S.J. Helberg 
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Aim(s) 

In this paper, we propose integrated models that are more comprehensive in nature and report 

on some relationships discovered. The methodology used mainly consisted of linear 

regression techniques and interpretive techniques like linear response surface analysis 

(LRSA). 

To analyse the relationships between telecommunication technology proliferation and other 

social, economic and telecommunication indicators such as Gross National Income per Capita 

(GNIC), Freedom from Corruption (FC), etcetera. 

 

Description of data and analyses 

 

The work is based on data obtained for a sample of 50 out of 160 countries. The data was 

obtained from reports of the World Bank, ITU, Heritage Foundation, IMF and other sources. 

The idea was to analyse the relationships between telecommunication technology 

proliferation (measured as total telephone subscribers and total mobile subscribers) and other 

social, economic and telecommunication indicators such as Gross National Income per Capita 

(GNIC), Freedom from Corruption (FC), etcetera. 

 

Conclusions 

 

Previously there was only slight evidence to support the substitution effect between fixed line 

and mobile telephone proliferation with the global dataset that was used. The findings in this 

empirical work indicate a strong relationship between fixed line infrastructure and mobile 

line infrastructure. (This agrees with the fact that real wireless technology is only available to 

affluent subscribers). 

Regarding the hypothesis that telephone proliferation has a beneficial effect on affluence, the 

findings here indicate that there is evidence of a moderately weak relationship. Our data also 
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suggests that telephone proliferation above a certain critical level has less of an effect on 

affluent countries than on less affluent countries. 

Freedom from corruption (FC) seems to have a strong positive correlation with affluence, 

suggesting that corruption adds to the woes of less affluent countries.  

7. Conference 

23
rd

 European Conference on Operational Research 

(http://www.euro-2009.de/) 

Dates 

5 – 8 July, 2009 

Venue 

Bonn, Germany  

Title 

Applying LRSA to Investigate the Effects of Telecommunication Proliferation and Other 

Factors on Economic Growth and Social Benefits 

Authors 

Z.P.Ncube, Prof J.M.Hattingh and Prof A.S.J. Helberg 

Description of data and analyses 

Data were collected from 160 countries of which 50 were used for this investigation. Some of 

the relationships between Gross National Income per Capita (GNIC) and factors such as total 

telephone subscribers (TTS), Economic Freedom (EF), were explored, etcetera. 

Aim(s) 

To analyse the relationship between telecommunication penetration (TP), radio frequency 

planning and other relevant factors. In the process, the idea is to determine critical success 

factors to get maximum social and economic benefits from these technologies. In other 

words, the paper explores possible links between frequency management strategies, 
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transaction costs and the deployment of telecommunications technology on economic growth 

and social welfare. 

 

Conclusions 

 

In the sample of 50 countries examined, the findings are: 

SPE, GDPT and EF are important factors correlating well with TTS; 

TTS and FC are important factors that correlate well with GNIC; and 

Thus GNIC is significantly influenced by SPE, GDPT, EF (and FC). 

 

The figure below summarises the main findings of this paper. 

 

 

Figure 6.4 Summary of main findings from EURO 2009 conference on OR 
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8. Conference 

Cors -Informs International (http://meetings2.informs.org/Toronto09/) 

Dates 

14-17 June, 2009 

Venue 

Westin Habour Castle, Toronto, Canada  

Title 

Relationship of Telecommunication Technology Proliferation and Economic Activity: An 

Empirical Study 

 

Authors 

Z.P.Ncube, Prof J.M.Hattingh and Prof A.S.J. Helberg 

 

Aim(s) 

 

To analyse the relationship between telecommunication penetration, radio frequency planning 

and other relevant factors. In the process, the idea is to determine critical success factors in 

order to gain maximum social and economic benefits from these technologies. In other 

words, the paper explores possible links between frequency management strategies, 

transaction costs and the deployment of telecommunications technology on economic growth 

and social welfare. 

Description of data and analyses 

Collected data from 160 countries of which 50 were used for this investigation. Explored 

some of the relationships between Gross National Income per Capita (GNIC) and factors like 

total telephone subscribers (TTS), Economic Freedom (EF), etcetera. 
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Conclusions 

In the sample of 50 countries examined, the findings are: 

SPE, GDPT and EF are important factors correlating well with TTS; 

TTS and FC are important factors that correlate well with GNIC; and 

Thus, GNIC is significantly influenced by SPE, GDPT, EF (and FC). 

 

9. Conference 

38
th

 ORSSA Annual Conference (http://www.orssaconf.co.za/) 

Dates 

20 - 23rd September 2009 

Venue 

Stellenbosch University (South Africa) 

 

Title 

An Empirical Study of Factors that Influence GDP Growth with Special Reference to 

Attributes like Telecommunication Proliferation 

Authors 

Z.P.Ncube, Prof J.M.Hattingh and Prof A.S.J. Helberg 

 

Aim(s) 

 

In this paper the effect of a number of variables on GDP growth are considered due the 

widespread belief that telecommunications proliferation has a positive effect on economic 
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growth in a country. The paper considers some aspects of these relationships based on an 

empirical study of international data. 

 

Description of data and analyses 

 

Data were collected from 160 countries of which 50 were used for this investigation. Some of 

the relationships between Gross Domestic Product Growth (GDPG) and factors like total 

telephone subscribers (TTS) , Total fixed lines, Economic Freedom (EF),Trade Freedom 

etcetera were explored. 

 

Conclusions 

Freedom from corruption was found to be one of the factors that affect GDP growth together 

with other social, economic and telecommunication indicators. 

 

2010 

 

10. Conference 

International Telecommunications Society (ITS) 18th Biennial and Silver Anniversary 

Conference 

Dates 

27-30 June, 2010 

Venue 

Waseda University, Tokyo, Japan  
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Title 

Investigating the Impact of Mobile Termination Rates (MTRs) on Mobile Penetration and 

Economic Growth using a global dataset 

Authors 

Z.P.Ncube, Prof J.M.Hattingh and Prof P.H.P.  Potgieter 

Description of data and analyses 

The paper describes some empirical analyses based on information published in World Bank 

reports, ITU reports and others. Some of the relationships explored are the gross national 

product per capita (GDPC) relative to factors such as total telephone subscribers (TTS), 

Mobile termination rates (MTRs), etcetera, for a sample of 32 European countries.  

 

Aim(s) 

 

To investigate the impact of mobile termination rates (MTRs) on mobile penetration and 

economic growth. 

 

Conclusions 

 

The results obtained indicate that corruption seems to be a serious inhibitor of economic 

growth. It also appears that institutional reforms play an important role, and stimulate 

economic growth. However, there is no evidence that low telecommunication costs correlates 

with high economic growth. New evidence from the data reveals that low cost correlates well 

with affluence. 

Our results also illustrate how important it is for a country to eliminate corruption and 

promote institutional reforms in order to achieve economic prosperity. 
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However, our findings do not suggest a good model for mobile termination rates since MTR 

does not seem to correlate well with the factors considered. It is clear from our analyses that 

we have no evidence of high MTRs exerting a negative influence on mobile penetration and 

the economic growth potential of a country. The effect might be indirect rather than direct. 

We also do not find evidence of the role of MTRs on telecommunication costs. 

11. Conference 

Southern Africa Telecommunication Networks and Applications Conference 

 (www.satnac.org.za) 

Dates 

5-8 September 2010  

Venue 

Spier Estate, South Africa 

Title 

An empirical study of the main determinants of mobile proliferation in developing and 

affluent countries. 

Authors 

Z.P.Ncube, Prof J.M.Hattingh and Prof A.S.J. Helberg 

Aim(s) 

The purpose of this paper is to analyse the factors that contribute to or inhibit mobile growth, 

furthermore to determine whether it is feasible for a developing country in (say) Africa to 

attain these benefits and if so, what the pre-requisites might be. 

A data set containing a spectrum of developed and developing countries is considered and 

relationships are tested empirically. 

It illustrates the use of the results obtained in the SATNAC 2010 analysis to identify 

strategies for countries wanting to compare their position regarding an important response, 
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for example, mobile proliferation. The idea is to also identify reasons why some countries are 

more successful than others. 

 

Description of data and analyses 

The methodology used in the research is an empirical investigation where data were collected 

for 160 countries, of which 48 were from Africa. The paper describes some empirical 

analyses based on information given in World Bank reports, ITU reports and others.  We  

explore some of the relationships of cellular phone rollout, measured in terms of mobile lines 

per hundred (TML100) and factors like total telephone subscribers (TTS) for a sample of 50 

countries. The empirical analysis entails some regression studies and applications of linear 

response surface analysis techniques. 

 

Conclusions 

 

The empirical study carried out in this paper, illustrates that some of the main determinants of 

mobile proliferation are KEI, GDPC, INSTREFS, TFL100,TF and FDI. Countries that better 

manage these factors tend to be more successful than others. The model of high mobile 

proliferation is characterized by high volumes of these factors. It also seems feasible to study 

the expected effect of performance improvement proposals for individual units. 

 

6.6 Summary 

 

The chapter begins with an analysis of some of the dimensions of telecommunications 

proliferation, that is, how it is measured. The chapter then considers a holistic view of the 

factors and describes the integrated model based on this holistic view, recognising the fact 

that most of the factors are interrelated. Finally, a summary of research articles presented in 

national and international conference proceedings is furnished. 
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CHAPTER 7 

EMPIRICAL EVALUATION OF HYPOTHETICAL MODELS 
 

7.1 Introduction 
 

This chapter is an empirical evaluation of hypothetical models. Applying model techniques 

for empirical testing of the relationships considered is the focus of this chapter. The empirical 

analysis entails some regression studies and applications of the linear response surface 

analysis technique (LRSA). The results are interpreted and the hypotheses tested and 

evaluated. 

 

The main aims of this research were to: 

 Establish the factors that positively influence telecom proliferation. 

 Create a conceptual framework for a decision support system(DSS) that will diagnose 

a specific case (country) and generate performance improvement proposals (PIPs) 

taking into account the state variables. 

 

7.2 Main challenge for designing a DSS in this research area 

 

 

Telecommunications proliferation is influenced by a number of factors. These factors can be 

roughly classified as either factors not within the decision-maker‘s control (some researchers 

call these parameters or state variables) or certain factors often called decision variables or 

controllable factors. These are variables over which the decision-maker has control. The 

challenge is thus to suggest levels of the levels of the controllable factors that will improve 

proliferation whilst noting the levels of the state variables for that instance. 
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7.3 LRSA overview 

 

The methodology used in this research was an empirical investigation where data were 

collected for 160 countries, of which 48 are situated in Africa. The chapter describes some 

empirical analyses based on information published in World Bank reports, ITU reports and 

others.  Some of the relationships explored for this global dataset were the 

telecommunications proliferation relative to factors such as total fixed lines (FLT), freedom 

from corruption (FC), gross national income per capita (GNIC), etcetera. The empirical 

analysis entailed some regression studies and applications of the linear response surface 

analysis technique. These concepts are discussed in Chapter 5; however, in this chapter a 

brief description of the LRSA method is given. The Linear Response Surface Analysis 

(LRSA) described by Bruwer and Hattingh (1985) is briefly explained in the next section. 

 

The LRSA method aims at interpreting regression findings by looking at the space or region 

of experience defined as the convex hull of the data points (taking the independent 

variables).Thereafter the regression function (linear in this case) is evaluated over this convex 

hull by linear programming applications. The objective is to find points in the convex hull 

where the regression function attains a minimum/maximum. These results are then displayed 

graphically. 

 

In simpler terms, LRSA is a technique that explores the behaviour of a linear function over a 

region of experience. The linear function may often be the estimated regression function or 

the model that empirically fits the available observations. The region of experience in this 

research is obtained by investigating the region defined as the convex hull of the data. This 

investigation is carried out by solving a sequence of linear programs. 

 

As highlighted in Chapter 5, the LRSA technique can be summarised as consisting of the 

following six steps: 
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• Obtain a regression model that is ―satisfactory‖. 

• Determine the area of experience of the regression model by identifying the convex 

hull of the available points. 

• Identify the variable (often a state variable) for which the influence on the dependent 

variable have to be investigated. 

• Select a specific level for this variable. 

• Optimise the regression function over the convex hull where this variable is at a 

specific level. Obtain maximum and minimum values. Select another level and repeat 

the procedure. 

• Graph the optimum values (maximum and minimum) of the regression function 

against different levels of the chosen variable. 

The vertical distances between the maximum and the minimum piecewise linear graphs are 

an indication of the relative importance of other independent variables not fixed in the linear 

program. The reader is referred to Bruwer and Hattingh (1985), Terblanche (2001), and 

Terblanche and Hattingh (1999) for a detailed analysis, including the mathematical 

formulation of the LRSA method. 

Results of the empirical analysis as well as illustrative examples and the interpretation of 

some of our findings is the focus of the next section. A few selected countries and their 

relative positions are indicated on the graphs (Refer to Chapter 8). 

 

7.4 Empirical experiments 

 

As pointed out in Chapter 4, indicators were identified for possible use as explanatory 

variables including some that were combined to form a common index. The factors were 

identified from the literature and from experimental models. 
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7.4.1  Initial empirical analysis 

 

Exploratory models that relate MLT (telecommunications proliferation) as a response 

variable to factors like trade freedom, institutional reforms, gross national income per capita, 

and others, were investigated.  

A hypothetical linear function of the form: 

MLT = f (FLT, TELCOST, MO, TF, ILC) was fitted to the data where the acronyms have the 

following meanings: 

 

MLT: Mobile subscribers (Total); 

FLT: Fixed telephone lines (Total); 

TELCOST: Telecommunications Cost;  

MO: number of mobile operators (MO is used as a measure of telecommunications 

deregulation/liberalisation). 

TF: Trade Freedom; 

ILC: Intensity of Local Competition; 

A good fit characterised by an R-squared of 82.34% and an adjusted R-squared of 80.77% 

was obtained. The detailed regression results (preliminary) appear in Appendix A. 

Applying the LRSA technique, illustrative graphs were obtained with both maximum and 

minimum values given in the tables. (These graphs are later depicted as Figures 7.1 to 7.5) 

First an illustration is given of the typical LP model that is considered. The example has MLT 

as the dependent variable and illustrates the graph for FLT as a parameter. 

The resultant model is given in Section 7.4.2 below. 
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7.4.2  Model for MLT versus FLT 

 

Minimise/Maximise 

 

MLT = 68078 KCONST +   2.22482 FLT +   1756.34444 MO -362.59244 TELCOST - 

 

628.77422 TF + 5201.61754 ILC                                                                      

 

Subject to 

 

-FLT +363 U1 +  2576.2 U2  +  303.2 U3 + 9764.1 U4 + 630 U5 + 9020 U6 +  3253 U7 + 1397.3 

U8 + 129 U9 + 238.4 U10 + 1522.9 U11 +  135.7 U12 + 3969.3 U13 + 4255.2 U14 + 31.2 U15 + 

127.1 U16 + 810.2 U17 + 998.6 U18 + 144.2 U19 + 41497 U20 + 2164.4 U21 + 167 U22 + 812 

U23 + 31.5 U24 + 54.2 U25 + 323.8 U26 + 18251.1 U27 + 72.2 U28 + 12 U29 + 13 U30 + 3575.4 

U31 + 313680 U32 + 7500.4 U33 + 24.3 U34 + 40 U35 + 1492.6 U36 + 1859.2 U37 + 1167.5 U38+ 

414.5 U39 + 2091.9 U40 + 2062 U41 + 16.8 U42 + 965.4 U43 + 2004.2 U44 + 10312.6 U45 +  

1099.1 U46 + 10 U47 + 492.8 U48 + 915.1 U49 + 136.8 U50 + 1430 U51 + 35500 U52 + 26.5 U53 + 

49 U54 + 620 U55 +  48700 U56 + 267.4 U57 + 5930.1 U58 + 1413.2 U59 + 22 U60 + 4.8 U61 + 

130 U62 + 108.3 U63 + 830 U64 + 4188.4 U65 + 3068.7 U66 + 185.2 U67 + 37060 U68 + 33957.9 

U69 + 25804.1 U70 +1108.4 U71 + 2079.5 U72 + 3250 U73 + 21300U74 + 282.1 U75 + 302.3 

U76 + 44364 U77+ 501.2 U78 + 3762.9 U79 + 664.1 U80 + 19289.2 U81 + 553.5 U82+ 498.3 

U83 + 132.2 U84 + 644 U85 + 750 U86+ 40 U87 + 1100.7U88 + 747.4 U89 + 273.6 U90 + 181.2 

U91 + 175 U92 + 4312 U93+  81 U94 + 252.7 U95 + 74.5 U96 + 379.1 U97 + 19424.9 U98 + 1138.7  

U99 + 188.9 U100 + 3516.3 U101 + 82.4 U102 + 142.1 U103 + 820.5 U104 + 7320 U105 + 1870 

U106 + 255 U107 + 65 U108 + 1419 U109 + 1900 U110 + 300.1 U111+ 4058.2 U112 + 537.1 U113  

60 U114 + 387.3 U115 + 2965.3 U116 + 4100 U117+  9556.2 U118 + 4049.4 U119+285.3U120 + 

5313 U121 + 44802.4 U122 + 33.5 U123 + 31.9 U124 + 4171 U125 + 278.8 U 126 + 32.8 U127 + 

1852.4 U128 + 1021.7 U129 +  1034.2 U130 + 4319.8 U131 + 20057.3 U132 + 3436 U133 + 370.4 

U134 + 83.7 U135 + 44 U136 + 5146.1U137 + 4650 U138 + 3871.1 U139 + 14596.4 U140 + 290 

U141 + 172.9 U142 + 7024 U143 + 178.7 U144+  314.8 U145 + 1278.5 U146 + 16534.4 U147 + 478 

U148 + 233.5 U149+  13026.3 U150 + 1561.2 U151 + 33614.5 U152 + 155000 U153 + 953.4 U154 + 

1856.6 U155 + 6866.6 U156 + 30692.8 U157 + 1200.5 U158 + 90.3 U159 + 385.1 U160 =0 
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-TELECOST +  

7.1 U1 + 3.3 U2 + 30.6U3 + 3.7 U4 + 8 U5 + 0.9 U6 + 1.1 U7 + 16 U8 + 9.51 U9 + 0.7 U10 + 35.6 

U11 + 3.9 U12 + 28.85 U13 + 0.9 U14 + 13.2 U15 + 49.5 U16 + 19.7 U17 + 3.6 U18 + 3.8 U19 + 

7.7 U20 + 3.8 U21 + 58.6 U22 + 32.15 U23 + 31.6 U24 + 43 U25 + 45.8 U26 + 0.7 U27 +  11.3 

U28 + 57.7 U29 + 24.48 U30 +   4.5 U31+ 4.4 U32 + 6.6U33 + 19.33 U34 + 61.69 U35 + 1.9 U36+ 

2.1 U37 + 45.6 U38 + 0.7 U39 + 2.2 U40 + 0.5 U41 + 37.99 U42 + 5.8 U43 + 6.5 U44 + 4.1 U45 + 

5.5 U46 + 14.53 U47 + 2 U48 + 41.6 U49 + 5.2 U50 + 0.6 U51 + 1.1 U52 + 47.62 U53 + 45.9 

U54+ 12 U55 + 0.8 U56 + 40.5 U57 + 1 U58 + 7.7 U59 + 40.2 U60 + 8.97 U61 + 18.3 U62 + 20.63 

U63+ 26.79 U64 + 0.5 U65 + 2.5 U66 + 0.7 U67 + 4.7U68 + 7.6 U69 + 5.4 U70 + 9.22 U71 + 0.7 

U72 + 2.89 U73 + 0.8 U74 + 37 U75 + 5.1 U76 + 0.9 U77 + 6.1 U78 + 34.74 U79 + 48 U80 + 0.8 

U81 + 0.7 U82 +23.37 U83 + 38.1 U84 + 1.8 U85 + 3.9 U86 + 29.6 U87 + 1.04U88 + 2U89 + 0.5 

U90+ 71.7 U91 + 57.8 U92 + 1.9 U93+ 49.3 U94 + 1.1 U95 + 40.6 U96 + 4.4 U97 + 3.6 U98 + 11.2 

U99+ 14.95 U100 + 12.4U101 + 68 U102+ 8.6 U103 + 34.3 U104+ 0.7 U105 + 1.2 U106 + 19.9 

U107 + 72.4 U108 + 43 U109 + 0.5 U110 + 2.5 U111 + 11 U112 + 2.1 U113 + 41.2 U114+ 11.5 

U115 + 6.9 U116 + 10.7 U117 + 2.7 U118 + 1.7 U119 + 18.77 U120 +3  U121+ 1.8 U122 + 

55U123 + 31 U124+ 1.5 U125 + 26.7 U126 + 18.46 U127+ 0.4 U128 + 2.4 U129 + 1.2 U130 + 4.2 

U131 + 1.3 U132+ 7.3 U133 + 16U134 + 9 U135 + 36 U136 + 0.5 U137 + 0.6 U138 + 14 U139 + 0.5 

U140 + 8.86 U141 + 55.4 U142+ 3.3 U143  + 67.9 U144 + 1.1 U145 + 2.9 U146 + 12.03 U147 + 

34.58 U148 + 60.4 U149 + 5.2 U150 + 0.5 U151 +0.7 U152 + 0.4 U153 + 3.2 U154 + 17.15 U155 + 

3.4 U156 + 11.9 U157 + 36 U158 + 53.4 U159 + 7.14 U160=0 

 

-MO +  

4 U1 + 3 U2 + 2 U3 + 4 U4 + 3 U5 + 10 U6 + 4 U7+ 6 U8 + 1 U9 + 3 U10 + 6 U11 + 3 U12 + 4 U13 

+ 26 U14 + 2 U15+ 0 U1+ 5 U1 + 3 U1 + 3 U19+ 8 U20+ 10 U21 + 3 U22 + 1 U23 + 6 U24 + 9 U25 

+ 2 U26 + 10 U27 + 2 U28 + 4U29 + 3U30 + 4U31 + 3U32  + 4 U33 + 6 U34 + 4 U35 + 2 U36 + 3 

U37 + 2 U38 + 2 U39 + 4 U40 + 8 U41 + 1 U42 + 4 U43 + 3 U44 + 3 U45 + 5 U46+ 2 U47 + 3 

U48+ 1 U49+ 3 U50+ 4 U51+ 9 U52 + 4 U53+ 4 U54+4U55 + 8 U56 + 5 U57+ 9 U58+ 5 U59+ 5 

U60+ 3 U61+ 3 U62+ 4 U63+ 4 U64+ 5 U65 + 3 U66+ 3 U67+ 15 U68 + 10 U69 + 6 U70 + 5 U71 + 

6 U72 + 4 U73 + 22U74 + 6U75 + 3U76 + 5U77 + 5 U78 + 3 U79 + 4U80 + 3U81 + 4U82 + 

3U83 + 5U84 + 4U85 + 3U86 + 2U87 + 2U88 + 3U89 + 4U90 + 3 U91 + 5U92 + 15 U93 + 2 U94 + 

4 U95 + 3 U96 + 3 U97 + 4 U98 + 5 U99 + 4 U100+ 3 U101 + 2 U102 + 2 U103 + 3 U104 + 25 

U105 + 5 U106 + 2 U107 + 4U108 +8 U109 + 28 U110 + 2 U111 + 11 U112 +4 U113 + 2 U114 + 

4 U115 + 3U 116 + 3 U117 + 8 U118 +3U119 + 2 U120 + 5 U121 + 24 U122 + 3 U123 + 2U124 + 4 

U125 + 3 U126 + 6 U127 + 4 U128 + 6U129 + 7U130 + 4 U131 + 15 U132 + 7 U133 + 4 U134 + 
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3U135 + 1 U136 + 6 U137 +1 4 U138 +2 U139 +10 U140 + 5 U141+ 11 U142 +7 U143 +2 U144 +3 

U145 +3 U146 + 8 U147 + 1 U148 + 6 U149 + 11 U150 + 2 U151 + 41 U152 + 20 U153 + 13U154 + 

4 U155 + 3 U156 + 8 U157 + 4 U158 + 2 U159 + 3 U160 =0 

 

-TF +  

73.2 U1 + 66 U2+ 73 U3 + 61.4 U4 + 85.6 U5 + 83.8 U6 + 86.6 U7 + 77.6 U8 + 38.8 U9 + 79.6 U10 

+ 0 U11 + 57 U12 + 67.2 U13 + 86.6 U14 + 67.2 U15 + 64.6 U16 + 79.2 U17 + 80.2 U18 + 69.6 U19 

+ 69.8 U20 + 70.8 U21 + 67.2 U22 + 71.8 U23 + 60.6 U24 + 52.2 U25 + 60 U26 + 88.2 U27 + 41.2 

U28 + 49.2 U29 + 59.2 U30 + 82.4 U31 + 68 U32 + 71.4U33 + 76.9 U34+ 49.4 U35 + 82.4 U36 + 

87.8 U37 + 60.2 U38 + 81.6 U39 + 86.6 U40 + 86.6 U41 + 36.4 U42 +73.8U43 + 67 U44 + 57.2 U45 

+ 76.6 U46 +57.6 U47 + 86.6 U48 + 63 U49 + 71.8 U50+ 86.6 U51 + 81.6 U52 + 56.4 U53 + 

64.6U54 + 71.8 U55+ 86.6 U56 + 63U57 + 81.6 U58 + 80.2 U59 + 59.6 U60 + 57.8 U61 + 67 U62 + 

79.2 U63 + 79.2 U64 + 95 U65 + 86.6 U66 + 84 U67 + 51.2 U68 + 74 U69 + 55.4 U70 + 56.5 U71 

+ 86.6 U72 + 85.2 U73 + 81.6 U74 + 63.6 U75 + 70.4 U76 + 80.2 U77 + 74.2 U78 + 69.2 U79 + 

75 U80 + 69.2 U81 + 77.2 U82 + 81.4 U83 + 60.8U84 + 86.6 U85 +77.4 U86 + 54.4 U87 + 39.6 U88 

+ 86.6 U89 + 86.6 U90 + 82.8 U91 + 64.6 U92 + 76.8 U93 + 68.6 U94 + 86.6 U95 + 71.4 U96 + 80 

U97 + 77.6 U98 + 79.4 U99 + 80 U100 + 61 U101 + 70.2 U102 + 89 U103 + 61.4 U104 + 86.6 

U105 + 84 U106 + 82.4 U107 + 62.4 U108 + 61.6 U109 + 89.2 U110 + 83.8 U111 + 63.6 U112 + 

76.2 U113 + 65.7 U114 + 77.4 U115 + 72.6 U116 + 79.8 U117 + 86.6 U118 + 86.6 U119 + 76.4 

U120 + 84 U121 + 62.6 U122 + 70.6 U123 + 80.8 U124 + 70.4 U125 + 71.6 U126 + 55.2 U127 + 

90U128 + 86.6 U129 + 86.6 U130 + 73.8 U131 + 86.6 U132 + 71.6 U133+ 0 U134 + 65 U135 + 69 

U136 + 81.4 U137 + 87 U138 +  54 U139 + 81.6 U140 + 71 U141+ 73.6 U142 + 74.2 U143 + 68.4 

U144 + 79 U145+ 71.8 U146 + 81 U147 + 79.2 U148 + 68.8 U149 + 77.2 U150 + 75 U151 + 86.6 

U152 + 86.6 U153 + 81.6U154 + 68.2 U155 + 61.2 U156 + 56 U157 + 66.4 U158 + 70.8 U159 + 

52.6 U160=0 

 

-ILC +  

0.48 U1 + 1.52 U2 + 0 U3 + 1.76U4 + 0.08 U5 + 8.88 U6 + 9.92 U7 + 3.28 U8 + 0 U9 + 6.96 

U10 + 4.64 U11 + 2.72 U12 + 0 U13 + 9.6 U14 + 0 U15 + 4 U16 + 0.88 U17 + 2.72 U18 + 4 U19 + 

6.96 U20 + 4.88 U21 + 2.72 U22 + 0 U23 + 0 U24 + 1.04 U25 + 3.28 U26 + 8.4 U27 + 0 U28 + 

0U29 + 0U30 + 8.88 U31+ 8.4 U32 + 4.64 U33 + 0 U34+ 0 U35 + 6.4 U36 + 4.88 U37 + 0 U38 + 

8.4 U39 + 9.2 U40 + 8.4 U41 + 0 U42 + 3.6 U43 + 0.64 U44 + 3.28 U45 + 0 U46 + 0 U47 + 8.4 U48 

+ 0.64 U49 + 0 U50 + 8.88 U51 + 9.2 U52 + 0 U53 + 0 U54 + 1.52 U55 + 10 U56 + 5.92 U57 + 6.4 



 

167 
 

U58 + 5.92 U59 + 0 U60 + 0 U61 + 3.28 U62 + 0 U63 + 3.28 U64 + 9.6 U65 + 7.52 U66 + 5.92 U67 

+ 9.44 U68 + 6.96 U69  + 0 U70 + 0 U71 + 7.52 U72 + 7.84 U73 + 2.16 U74 + 3.6 U75 + 6.4 U76 + 

9.44 U77 + 8.4 U78 + 2.72 U79 + 4.64 U80 + 6.4U81 + 5.92 U82 + 0.88 U83 + 0U84 + 5.92 U85+ 0 

U86+ 1.04 U87 + 0 U88 +7 .52 U89 + 5.92 U90 + 2.72 U91 + 4 U92 + 7.84 U93 + 4.64 U94 + 

7.84 U95 + 1.2 U96 + 4 U97 + 4 U98 + 5.92 U99 + 3.28 U100 + 3.28 U101 + 0.32U102 +  2.72 U103 

+ 2.16 U104 + 9.84 U105 + 5.92 U106+0.88 U107 + 0U108 + 7.52 U109 + 8.88 U110 + 3.6 U111 + 

1.52 U112 + 4.64 U113 + 0 U114+ 1.2 U115 +6 .4 U116 + 4.64 U117 + 6.96 U118 + 6.96 U119 + 

5.92 U120 + 3.6 U121 + 2.16 U122 + 0 U123 + 0 U124 + 6.4 U125 + 7.52 U126 + 0U127+ 7.84 U128 

+ 8.88 U129 + 5.92 U130 + 5.92 U131 + 9.2 U132 + 7.52 U133 + 0 U134 + 0 U135 + 0 U136 + 

9.2 U137 + 8.88 U138 + 5.92 U139 + 9.84 U140 + 1.76 U141 + 1.76 U142 + 6.96 U143 +0 U 144 + 

4.64 U145 + 7.52 U146 + 6.96 U147 + 0 U148 + 4.64 U149+ 2.16 U150 + 8.4 U151 + 9.44 U152 + 

9.84 U153 + 1.52 U154 + 0 U155 + 0.24 U156 + 5.92 U157 + 0 U158 + 2.72 U159 +0.24 U160 =0 

 

1

1
n

i

i

u


     for   1,.....,160i  , 

 

KCONST = 1 

 

Bounds 

 

FLT = k (The values of k are the different FLT values in table 1). 

0,iu    for  1,.....,160i   

 

MO free 

TELCOST free 

TF free 

ILC   free 

General 
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End                                                

 

The solution of this equation resulted in Table 7.1. Other graphs were derived from solving 

identical models, where the only difference was the change of the variable for which the 

influence on the dependent variable is to be investigated, and by repeating the same process. 

The rest of the tables in the chapter are solutions to the maximisation (max table) or 

minimisation (min table) of the linear models being considered. In certain cases in the tables, 

standardised values have also been included (e.g., MLT_S, which is a standardised value for 

MLT. The values are used interchangeably in the empirical analysis, hence their inclusion in 

the tables in this research). A variable in square brackets for example, [FC] in a table is an 

indication of the state variable in a specific case, while the normal brackets, for example, 

(MLT) around a variable denote a dependent variable. 

Results of the empirical analysis as well as illustrative examples and the interpretation of 

some of the findings are the focus of the next section.  

 

Table 7.1 For min graph 

[FLT] MO TELCOST TF ILC (MLT_S) MLT 

4.800 3.000 8.970 57.800 0.000 0.018 13169.610 

44815.540 3.000 7.492 83.116 1.254 0.129 96385.410 

89626.290 3.000 6.977 80.597 2.445 0.275 205704.400 

134437.000 3.000 6.461 78.077 3.636 0.422 315024.100 

179247.800 3.000 5.946 75.558 4.827 0.568 424343.100 

224058.500 3.000 5.431 73.039 6.018 0.714 533662.000 

268869.300 3.000 4.915 70.519 7.209 0.861 642981.700 

313680.000 3.000 4.400 68.000 8.400 1.007 752300.700 
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Figure 7.1 MLT versus FLT 

 

Table 7.2 For max graph 

[FLT] MO TELCOST TF ILC (MLT_S) MLT 

4.800 3.000 8.970 57.800 0.000 0.018 13169.610 

44815.540 5.584 31.273 9.431 5.161 0.235 175753.400 

89626.290 5.153 26.794 19.192 5.701 0.364 271844.500 

134437.000 4.723 22.315 28.954 6.241 0.493 367935.600 

179247.800 4.292 17.836 38.715 6.781 0.621 464026.700 

224058.500 3.861 13.358 48.477 7.320 0.750 560118.500 

268869.300 3.431 8.879 58.238 7.860 0.878 656209.600 

313680.000 3.000 4.400 68.000 8.400 1.007 752300.700 

 

FLT is one of the main factors affecting mobile proliferation, as measured by MLT. This can 

be seen from the t-value for FLT in the regression. It is high (20.54). In the graph, the max 

and min graphs are very close to each other. This indicates that other factors have relatively 

weak influence (in comparison with FLT). 

One aspect that is noticeable is that the distance between the min and max graphs is slightly 

greater at low FLT values. This means that other factors could cause (for a given low FLT 
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value) greater than expected MLT values for countries that have better values for MO, TP, 

ILC, etcetera. 

 

These countries have then managed what is often termed a ―substitution effect‖ where mobile 

technology improved the proliferation effect. 

Table 7.3 For min graph 

 

 

Figure 7.2 MLT versus MO 
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MO 

MLT versus MO 

minMLT

maxMLT

FLT [MO] TELCOST TF ILC (MLT_S) MLT 

127.100 0.000 49.500 64.600 4.000 0.010 7528.266 

775.143 5.857 7.143 86.011 1.086 -0.007 -5269.340 

1072.686 11.714 5.386 86.855 3.147 0.010 7316.865 

1370.229 17.571 3.629 87.698 5.209 0.027 19903.070 

1667.771 23.429 1.871 88.542 7.271 0.043 32489.270 

5036.599 29.286 0.520 88.943 8.935 0.069 51740.210 

19325.550 35.143 0.610 87.771 9.188 0.127 94688.970 

33614.500 41.000 0.700 86.600 9.440 0.184 137637.700 
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Table 7.4 For max graph 

 

MO is a factor influencing proliferation of mobile technology as measured by MLT. It has a 

t-value on the regression of 2.89 significant at the 0.0045 probability level. The graphs 

display a relatively large distance between the min and max graphs especially at low MO 

values (like 5 to 10). At high values of MO such as 30+, the graphs are close to each other 

and predict a narrow band of low MLT values. It does not seem desirable to have such high 

values of MO. 

 

Values of MO in the range 5 to 10 do not automatically predict high MLT levels but possess 

the potential for high proliferation. This potential can be realised according (to the model) by 

doing other things right in terms of the other factors involved in the model. This means that 

other factors like FLT, TF, ILC, etcetera have to be at ―good‖ levels to realise the potential. 

Table 7.5 For min graph 

 

 

FLT [MO] TELCOST TF ILC (MLT_S) MLT 

127.100 0.000 49.500 64.600 4.000 0.010 7528.266 

292622.400 5.857 4.122 69.399 8.478 0.945 706085.300 

249454.500 11.714 3.552 72.265 8.638 0.818 611344.100 

206286.500 17.571 2.981 75.132 8.799 0.692 516602.800 

163118.500 23.429 2.411 77.999 8.959 0.565 421861.500 

119950.500 29.286 1.841 80.866 9.119 0.438 327120.300 

76782.490 35.143 1.270 83.733 9.280 0.311 232379.000 

33614.500 41.000 0.700 86.600 9.440 0.184 137637.700 

FLT MO [TELCOST] TF ILC (MLT_S) MLT 

1852.400 4.000 0.400 90.000 7.840 0.008 6239.691 

131.839 2.000 10.686 88.236 2.467 -0.015 -11527.000 

81.237 2.000 20.971 84.471 1.218 -0.016 -11819.000 

32.843 2.006 31.257 80.813 0.017 -0.016 -12093.200 

70.574 2.259 41.543 81.318 0.705 -0.016 -11673.400 

108.306 2.512 51.829 81.824 1.392 -0.015 -11252.800 

146.037 2.764 62.114 82.329 2.079 -0.015 -10833.000 

65.000 4.000 72.400 62.400 0.000 0.005 3992.715 
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Figure 7.3 MLT versus TELCOST 

 

Table 7.6 For max graph 

FLT MO [TELCOST] TF ILC (MLT_S) MLT 

155000.000 20.000 0.400 86.600 9.840 0.525 392231.000 

284690.400 3.092 10.686 67.482 7.624 0.914 683129.300 

237252.800 3.244 20.971 66.635 6.353 0.763 569940.100 

189815.300 3.395 31.257 65.788 5.082 0.611 456750.900 

142377.700 3.546 41.543 64.941 3.812 0.460 343561.000 

94940.130 3.697 51.829 64.094 2.541 0.308 230371.800 

47502.560 3.849 62.114 63.247 1.271 0.157 117182.600 

65.000 4.000 72.400 62.400 0.000 0.005 3992.715 

 
 

      TELCOST is a factor influencing the proliferation of mobile technology as measured by 

MLT. It has a t-value on the regression of -2.10 significant at the 0.0371 probability level. 

The graphs show a relatively large distance between the min and max graphs, especially at 

low TELCOST values (like 10 to 30). At high values of TELCOST such as 60+, the graphs 

are close to each other and predict a narrow band of low MLT values. It does not seem 

desirable to have such high values of TELCOST. 
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Values of TELCOST in the range 10 to 30 do not automatically predict high MLT levels but 

possess the potential for high proliferation. This potential can be realised according to the 

model by doing other things right. This means that other factors like FLT, TF, ILC,MO, 

etcetera, have to be at ―good‖ levels to realise the potential. 

Table 7.7 For min graph 

FLT MO TELCOST [TF] ILC (MLT_S) MLT 

370.400 4.000 16.000 0.000 0.000 0.093 69380.610 

238.563 2.881 24.199 13.571 0.000 0.072 53877.380 

106.727 1.763 32.398 27.143 0.000 0.051 38374.880 

38.628 1.135 42.023 40.714 0.000 0.032 23550.670 

107.291 1.559 54.708 54.286 0.000 0.014 10184.600 

175.954 1.983 67.393 67.857 0.000 -0.004 -3181.470 

40.347 2.000 29.283 81.429 0.209 -0.016 -12055.100 

4188.400 5.000 0.500 95.000 9.600 0.016 12127.550 

 

 

Figure 7.4 MLT versus TF 
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Table 7.8 For max graph 

FLT MO TELCOST [TF] ILC (MLT_S) MLT 

1522.900 6.000 35.600 0.000 4.640 0.111 82917.000 

63823.160 5.401 29.373 13.571 5.390 0.290 216512.700 

126123.400 4.803 23.146 27.143 6.141 0.469 350108.400 

188423.700 4.204 16.919 40.714 6.891 0.648 483703.400 

250723.900 3.605 10.692 54.286 7.642 0.826 617299.100 

313024.200 3.006 4.466 67.857 8.392 1.005 750894.900 

199118.400 15.273 1.512 81.429 9.440 0.659 492342.500 

4188.400 5.000 0.500 95.000 9.600 0.016 12127.550 

 

TF is a factor that influences the levels of MLT at least in the sense that there is some 

correlation. This is evident for the t-value of -2.55. If one looks at the graph of the min and 

max expected values of MLT of different levels of TF it is clear that the distance between the 

graphs is high especially at higher TF values. 

The graphs indicate that low TF values generally correspond to low MLT values. Higher TF 

values (such as 70 to 80) indicate that the expected MLT values will range between zero and 

+600 000.The high values(near 600 000) are for situations where units (countries) have better 

values for other factors like FLT, MO, ILC, etcetera. 

 

Table 7.9 For min graph 

FLT MO TELCOST TF [ILC] (MLT_S) MLT 

31.900 2.000 31.000 80.800 0.000 -0.016 -12103.600 

89.778 2.000 19.235 85.107 1.429 -0.016 -11769.700 

150.568 2.024 8.441 88.942 2.857 -0.015 -11046.600 

238.772 2.276 6.781 88.338 4.286 -0.009 -6659.510 

326.976 2.527 5.121 87.735 5.714 -0.003 -2273.120 

415.180 2.779 3.461 87.131 7.143 0.003 2114.010 

1020.743 3.286 1.786 87.800 8.571 0.009 6852.978 

48700.000 8.000 0.800 86.600 10.000 0.172 128637.100 
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Figure 7.5 MLT versus ILC 

 

Table 7.10 For max graph 

FLT MO TELCOST TF [ILC] (MLT_S) MLT 

25804.100 6.000 5.400 55.400 0.000 0.107 79967.100 

74762.590 5.490 5.230 57.543 1.429 0.260 194309.600 

123721.100 4.980 5.060 59.686 2.857 0.413 308652.200 

172679.600 4.469 4.890 61.829 4.286 0.566 422994.000 

221638.000 3.959 4.720 63.971 5.714 0.719 537336.500 

270596.500 3.449 4.550 66.114 7.143 0.872 651679.100 

294789.500 5.024 3.924 70.214 8.571 0.950 709435.600 

48700.000 8.000 0.800 86.600 10.000 0.172 128637.100 

 

ILC also seems to be a factor influencing MLT values. This can be seen from the t-value in 

the regression (3.73) and graphs depicting the min and max expected values as obtained from 

the LRSA procedure. 

This distance between the graphs is high for larger values of ILC (like 7 or 8). At low values, 

the distances between the min and max graphs are small indicating that low values of ILC 
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generally correlate with low values of MLT. High values of ILC do not guarantee high values 

for MLT. 

 

This indicates, however, that high values of ILC correspond to a wide range of expected 

MLT values. The higher MLT values correspond to situations where the other important 

factors (like FLT, MO, TF, etc.) are at more desirable levels. 

 

The following conclusions can be drawn from these findings: 

 FLT has a positive strong effect. There are some indications of substitution at low 

levels of FLT. 

 The number of mobile operators also affects MLT. Too many mobile operators seem 

to be detrimental for attaining high values of proliferation in the MLT sense. 

However, at average values of MO such as 5 to 15, it seems as if MO is an enabling 

factor making it possible to achieve high values of MLT, especially for countries that 

have high values and good fixed line infrastructure. 

 TELCOST has an influence on MLT and opportunities exist for countries with low 

cost and good fixed line infrastructure. 

 Trade Freedom at higher levels allows higher proliferation of MLT, especially for 

countries with good fixed line infrastructure, and lower TELCOST values. 

 ILC correlates well with MLT and higher values of ILC especially when also 

associated with high values of FLT, and low TELCOST. 

 

Other empirical experiments have been conducted with FLT, MO, TELCOST, TF and ILC as 

response variables, but these are not discussed in this research. 

 

7.4.3  Further empirical analysis 

 

Further empirical analysis resulted in investigating exploratory models that relate BSH 

(another measure of telecommunications proliferation) as a response variable to factors like 
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trade freedom, institutional reforms, gross national income per capita and others as in the 

previous section.  

Similarly, a hypothetical linear function of the form: 

BSH = f (INNOV, INSTIT, SPE, EFI, FC, INSTREFS, GNIC) was fitted to the data where 

the acronyms have the following meanings: 

BSH: Broadband Subscribers per 100 inhabitants; 

INNOV: Innovation; 

INSTIT: Institutions; 

SPE: Bandwidth as defined in Chapter 4; 

GNIC: Gross National Income per Capita; 

EFI: Economic Freedom Index; 

FC: Freedom from Corruption; and 

INSTREFS: Institutional reforms. 

A good fit characterised by an R-squared of 83.78% and an adjusted R-squared of 81.45% 

was obtained. 

 

Applying the LRSA technique, the following illustrative graphs were obtained with both 

maximum and minimum values given in the tables. (These graphs are presented later as 

Figures 7.6 to 7.12) 

 

The next section describes the interpretation of the findings: 

Results of the empirical analysis as well as illustrative examples and the interpretation of 

some of the findings are the focus of the next section.  
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Table 7.11 For min graph 

[INNOV] INSTIT SPE EFI INSTREFS GNIC FC (BSH) 

1.860 2.820 0.100 47.600 2.080 240.000 24.000 -1.894 

2.401 3.468 0.850 44.786 1.325 928.936 21.442 -2.713 

2.943 4.116 1.601 41.973 0.571 1617.872 18.884 -3.531 

3.484 4.455 42.346 45.783 1.337 3285.543 25.086 -0.787 

4.026 4.406 287.760 52.781 3.416 1729.793 34.375 4.362 

4.567 4.590 1227.166 57.802 4.828 9564.814 46.537 10.167 

5.109 4.775 2166.572 62.824 6.241 17399.830 58.700 15.972 

5.650 4.670 3306.440 80.900 8.420 44710.000 76.000 26.208 

 

 

Figure 7.6 BSH versus INNOV 

 

Table 7.12 For max graph 

[INNOV] INSTIT SPE EFI INSTREFS GNIC FC (BSH) 

1.860 2.820 0.100 47.600 2.080 240.000 24.000 -1.894 

2.401 2.484 4324.864 34.589 3.243 10641.110 45.053 8.630 

2.943 3.214 10975.120 43.816 4.650 19663.330 55.920 15.427 

3.484 3.944 17625.370 53.043 6.057 28685.550 66.787 22.223 

4.026 4.674 24275.630 62.271 7.464 37707.770 77.653 29.020 

4.567 5.405 30925.880 71.498 8.871 46729.990 88.520 35.816 

5.109 5.818 27127.390 77.339 9.707 53938.610 93.769 37.223 

5.650 4.670 3306.440 80.900 8.420 44710.000 76.000 26.208 
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The graphs being close to each other means that INNOV is a strong factor and it has a 

positive effect on BSH. Large values of INNOV imply larger values of BSH. 

 

Table 7.13 For min graph 

INNOV [INSTIT] SPE EFI INSTREFS GNIC FC (BSH) 

2.050 2.010 8.340 28.600 2.330 4785.000 38.000 4.219 

2.576 2.599 2.096 32.091 1.069 568.995 11.238 -1.227 

2.255 3.187 13.059 57.729 1.610 680.606 22.334 -2.481 

2.701 3.776 7.342 49.189 0.946 1280.683 20.121 -3.162 

3.128 4.364 1.842 41.301 0.382 1813.606 18.079 -3.810 

3.090 4.953 1.414 48.594 2.135 786.165 19.998 -3.697 

3.707 5.541 1885.406 63.657 4.528 9462.742 44.614 4.316 

5.040 6.130 5826.000 87.200 7.620 28730.000 94.000 20.951 

 

 

Figure 7.7 BSH versus INSTIT 
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Table 7.14 For max graph 

INNOV [INSTIT] SPE EFI INSTREFS GNIC FC (BSH) 

2.050 2.010 8.340 28.600 2.330 4785.000 38.000 4.219 

2.486 2.599 5368.970 36.038 3.464 12057.620 46.759 9.697 

2.923 3.187 10729.600 43.476 4.598 19330.240 55.519 15.176 

3.359 3.776 16090.230 50.913 5.732 26602.870 64.278 20.654 

3.796 4.364 21450.860 58.351 6.866 33875.490 73.038 26.133 

4.232 4.953 26811.490 65.789 8.001 41148.110 81.797 31.611 

4.669 5.541 32172.120 73.227 9.135 48420.730 90.557 37.090 

5.040 6.130 5826.000 87.200 7.620 28730.000 94.000 20.951 

 

INSTIT and BSH do not have a strong relationship due to the large distance between the min 

and max graphs. This indicates that the other factors play a more important role in 

influencing BSH than INSTIT. 

 

Table 7.15 For min graph 

INNOV INSTIT [SPE] EFI 

INSTREF

S GNIC FC (BSH) 

2.290 2.700 0.000 51.400 1.400 430.000 18.000 -1.773 

3.381 4.554 4984.496 46.141 1.652 9032.846 28.996 2.424 

3.633 4.769 9968.991 51.284 2.995 16212.370 39.997 8.665 

3.884 4.983 14953.490 56.427 4.338 23391.900 50.998 14.906 

4.136 5.197 19937.980 61.571 5.681 30571.420 61.998 21.147 

4.387 5.411 24922.480 66.714 7.024 37750.950 72.999 27.387 

4.639 5.626 29906.970 71.857 8.367 44930.470 83.999 33.628 

4.890 5.840 34891.470 77.000 9.710 52110.000 95.000 39.869 
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Figure 7.8 BSH versus SPE 

 

Table 7.16 For max graph 

INNOV INSTIT [SPE] EFI INSTREFS GNIC FC (BSH) 

2.510 3.870 0.000 69.300 4.370 1580.000 23.000 -0.622 

5.637 4.960 4984.496 80.162 8.757 48227.220 79.955 27.544 

5.592 5.771 9968.991 78.087 9.700 57979.800 91.047 31.376 

5.451 5.785 14953.490 77.870 9.702 56805.840 91.838 33.074 

5.311 5.798 19937.980 77.652 9.704 55631.880 92.628 34.773 

5.171 5.812 24922.480 77.435 9.706 54457.920 93.419 36.472 

5.030 5.826 29906.970 77.217 9.708 53283.960 94.209 38.170 

4.890 5.840 34891.470 77.000 9.710 52110.000 95.000 39.869 

 

There is a positive effect of SPE on BSH. High values of SPE imply high values of BSH. 

Lower SPE does not automatically imply low BSH. Other factors play a role since the graph 

is ―fatter‖ at low SPE values. 
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Table 7.17 For min graph 

INNOV INSTIT SPE [EFI] INSTREFS GNIC FC (BSH) 

3.050 2.430 5.580 0.000 0.520 800.000 0.000 -0.319 

3.075 3.033 4.406 12.943 0.454 1133.357 5.682 -1.422 

3.101 3.636 3.231 25.886 0.387 1466.715 11.364 -2.526 

3.126 4.239 2.057 38.829 0.321 1800.072 17.047 -3.629 

3.073 5.209 1.227 51.771 2.899 338.551 20.835 -3.648 

2.311 3.432 7.531 64.714 3.066 1029.714 23.000 -1.465 

3.059 4.600 3708.198 77.657 5.994 12354.040 46.541 7.126 

3.910 5.730 9451.150 90.600 8.510 29040.000 83.000 19.125 

 

 

Figure 7.9 BSH versus EFI 

 

Table 7.18 For max graph 

INNOV INSTIT SPE [EFI] INSTREFS GNIC FC (BSH) 

3.050 2.430 5.580 0.000 0.520 800.000 0.000 -0.319 

3.359 3.003 5869.516 12.943 2.065 9424.649 15.968 6.436 

3.669 3.576 11733.450 25.886 3.609 18049.300 31.937 13.191 

3.978 4.150 17597.390 38.829 5.154 26673.950 47.905 19.947 

4.287 4.723 23461.320 51.771 6.699 35298.600 63.874 26.702 

4.596 5.296 29325.260 64.714 8.244 43923.250 79.842 33.457 

4.843 5.835 33662.210 77.657 9.652 50995.270 94.420 38.867 

3.910 5.730 9451.150 90.600 8.510 29040.000 83.000 19.125 
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There is a strong and positive effect of EFI on BSH. Low values of EFI generally imply low 

BSH values. Large values for EFI do not automatically imply large BSH values. Other factors 

become important since the graph is ―fatter‖ at high values of EFI. 

 

Table 7.19 For min graph 

INNOV INSTIT SPE EFI [INSTREFS] GNIC FC (BSH) 

3.130 4.340 1.860 41.000 0.310 1856.000 18.000 -3.814 

3.101 4.791 1.531 46.593 1.654 1068.072 19.472 -3.728 

3.071 5.243 1.203 52.186 2.999 280.144 20.944 -3.642 

2.926 4.868 7.243 53.934 4.343 863.781 23.938 -1.306 

2.777 4.461 13.537 55.530 5.687 1501.977 26.994 1.119 

2.653 4.096 21.688 57.886 7.031 2344.286 30.779 3.626 

3.454 5.250 545.454 74.632 8.376 15243.970 66.857 11.167 

4.530 5.270 4178.600 76.700 9.720 49960.000 97.000 26.349 

 

 

Figure 7.10 BSH versus INSTREFS 
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Table 7.20 For max graph 

INNOV INSTIT SPE EFI [INSTREFS] GNIC FC (BSH) 

3.130 4.340 1.860 41.000 0.310 1856.000 18.000 -3.814 

3.277 2.851 4311.409 9.504 1.654 7132.992 11.725 4.641 

3.546 3.350 9414.412 20.767 2.999 14638.470 25.622 10.520 

3.815 3.848 14517.420 32.030 4.343 22143.940 39.518 16.398 

4.085 4.347 19620.420 43.294 5.687 29649.410 53.414 22.277 

4.354 4.846 24723.420 54.557 7.031 37154.890 67.311 28.156 

4.623 5.345 29826.430 65.820 8.376 44660.360 81.207 34.034 

4.530 5.270 4178.600 76.700 9.720 49960.000 97.000 26.349 

 

There is a strong and positive effect of INSTREFS on BSH. Low values of INSTREFS 

generally imply low BSH values. Large values for INSTREFS do not automatically imply 

large BSH values. Other factors become important since the graph is ―fatter‖ at high values of 

INSTREFS. 

 

Table 7.21 For min graph 

INNOV INSTIT SPE EFI INSTREFS [GNIC] FC (BSH) 

2.350 2.770 0.590 47.100 4.110 100.000 23.000 1.895 

2.957 4.223 2.483 47.596 1.509 10262.860 19.849 -1.710 

2.749 4.081 3.235 55.570 2.959 20425.710 22.085 0.833 

2.641 4.029 351.342 62.623 4.399 30588.570 26.412 3.955 

3.138 4.510 2772.349 64.174 5.785 40751.430 43.216 10.527 

3.634 4.991 5193.356 65.725 7.170 50914.290 60.021 17.100 

4.130 5.472 7614.362 67.276 8.556 61077.140 76.825 23.672 

4.530 5.730 20691.490 75.300 9.620 71240.000 85.000 33.539 
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Figure 7.11 BSH versus GNIC 

 

Table 7.22 For max graph 

INNOV INSTIT SPE EFI INSTREFS [GNIC] FC (BSH) 

2.350 2.770 0.590 47.100 4.110 100.000 23.000 1.895 

3.738 5.103 4239.253 78.284 8.257 10262.860 75.270 14.475 

4.381 5.375 14397.680 76.176 8.894 20425.710 81.953 23.469 

4.789 5.587 22801.220 75.230 9.348 30588.570 87.413 30.635 

4.837 5.707 28510.480 76.066 9.519 40751.430 90.996 34.996 

4.884 5.826 34219.740 76.902 9.690 50914.290 94.578 39.356 

4.721 5.788 28235.260 76.203 9.668 61077.140 90.313 36.902 

4.530 5.730 20691.490 75.300 9.620 71240.000 85.000 33.539 

 

The graphs being relatively close to each other means that GNIC is a strong factor and it has 

a positive effect on BSH. Large values of GNIC generally imply larger values of BSH. 
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Table 7.23 For min graph 

INNOV INSTIT SPE EFI INSTREFS GNIC [FC] (BSH) 

3.050 2.430 5.580 0.000 0.520 800.000 0.000 -0.319 

3.112 3.900 2.716 31.563 0.358 1612.952 13.857 -3.010 

2.770 4.485 1.045 50.179 2.296 926.593 27.714 -2.357 

2.743 4.180 51.424 52.800 2.668 4055.961 41.571 1.003 

3.207 4.950 143.876 61.400 4.642 8624.039 55.429 4.957 

3.565 5.490 371.927 68.938 6.457 14097.140 69.286 9.187 

3.796 5.755 763.316 75.195 8.082 20660.390 83.143 13.749 

4.530 5.270 4178.600 76.700 9.720 49960.000 97.000 26.349 

 

 

Figure 7.12 BSH versus FC 

 

Table 7.24 For max graph 

INNOV INSTIT SPE EFI INSTREFS GNIC [FC] (BSH) 

3.050 2.430 5.580 0.000 0.520 800.000 0.000 -0.319 

3.318 2.927 5094.199 11.232 1.860 8284.316 13.857 5.543 

3.587 3.425 10182.820 22.463 3.201 15768.630 27.714 11.405 

3.855 3.922 15271.440 33.695 4.541 23252.950 41.571 17.267 

4.124 4.420 20360.050 44.926 5.882 30737.260 55.429 23.129 

4.392 4.917 25448.670 56.158 7.222 38221.580 69.286 28.991 

4.660 5.414 30537.290 67.389 8.563 45705.890 83.143 34.853 

4.530 5.270 4178.600 76.700 9.720 49960.000 97.000 26.349 

B
SH

 

FC 

BSH versus FC 

Min

Max
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The graphs being reasonably close to each other means that FC is a strong factor and it has a 

positive effect on BSH. Large values of FC generally imply larger values of BSH. 

 

The following conclusions can be drawn from the BSH findings: 

 The graphs being close to each other means that INNOV is a strong factor and it has a 

positive effect on BSH. Large values of INNOV imply larger values of BSH. 

 INSTIT and BSH do not have a strong relationship due to the large distance between 

the min and max graphs. This shows that the other factors play a more important role 

in influencing BSH than INSTIT. 

 There is a positive effect of SPE on BSH. High values of SPE imply high values of 

BSH. Lower SPE does not automatically imply low BSH. Other factors play a role 

since the graph is ―fatter‖ at low SPE values. 

 There is a strong and positive effect of INSTREFS on BSH. Low values of 

INSTREFS generally imply low BSH values. Large values for INSTREFS do not 

automatically imply large BSH values. Other factors become important since the 

graph is ―fatter‖ at high values of INSTREFS.  

 There is a strong and positive effect of EFI on BSH. Low values of EFI generally 

imply low BSH values. Large values for EFI do not automatically imply large BSH 

values. Other factors become important since the graph is ―fatter‖ at high values of 

EFI.  

 GNIC is a strong factor and it has a positive effect on BSH. Large values of GNIC 

generally imply larger values of BSH. 

 FC is a strong factor and it has a positive effect on BSH. Large values of FC generally 

imply larger values of BSH. 
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7.4.4  More empirical analysis 

 

Further empirical analysis resulted in investigating exploratory models that relate IDI 

(another measure of telecommunications proliferation) as a response variable to factors such 

as trade freedom, institutional reforms, gross national income per capita and others as in the 

previous section.  

 

Similarly, a hypothetical linear function of the form: 

IDI = f(PS, VA, GDPC, INFRA) was fitted to the data where the acronyms have the 

following meanings: (See also Chapter 4). 

IDI: ICT Development Index; 

PS: Political Stability; 

VA: Voice and Accountability; 

GDPC: Gross Domestic Product per Capita; 

INFRA: Overall Infrastructure Quality. 

 

A fit characterised by an R-squared of 29.04% and an adjusted R-squared of 22.73% was 

obtained. Although these R-squared and adjusted R-squared do not indicate a very good fit, 

the relationships were analysed to obtain indications of importance. 

 

By applying the LRSA technique, the following illustrative graphs were obtained with both 

maximum and minimum values given in the tables. (These graphs are presented later as 

Figures 7.13 to 7.16)  

 

The next section describes the interpretation of the findings: 
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Table 7.25 For min graph 

[INFRA] GDPC VA PS (IDI) 

0.950 920.000 0.480 0.100 -0.655 

1.781 988.379 2.609 0.333 -0.162 

2.613 908.787 4.406 1.005 0.568 

3.444 769.650 6.069 1.853 1.394 

4.276 12040.370 6.738 1.619 3.070 

5.107 18626.740 7.135 2.289 4.796 

5.939 10083.370 6.922 5.695 6.522 

6.770 1540.000 6.710 9.100 8.247 

 

Figure 7.13 IDI versus INFRA 

 

Table 7.26 For max graph 

[INFRA] GDPC VA PS (IDI) 

0.950 920.000 0.480 0.100 -0.655 

1.781 1633.721 0.228 5.051 2.028 

2.613 13278.220 0.785 6.014 4.065 

3.444 25751.120 1.404 6.674 6.054 

4.276 38224.010 2.022 7.334 8.042 

5.107 50696.910 2.641 7.994 10.030 

5.939 64607.640 5.750 8.764 11.085 

6.770 1540.000 6.710 9.100 8.247 
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The min and max graphs are very close to each other meaning that there is a strong and 

positive relationship between INFRA and IDI and that the other factors in the model play a 

less influential role in determining IDI. 

 

Table 7.27 For min graph 

INFRA [GDPC] VA PS (IDI) 

4.040 115.000 2.970 1.000 3.402 

1.648 13668.290 3.211 2.970 0.786 

2.390 27221.570 6.115 6.022 2.318 

3.132 40774.860 9.019 9.073 3.849 

3.757 54328.140 9.593 9.665 5.576 

4.358 67881.430 9.682 9.743 7.343 

4.959 81434.710 9.771 9.822 9.111 

5.560 94988.000 9.860 9.900 10.878 

 

 

Figure 7.14 IDI versus GDPC 
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Table 7.28 For max graph 

INFRA [GDPC] VA PS (IDI) 

4.040 115.000 2.970 1.000 3.402 

6.604 13668.290 5.262 8.677 9.228 

6.419 27221.570 3.644 8.204 10.323 

6.236 40774.860 2.525 7.873 11.247 

6.067 54328.140 4.359 8.380 11.155 

5.898 67881.430 6.193 8.887 11.063 

5.729 81434.710 8.026 9.393 10.970 

5.560 94988.000 9.860 9.900 10.878 

 

The ―Fatter‖ graph at low GDPC means that the effect of GDPC is rather minimal at these 

values and the other factors play an important role. High GDPC generally imply high IDI but 

low GDPC does not generally imply low IDI. Other factors play a greater role. 

 

Table 7.29 For min graph 

INFRA GDPC [VA] PS (IDI) 

2.860 274.000 0.070 1.300 2.821 

1.178 772.947 1.489 1.204 -0.455 

1.499 566.116 2.907 2.757 -0.174 

1.820 359.284 4.326 4.311 0.107 

2.141 152.452 5.744 5.864 0.389 

2.665 1927.584 7.163 8.245 1.316 

3.048 23949.280 8.581 9.270 2.922 

5.690 50842.000 10.000 8.600 8.020 
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Figure 7.15 IDI versus VA 

 

Table 7.30 For max graph 

INFRA GDPC [VA] PS (IDI) 

2.860 274.000 0.070 1.300 2.821 

5.652 26431.830 1.489 5.246 9.238 

6.200 43596.320 2.907 7.979 11.228 

6.070 54081.620 4.326 8.371 11.157 

5.939 64566.910 5.744 8.763 11.085 

5.808 75052.210 7.163 9.155 11.014 

5.678 85537.510 8.581 9.547 10.942 

5.690 50842.000 10.000 8.600 8.020 

 

The large distance between the graphs means that the other factors play a greater role. The 

effect of VA on IDI is minimal. 

Table 7.31 For min graph 

INFRA GDPC VA [PS] (IDI) 

0.950 920.000 0.480 0.100 -0.655 

1.242 731.664 1.772 1.514 -0.399 

1.535 543.329 3.063 2.929 -0.143 

1.827 354.993 4.355 4.343 0.113 

2.119 166.657 5.647 5.757 0.369 

2.427 1023.296 6.561 7.171 0.873 

2.740 2214.327 7.354 8.586 1.456 

5.690 55193.000 9.380 10.000 8.887 

ID
I 

VA 

IDI versus VA 

(minIDI)

(maxIDI)



 

193 
 

 

 

Figure 7.16 IDI versus PS 

 

Table 7.32 For max graph 

INFRA GDPC VA [PS] (IDI) 

2.750 743.000 1.850 0.100 1.633 

4.259 15645.970 1.018 1.514 5.646 

5.101 15201.190 0.789 2.929 7.403 

5.437 22056.230 1.216 4.343 8.523 

5.774 28911.270 1.643 5.757 9.643 

6.110 35766.310 2.070 7.171 10.763 

5.998 59830.860 5.104 8.586 11.117 

5.690 55193.000 9.380 10.000 8.887 

 

The large distance between the graphs means that the other factors play a larger role. 

The following conclusions can be drawn from the findings involving IDI: 

 The min and max graphs are very close to each other meaning that there is a strong 

and positive relationship between INFRA and IDI and that the other factors in the 

model play a less influential role in determining IDI. 

 The ―fatter‖ graph at low GDPC means that the effect of GDPC is rather minimal at 

these values and the other factors play an important role. High GDPC generally imply 

high IDI but low GDPC does not generally imply low IDI. Other factors play a greater 

role. 

ID
I 

PS 

IDI versus PS 

(minIDI)

(maxIDI)
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 PS AND VA do not have a strong influence on IDI as evidenced by the large distance 

between their minimum and maximum graphs which means that the other factors play 

a greater role. 

 

The table below gives a summary of the relationship between the three metrics of 

telecommunications proliferation and the factors indicated as described in the chapter. The 

conclusions regarding the three metrics are listed and compared across metrics. 

 

Table 7.33 Summary of metrics 

 Responsible Variable 

Factors MLT BSH IDI 

FLT Very strong and positive Not included Not included 

MO Strong and positive at high values of 

MO otherwise weak and positive 

Not included Not included 

TELCOST Strong and positive at high values of 

TELCOST otherwise weak and positive 

Not included Not included 

TF Strong and positive at low values of TF 

otherwise weak and positive at higher 

values of TF 

Not included Not included 

ILC Strong and positive at low values of ILC 

otherwise weak and positive generally. 

Not included Not included 

INNOV Not included Strong and positive Not included 

INSTIT Not included  Do not have a strong 

relationship 

Not included 

SPE Not included Strong positive 

especially at high values 

of SPE. Otherwise weak 

but positive. 

Not included 

EFI Not included Strong positive at 

especially at low values 

of EFI. Not so strong as 

values of EFI increase. 

Not included 

FC Not included Strong and positive 

effect  

Not included 

INSTREFS Not included Strong and positive 

effect especially at low 

Not included 
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values of INSTREFS. 

GNIC Not included Not very strong but 

positive effect 

Not included 

PS Not included Not included The relationship is very 

strong and positive at low 

values of PS. Otherwise it 

is weak generally. 

VA Not included Not included The effect of VA on IDI 

is minimal. 

 

GDPC Not included Not included Rather minimal effect at 

low values of GDPC but 

strong and positive at 

high values of GDPC. 

INFRA Not included Not included Strong and positive 

relationship between 

INFRA and IDI. 

 

7.5 Summary 
 

This chapter constituted an empiric evaluation of hypothetical models. Applying modelling 

techniques for empirical testing of the relationships considered was the focus of this chapter. 

The empirical analysis entails some regression studies and applications of the linear response 

surface analysis technique (LRSA).The results were interpreted and the hypotheses tested and 

evaluated. 
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CHAPTER 8 

SYSTEMS THAT GENERATE PERFORMANCE 

IMPROVEMENT — PROPOSALS FOR THE 

UNITS/COUNTRIES 

 

8.1 Introduction 

 

The aim of this chapter is to analyse performance improvement proposals (PIPs) and to 

illustrate these for a sample of certain countries (what they are doing right or wrong and how 

to improve it).The performance of a unit/country will be evaluated and where/when possible, 

PIPs are suggested. These PIPs are recommendations towards the improvement of the 

response variable, by adjusting some of the levels of the decision variables. 

 

8.2 Systems that generate PIPs 

 

An important question that needs to be answered when evaluating and suggesting PIPs is: 

What must a country do regarding the important imperatives such as corruption control, 

spectrum allocation and other factors to improve telecommunications proliferation? These 

actions will in turn benefit competitiveness, free trade, etcetera, and eventually lead to better 

economic growth and social development. 

 

A PIP is a Performance Improvement Proposal and means specific proposals to change the 

levels of the so-called independent variables to levels that are more desirable to give 

improved values of the dependent variable. The max graph of LRSA is used to accomplish 

this. This graph gives estimates of the maximum values that can be achieved for the 

dependent variable at fixed levels of the independent variable (or state variable in many 

cases) for which the graph is plotted. 

The PIP values of the independent variables are calculated by using interpolation on the 

graph when necessary. 
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It should be noted that in the discussion given in this thesis explaining the PIP finding 

procedure, it is argued that the decision variables are under the control of the decision-maker 

and can be changed at will. This is of course a very simplistic view and in each case the 

decision-maker will have to decide which changes can be realistically achieved. 

 

We now attempt to extend the interpretation of the graphs in Chapter 7 by illustrating the 

analysis used to produce PIPs. It must be kept in mind that this presupposes that some 

regressors used in the regression can be classified as decision variables and others as ―state‖ 

variables. Obviously, one cannot propose changes in state variables. Some variables are 

decision variables but are difficult to change in the short term. This has to be handled with 

care. 

 

The procedure is illustrated below. 

Consider a typical graph representation generated by applying LRSA for some dependent 

variable y and some independent variable ix . 

 

Figure 8.1 max/min y


 versus ix
 

 

 

B 
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A ix
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y
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Based on Figure 8.1, the following steps can be followed to do the calculation of PIPs. 

(Examples are given later in the section): 

1) Identify the expected response corresponding to a unit under consideration (B in the 

graph). A is the value of the independent variable corresponding to the variable ix  

2) Compare to max graph (at A) denoted by C: Look at the difference C – B. 

3) Find the values of the response variable at C by interpolation of the graph if 

necessary. 

4) Identify the values of all the other regressors (except ix ) at C by means of 

interpolation if necessary. 

5) Based on the result in (4) above, it is possible to define a PIP for the unit by 

comparing the values of the (optimal) expected response and proposed regressor 

values at C with the expected response variable value at B and the values at the 

observed regressor variables at B. 

 

The results given below are PIPs that were calculated from a sample of countries from the 

dataset consisting of 160 countries. The dimensions of proliferation considered in this 

research as previously mentioned in Chapter 6 are MLT, BSH and IDI. In the examples 

considered in this chapter, examples are given for MLT and BSH for illustrative purposes 

since the same procedure can be applied to the case where IDI is the dependent variable. At 

the end of the day, the procedure involves specifying a dependent variable and it does not 

really matter whether it is MLT, BSH or IDI. The examples are considered for the following 

countries: 

 Botswana 

 Brazil 

 Iraq 

 Mexico 

 Nigeria 

 South Africa 

 Zimbabwe. 
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8.3 PIP calculation for MLT 

 

Further empirical analysis (MLT against FLT, MO, TELCOST, TF and ILC with 

nonsignificant factors eliminated as per LRSA requirements), yielded the results indicated in 

tables 8.1, 8.2, 8.3, 8.5 and 8.6. Table 8.2 displays the observed values of FLT, MO, 

TELCOST, TF and ILC and the expected value of MLT denoted by MLT_E. The PIPs 

obtained for a sample of seven countries are indicated in Table 8.3 for the case where FLT is 

the state variable. MLT_S is the standardised value of MLT which was also considered in our 

empirical analysis (See Chapter 7). 

 

We shall consider two cases for the calculation of PIPs where MLT is the response variable. 

a)FLT is the state variable (See Table 8.3); and  

b) MO is the state variable (See Table 8.6). 

 

Table 8.1 Regression coefficients 

Response Regression Coefficients       

MLT FLT MO TELCOST TF ILC Intercept 2.000 F-value Probability(Pr>F) 

 
 

2.328 1373.268 -99.914 -946.182 2169.327 64624.000 78.440 116.720 0.000 

t-values 21.490 2.330 -0.550 -3.840 1.860 3.620       

 

In the next paragraph, we illustrate the calculation of PIPs presented in Table 8.3 for the same 

sample of countries indicated above. Table 8.2 displays the observed values of FLT, MO, 

TELCOST, TF and ILC. 

 

 

 

 

y
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8.3.1  FLT as the variable used for LRSA 

 

Table 8.2 Observed values 

  Observed Expected 

  FLT MO TELCOST TF ILC (MLT_S) MLT MLT_E 

Botswana 144.200 3.000 3.800 69.600 4.000 0.003 1874.100 11522.830 

Brazil 41497.000 8.000 7.700 69.800 6.960 0.233 173959.400 120483.400 

Iraq 1108.400 5.000 9.220 56.500 0.000 0.026 19722.000 19689.760 

Mexico 19424.900 4.000 3.600 77.600 4.000 0.112 83527.900 50223.990 

Nigeria 1419.000 8.000 43.000 61.600 7.520 0.098 73099.300 32645.240 

South Africa 4319.800 4.000 4.200 73.800 5.920 0.062 46436.000 22766.310 

Zimbabwe 385.100 3.000 7.140 52.600 0.240 0.004 2991.000 19678.250 

 

Table 8.3 Proposed values 

  Observed Proposed 

  [FLT] MO TELCOST TF ILC (MLT_S) MLT 

Botswana 144.200 3.008 9.039 57.650 0.016 0.018 13675.390 

Brazil 41497.000 5.393 29.621 13.013 4.779 0.219 163713.000 

Iraq 1108.400 3.064 9.519 56.609 0.127 0.023 17173.730 

Mexico 19424.900 4.120 18.636 36.838 2.237 0.112 83630.250 

Nigeria 1419.000 3.082 9.674 56.274 0.163 0.024 18300.660 

South 

Africa 4319.800 3.249 11.118 53.142 0.497 0.039 28825.430 

Zimbabwe 385.100 3.022 9.159 57.390 0.044 0.019 14549.430 

 

The same PIPs can be represented on the graph as follows: 
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Figure 8.2 MLT versus FLT observed and proposed values 

 

We consider these results to illustrate, the procedure for calculating PIPs for individual units, 

using a few examples, namely, Figure 8.1 and Table 8.4 given below: 

The next section describes how these PIPs were calculated. 

Recall that to calculate PIPs, use the max graph is used. Extracted from Chapter 7, the max 

graph for MLT versus FLT is given below in Figure 8.3 and the corresponding max table 

(Table 8.4). 

We then illustrate the procedure for calculating the PIPs in Table 8.3 through interpolation 

based on a few selected countries from the same table: 
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Figure 8.3 MLT versus FLT 

 

Table 8.4 For max graph 

[FLT] MO TELCOST TF ILC (MLT_S) MLT 

4.800 3.000 8.970 57.800 0.000 0.018 13169.610 

44815.540 5.584 31.273 9.431 5.161 0.235 175753.400 

89626.290 5.153 26.794 19.192 5.701 0.364 271844.500 

134437.000 4.723 22.315 28.954 6.241 0.493 367935.600 

179247.800 4.292 17.836 38.715 6.781 0.621 464026.700 

224058.500 3.861 13.358 48.477 7.320 0.750 560118.500 

268869.300 3.431 8.879 58.238 7.860 0.878 656209.600 

313680.000 3.000 4.400 68.000 8.400 1.007 752300.700 

 

Calculating PIPs for Botswana  

 

At present Botswana has an FLT of 144.2 According to the LRSA maximum graph, the 

potential for MLT (at a fixed FLT of 144.2), is given by 13675.386 which is obtained by the 

following interpolation: 

M
LT
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minMLT
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 (                 )            

 

The way this expected MLT can be achieved is by adjusting the values for MO, TELCOST, 

TF and ILC to the proposed values. 

They are obtained by calculating (in the same manner as above) the interpolated values 

 

Let β = 
         

           
 

 

MO = 3 +   (5.583934 – 3)  

                   = 3.0080382 

TELCOST = 8.97 + β (31.27292 – 8.97)  

                   = 9.04 

TF              = 57.8 + β (9.430827 – 57.8)  

                  = 57.65 

 ILC          = 0 + β (5.161469 – 0)  

                 = 0.02 

 

Thus the PIP for Botswana consists of a proposed set of values for the variables and the 

resulting expected MLT (maximum) value of 13675.386. 

Calculating PIPs for Brazil 

At present Brazil has an observed FLT of 41497 (See Table 8.3).According to the LRSA max 

graph(See table 8.4), the potential MLT for Brazil at a fixed FLT of 41497 is given by  
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MLT =          + 
         

            
 x (175753.4 – 13169.61) 

         = 163712.9648 

         = 163713 

(See Table 8.4, last column). 

The way this expected MLT can be achieved is by adjusting the values for MO, TELCOST, 

TF and ILC to the proposed values of the decision variables. 

They are obtained by calculating (in the same way as above) the interpolated values 

Let   = 
         

            
 

 

MO =   +    (5.583934 – 3) 

         = 5.392576117 

         = 5.392576 

 

TELCOST =     +  (31.27292 – 8.97) 

         = 29.61902525 

         = 29.62 

 

TF =      +  (9.430827 – 57.8) 

         = 13.01289316 

         = 13.0129 

ILC =   +  (5.161469 –0) 

         = 4.779227124 

         = 4.779227 
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Thus the PIPs for Brazil consists of a proposed set of values for the variables and the 

resulting expected MLT (maximum) value. 

Lastly, we calculate PIPs for Germany which does not appear in the sample considered 

above. 

 

Calculating PIPs for Germany 

 

At present Germany has an observed FLT of 48700. According to the LRSA max graph, the 

potential expected MLT for Germany at a fixed FLT of 48700 is given by  

 

MLT =           + 
              

                 
 x (271844.5 – 175753.4) 

         = 184082.7431 

         = 184083 

 

The way this expected MLT can be achieved is by adjusting the values for MO, TELCOST, 

TF and ILC to the proposed values. 

They are obtained by calculating (in the same way as above) the interpolated values 

Let   = 
              

                 
 

 

MO =          +  (5.153278 – 5.583934) 

         = 5.546606189 

         = 5.546606189 = 5.55 = 6 

 

TELCOST =          +  (26.7941 – 31.27292) 
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         = 30.88466948 

         = 30.88 

TF =          +  (19.19236 – 9.430827) 

         = 10.27701423 

         = 10.28 

ILC =          +  (5.701224 – 5.161469) 

         = 5208258146 

         = 5208258146 

 

Thus, the PIP procedure estimates that that expected MLT can be increased to 184083 by 

effecting (if possible) these suggested changes. 

The PIPs for the other countries in Table 8.3 (or any other unit from the dataset) can be 

calculated in the same manner. 

 

8.3.2 MO as the state variable 

 

In the next paragraph, we illustrate the calculation of PIPs shown in Table 8.6 for the same 

sample of countries indicated above. Table 8.5 presents the observed values of FLT, MO, 

TELCOST, TF and ILC. 
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Table 8.5 Observed values 

  Observed Expected 

  FLT MO TELCOST TF ILC (MLT_S) MLT MLT_E 

Botswana 144.200 3.000 3.800 69.600 4.000 0.003 1874.100 11522.830 

Brazil 41497.000 8.000 7.700 69.800 6.960 0.233 173959.400 120483.400 

Iraq 1108.400 5.000 9.220 56.500 0.000 0.026 19722.000 19689.760 

Mexico 19424.900 4.000 3.600 77.600 4.000 0.112 83527.900 50223.990 

Nigeria 1419.000 8.000 43.000 61.600 7.520 0.098 73099.300 32645.240 

South Africa 4319.800 4.000 4.200 73.800 5.920 0.062 46436.000 22766.310 

Zimbabwe 385.100 3.000 7.140 52.600 0.240 0.004 2991.000 19678.250 

 

Table 8.6 Proposed values 

  Observed Proposed 

  FLT [MO] TELCOST TF ILC (MLT_S) MLT 

Botswana 149941.800 3.000 26.258 67.058 6.294 0.489 365325.800 

Brazil 263141.900 8.000 3.732 71.356 8.588 0.859 641384.000 

Iraq 249818.200 5.000 10.763 68.696 7.823 0.808 603857.400 

Mexico 199880.000 4.000 18.510 67.877 7.058 0.649 484591.600 

Nigeria 263141.900 8.000 3.732 71.356 8.588 0.859 641384.000 

South Africa 199880.000 4.000 18.510 67.877 7.058 0.649 484591.600 

Zimbabwe 149941.800 3.000 26.258 67.058 6.294 0.489 365325.800 

 

The same PIPs can be represented in figure below: 
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Figure 8.4 Observed and proposed values 

 

We are going to consider these results to illustrate, by using a few examples, the procedure 

for calculating PIPs for individual units. The examples use the data in Figure 8.5 and Table 

8.7 given below: 

The next section describes how these PIPs were calculated. 

 

Recall that to calculate PIPs, we use the max graph. Referring to Chapter 7, the max graph for 

MLT versus MO is given below in the figure and the corresponding max table (Table 8.7). 

 

We then illustrate the procedure for calculating the PIPs in Table 8.6 through interpolation 
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Figure 8.5 MLT versus MO 

 

Table 8.7 For max graph 

FLT [MO] TELCOST TF ILC (MLT_S) MLT 

127.100 0.000 49.500 64.600 4.000 0.010 7528.266 

292622.400 5.857 4.122 69.399 8.478 0.945 706085.300 

249454.500 11.714 3.552 72.265 8.638 0.818 611344.100 

206286.500 17.571 2.981 75.132 8.799 0.692 516602.800 

163118.500 23.429 2.411 77.999 8.959 0.565 421861.500 

119950.500 29.286 1.841 80.866 9.119 0.438 327120.300 

76782.490 35.143 1.270 83.733 9.280 0.311 232379.000 

33614.500 41.000 0.700 86.600 9.440 0.184 137637.700 

 

PIP-calculation for variables fixed at certain levels 

We then illustrate the procedure for calculating the PIPs in Table 8.6 through interpolation 
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Calculating PIPs for Botswana 

 

At present Brazil has an MO of 3.According to the LRSA max graph, the potential MLT for 

Botswana at a fixed MO of 3 is given by  

 

MLT =          + 
   

          
 x (706085.3 – 7528.266) 

         = 365325.7625 

         = 365325.8  

The way this expected MLT can be achieved is by adjusting the values for FLT, TELCOST, 

TF and ILC to the proposed values. 

They are obtained by calculating (in the same way as above) the interpolated values 

Let   = 
   

          
 

FLT =       +  (292622.4 – 127.1) 

         = 149941.7622 

         = 149941.8 

 

TELCOST =      +  (4.121805 – 49.5) 

         = 26.25751044 

         = 26.26 

 

TF =      +  (69.3985 – 64.6) 

         = 67.05776823 

         = 67.06 
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ILC =   +  (8.478195 – 4) 

         = 6.293709578 

         = 6.29 

 

Thus, the suggested PIPs for Botswana is that effecting these changes on the variables would 

improve the expected MLT value to 365325,8. 

As illustrated in these examples, any appropriate variable in the model can be used as a state 

variable. 

The obvious adjustments can be made in cases where the PIP-procedure proposes unrealistic 

changes in variable levels in cases where such variables cannot be changed easily (more of a 

state-variable nature). 

In such cases, it should be noted that the max-values in the graph will not necessarily be 

attainable. 

The next section describes the calculation of PIPs for the case where BSH is the response 

variable. 

 

8.4 PIP calculation for BSH as the response variable 

 

The results were obtained from our empirical analysis as indicated in tables 8.8, 8.9, 8.10, 

8.12 and 8.13. Table 8.9 displays the observed values of INNOV, INSTIT, SPE, EFI, 

INSTREFS, GNIC and FC and the expected value of BSH. 

We shall consider two cases for the calculation of PIPs where BSH is the response variable. 

a) INSTREFS is the state variable (See table 8.11); and  

b) SPE as the state variable. 
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Table 8.8 Regression results 

Response Regression Coefficients       

BSH 

INNO

V INSTIT SPE EFI 

INSTREF

S GNIC FC 

Intercep

t 

R2 

Adjuste

d 
F-

value 

Probab

ility(Pr

>F) 

 

 3.388 -2.584 0.000 -0.031 1.055 0.000 0.139 -5.027 

  
 98.7

3  0.0001 81.140 

t-values  4.38  -3.45  3.99  -0.60  3.61  2.70  2.91  -1.65       

 

In the next paragraph, we illustrate the calculation of the PIPs shown in Table 8.10 for the 

same sample of countries indicated above. Table 8.9 displays the observed values of INNOV, 

INSTIT, SPE, EFI, INSTREFS, GNIC and FC. 

 

8.4.1  INSTREFS as the state variable 

 

Table 8.9 Observed values 

  Observed Expected 

  INNOV INSTIT SPE EFI INSTREFS GNIC FC (BSH) BSH_E 

Botswana 3.040 4.840 14.680 68.500 7.140 5570.000 59.000 0.190 7.147 

Brazil 3.550 3.580 149.250 56.100 5.120 4710.000 37.000 4.000 7.262 

Iraq 2.830 3.690 2074.490 50.200 2.860 2507.000 37.500 7.180 2.990 

Mexico 3.010 3.400 110.120 66.300 4.690 7830.000 35.000 4.250 5.230 

Nigeria 2.870 3.180 0.990 56.000 1.710 620.000 19.000 0.040 -0.698 

South Africa 3.490 4.380 19.010 63.400 6.720 5390.000 45.000 0.770 7.599 

Zimbabwe 2.550 3.410 3.920 31.900 0.440 340.000 26.000 0.120 -2.037 

 

Table 8.10 Proposed values 

Proposed   Proposed 

INNOV INSTIT SPE EFI [INSTREFS] GNIC FC (BSH) 

4.375 4.886 25135.570 55.467 7.140 37761.060 68.433 28.630 

3.971 4.137 17467.510 38.542 5.120 26482.920 47.552 19.797 

3.519 3.298 8888.387 19.606 2.860 13864.790 24.189 9.914 

3.885 3.977 15835.200 34.939 4.690 24082.120 43.107 17.917 

3.288 2.872 4522.903 9.971 1.710 7444.057 12.301 4.885 

4.291 4.731 23541.220 51.948 6.720 35416.100 64.091 26.794 

3.144 4.196 418.618 37.954 0.440 2366.315 17.393 -2.997 

 

y
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The same PIPs can be represented on the graph as follows: 

 

Figure 8.6 BSH versus INSTREFS 

 

We are going to consider these results to illustrate, the procedure for calculating PIPs for 

individual units using a few examples, that is, Figure 8.7 and Table 8.11 given below: 

The next section describes how these PIPs were calculated. 

Recall that to calculate PIPs, we use the max graph. Referring to Chapter 7, the max graph for 

BSH versus INSTREFS is given below in Figure 8.7 and the corresponding max table is 

Table 8.11. 

 

We then illustrate the procedure for calculating the PIPs in Table 8.10 through interpolation. 

 

-10

-5

0

5

10

15

20

25

30

35

40

0 2 4 6 8 10 12

Min

Max

Zimbabwe_PIP

Nigeria_PIP

Iraq_PIP

Mexico_PIP

Brazil_PIP

South Africa_PIP

Botswana_PIP

Botswana

Brazil

Iraq

Mexico

Nigeria

South Africa

Zimbabwe



 

214 
 

 

Figure 8.7 BSH versus INSTREFS 

 

Table 8.11 For max graph 

INNOV INSTIT SPE EFI [INSTREFS] GNIC FC (BSH) 

3.130 4.340 1.860 41.000 0.310 1856.000 18.000 -3.814 

3.277 2.851 4311.409 9.504 1.654 7132.992 11.725 4.641 

3.546 3.350 9414.412 20.767 2.999 14638.470 25.622 10.520 

3.815 3.848 14517.420 32.030 4.343 22143.940 39.518 16.398 

4.085 4.347 19620.420 43.294 5.687 29649.410 53.414 22.277 

4.354 4.846 24723.420 54.557 7.031 37154.890 67.311 28.156 

4.623 5.345 29826.430 65.820 8.376 44660.360 81.207 34.034 

4.530 5.270 4178.600 76.700 9.720 49960.000 97.000 26.349 

 

In the next paragraph, we illustrate the calculation of the PIPs shown in Table 8.10 for the 

same sample of countries indicated above. Table 8.9 displays the observed values of INNOV, 

INSTIT, SPE, EFI, INSTREFS, GNIC and FC. 
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Calculating PIPs for Botswana 

 

At present Botswana has an INSTREFS of 7.14. According to the LRSA max graph, the 

potential BSH for Botswana at a fixed MO of 3 is given by  

BSH = 28.15566 + 
(             )

(                 )
 × (34.03426 – 28.15566) = 28.63044 

 

The way this expected BSH can be achieved is by adjusting the values for INNOV, INSTIT, 

SPE, EFI, GNIC, and FC to the proposed values. 

They are obtained by calculating (in the same way as above) the interpolated values 

Let   = 
(             )

(                 )
 

INNOV = 4.353703 +   (4.622852 – 4.353703) = 4.375440783 

 

INSTIT = 4.846101 +  (5.344906 – 4.846101) = 4.8863692 

SPE = 24723.42 +   (29826.43 – 24723.42) = 25135.56393 

 

EFI = 54.55713 +  (65.82046 – 54.55713) = 55.46681136 

 

GNIC = 3715.89 +   (44660.36 – 37154.89) = 37761.07 

 

FC = 67.31074 +  (81.20706 – 67.31074) = 68.43307 

 

Thus, the suggested PIP for Botswana is that effecting these changes on the variables would 

improve the expected BSH value to 28.63044. 
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Calculating PIPs for South Africa 

 

At present South Africa has an INSTREFS of 6.72. According to the LRSA max graph, the 

potential BSH for South Africa at a fixed INSTREFS of 6.72 is given by  

BSH = 22.27706 + 
(             )

(                 )
 × (28.15566 – 22.27706) = 26.79377234 

 

The way this expected BSH can be achieved is by adjusting the values for INNOV, INSTIT, 

SPE, EFI, GNIC, and FC to the proposed values. 

They are obtained by calculating (in the same way as above) the interpolated values 

Let   = 
(             )

(                 )
 

INNOV = 4.084553 +   (4.353703 – 4.084553) = 4.291349 

 

INSTIT = 4.347297 +  (4.846101 – 4.347297) = 4.730544 

 

SPE = 19620.42 +  (24723.47 – 19620.42) = 23541.253 

 

EFI = 43.2938 +  (54.55713 – 43.2938) = 51.9477689 

 

GNIC = 29649.41 +  (37154.89 – 29649.41) = 35416.12 

 

FC = 53.41443 +   (68.31074 – 53.41443) = 64.0914 
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Thus, the suggested PIP for South Africa is that effecting these changes on the variables, 

would improve the expected BSH value to 26.79377234. 

The PIPs for other countries in the table can be calculated in a similar manner for the case 

where the state variable is SPE. 

In the next paragraph, we illustrate the calculation of the PIPs presented in Table 8.13 for the 

same sample of countries indicated. Table 8.12 exhibits the observed values of INNOV, 

INSTIT, SPE, EFI, INSTREFS, GNIC and FC. 

 

8.4.2  SPE as the state variable 

 

Table 8.12 Observed values 

  Observed Expected 

  INNOV INSTIT SPE EFI INSTREFS GNIC FC (BSH) BSH_E 

Botswana 3.040 4.840 14.680 68.500 7.140 5570.000 59.000 0.190 7.147 

Brazil 3.550 3.580 149.250 56.100 5.120 4710.000 37.000 4.000 7.262 

Iraq 2.830 3.690 2074.490 50.200 2.860 2507.000 37.500 7.180 2.990 

Mexico 3.010 3.400 110.120 66.300 4.690 7830.000 35.000 4.250 5.230 

Nigeria 2.870 3.180 0.990 56.000 1.710 620.000 19.000 0.040 -0.698 

South Africa 3.490 4.380 19.010 63.400 6.720 5390.000 45.000 0.770 7.599 

Zimbabwe 2.550 3.410 3.920 31.900 0.440 340.000 26.000 0.120 -2.037 

 

Table 8.13 Proposed values 

   

Proposed Expected 

 

INNOV INSTIT [SPE] EFI INSTREFS GNIC FC (BSH) 

Botswana 2.519 3.873 14.680 69.332 4.383 1717.382 23.168 -0.539 

Brazil 2.604 3.903 149.250 69.625 4.501 2976.751 24.705 0.222 

Iraq 3.811 4.324 2074.490 73.821 6.196 20994.040 46.704 11.100 

Mexico 2.579 3.894 110.120 69.540 4.467 2610.554 24.258 0.000 

Nigeria 2.511 3.870 0.990 69.302 4.371 1589.265 23.011 -0.616 

South Africa 2.522 3.874 19.010 69.341 4.387 1757.904 23.217 -0.514 

Zimbabwe 2.512 3.871 3.920 69.309 4.373 1616.685 23.045 -0.600 

 

The same PIPs can be represented on the graph as follows: 
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Figure 8.8 Observed versus proposed values 

 

We consider these results to illustrate the procedure for calculating PIPs for individual units 

by using a few examples, as in Figure 8.9 and Table 8.14 given below: 

The next section describes how these PIPs were calculated. 

 

Recall that to calculate PIPs, we use the max graph. Referring to Chapter 7, the max graph for 

BSH versus SPE is given below in the figure and the corresponding max table (Table 8.14). 

 

We then illustrate the procedure for calculating the PIPs in Table 8.13 by means of 

interpolation. 

 

-5

0

5

10

15

20

25

30

35

40

45

0 5000 10000 15000 20000 25000 30000 35000 40000

Min

Max

Nigeria_PIP

Zimbabwe_PIP

Botswana_PIP

South Africa_PIP

Mexico_PIP

Brazil_PIP

Iraq_PIP

Botswana

Brazil

Iraq

Mexico

Nigeria

South Africa

Zimbabwe



 

219 
 

 

Figure 8.9 BSH versus SPE 

 

Table 8.14 For max graph 

INNOV INSTIT [SPE] EFI INSTREFS GNIC FC (BSH) 

2.510 3.870 0.000 69.300 4.370 1580.000 23.000 -0.622 

5.637 4.960 4984.496 80.162 8.757 48227.220 79.955 27.544 

5.592 5.771 9968.991 78.087 9.700 57979.800 91.047 31.376 

5.451 5.785 14953.490 77.870 9.702 56805.840 91.838 33.074 

5.311 5.798 19937.980 77.652 9.704 55631.880 92.628 34.773 

5.171 5.812 24922.480 77.435 9.706 54457.920 93.419 36.472 

5.030 5.826 29906.970 77.217 9.708 53283.960 94.209 38.170 

4.890 5.840 34891.470 77.000 9.710 52110.000 95.000 39.869 

 

Calculating PIPs for Iraq 

At present Iraq has an SPE of 2074.49. According to the LRSA max graph, the potential BSH 

for Iraq at a fixed SPE of 2074.49 is given by 

 

BSH = 0.6218 + 
(2074.49-0)

(4984.496-0)
 × (27.54396 – (-0.6218)) = 11.100466 

B
SH
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The way this expected BSH can be achieved is by adjusting the values for INNOV, INSTIT, 

INSTREFS, EFI, GNIC, and FC to the proposed values. 

They are obtained by calculating (in the same way as above) the interpolated values 

Let   = 
(         )

(          )
 

INNOV = 2.51 +  (5.636817 – 2.51) = 3.811345 

 

INSTIT = 3.87 +  (4.960026 – 3.87) = 4.323656 

 

EFI = 69.3 +  (80.16175 – 69.3) = 73.82054 

 

INSTREFS = 4.37 +  (8.757485 – 4.37) = 6.196021 

 

GNIC = 1580 +  (48227.22 – 1580) = 20994.04 

 

FC =23 +  (79.9549 – 23) = 46.70398 

 

Thus, the suggested PIP for Iraq is that effecting these changes on the variables would 

improve the expected BSH value to 29.2419 

The PIPs for other countries in the table can be calculated in a similar manner for the case 

where the state variable is SPE. 

Examples of PIPs for the case where IDI is the dependent variable are calculated in the same 

manner. 
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8.5  Summary 
 

The aim of this chapter was to analyse performance improvement proposals (PIPs) and 

illustrate it for a sample of some countries (what they are doing right or wrong and how to 

improve it). The performance of a unit/country was evaluated and where possible PIPs were 

suggested. These PIPs are recommendations towards the improvement of the response 

variable by adjusting some of the levels of the decision variables. 

 

In this chapter, an idea for a system has been described to evaluate units (countries) regarding 

their telecommunications proliferation.This procedure is illustrated using the database of 160 

units. Other dimensions such as BSH and IDI are considered. 

The models demonstrated here give the first order relationships .By this it is meant that we 

have noted that FLT has a profound effect on MLT (or mobile proliferation). FLT itself is 

dependent on other factors(second order analysis). The same ideas can be explored for the 

second order analysis, yielding a more refined proposal for a unit (or country) that is serious 

about improving proliferation. The second order (and higher order) relationships were not 

studied in this thesis. 
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CHAPTER 9 

DECISION SUPPORT SYSTEM — A CONCEPTUAL 

FRAMEWORK 
 

9.1 Introduction 

 

The purpose of this chapter is to suggest a conceptual framework for a decision support 

system (DSS) that may be used by countries in a development process. Such a DSS can help 

countries in a development phase to structure their activities, especially their telecoms 

environment optimally. It is carried out by evaluating specific countries, by benchmarking, 

and by determining performance improvement proposals. The focus in this research falls on 

investigating a conceptual framework for a DSS and to consider the attributes that are 

necessary for such a system. The purpose in this chapter is not to arrive at a complete, user 

friendly DSS, but rather to concentrate on the attributes that are necessary for such a system 

and to research the feasibility of such tools. 

 

Developing a DSS is a logical consequence, considering the manual based procedure used in 

Chapter 8 to calculate PIPs. It must be noted that any DSS based on the LRSA techniques 

described here is totally dependent on the quality of the regression modelling. If these models 

are poor on account of unreliable data and outliers, it may be necessary to use robust 

regression methods that detect outliers; the next section briefly discusses outlier detection. 

 

9.2 Outlier detection 

 

Modelling based on unreliable data that has outliers, belongs to a class of robust modelling 

techniques of which robust regression is a part. The problem for multiple linear regression 

involves selecting a model that has uncertain dimensionality (one does not know how many 

and which regressors to use) and identifying (and possibly ignoring) outliers in the data. In 

this research, outlier detection and elimination was not considered for the global dataset. 
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Many researchers have contributed to robust estimation techniques. See the classic work of 

Rousseeuw and Leroy (1987) who describe the use of robust regression techniques. Robust 

regression is often performed in two ways: 

 Choice of norm. Rousseeuw and Leroy (1987) demonstrate that the L1-norm is more 

robust to use and is not so sensitive to outliers. It is possible to compute L1-norm 

regression by using linear programming (see Du Plessis, 2007). 

 

 Use an alternative least square technique. Rousseeuw and Leroy (1987) promote 

the use of LMS (Least median squares) and LTS (Least trimmed square). In contrast, 

these techniques do not minimise the sum of all square deviations. 

LMS regression minimises the median of the square deviations 

Minimise 2

i
i

med r  

LTS regression ―shaves‖ the biggest ordered residuals to eliminate outliers. 

Minimise 2

:
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i i n
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r


  

where 

2 2

: :( ) .... ( )i i n i n nr r   

are the ordered squared residuals. This is very similar to least squares regression, the only 

difference being that the largest squared residuals are not used in the summation, thereby 

allowing the fit to ignore some possible outliers.  

Du Plessis (2007) suggested methods that simultaneously select regressors and then detect 

and eliminate outliers. Since the focus here falls on a DSS system, its main features are 

summarised next. 

The next section gives an overview of DSSs including the following: 

 Major characteristics; 

 Components; 

 Capabilities; and 

 Factors affecting DSS implementation. 
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Every designer and developer of a DSS should have an understanding of these issues in order 

to successfully design and implement a good and fully functional DSS. 

The focus of the next section is to discuss the attributes of a good DSS system based on the 

terminology from Turban and Meredith (1985). Other sources that were also consulted 

include Powell (2001) and Turban and Aronson (1995). 

 

9.3 DSS concepts 

9.3.1  Major characteristics of a DSS 

 

A decision support system is an advanced interactive computerised system which is flexible 

and easy to use by the practicing manager. It is capable of providing direct, personal support 

for managerial decisions. 

The following are the characteristics of a DSS. 

1. The system is interactive (conversational). 

2. The decision maker can use English-like language to command the computer. 

3. The system is flexible and adaptable; the user can combine, change, or rearrange different 

    modules. 

4. The system is easy to use (―user friendly‖). 

5. The system responds to the user in a timely manner. 

6. Managerial judgment is supported rather than replaced. 

7. DSS attempts to improve the effectiveness of decision making rather than its efficiency. 

8. The decision process is usually not automated with standard, well-defined problems,  

    objectives, and solutions. Rather, it is a flexible process that can deal with unstructured  

    problems. 

9. The system structure allows a dialogue based on the manager‘s concepts, vocabulary, and  
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   definition of the decision problem. 

10. DSS attempts to graphically display the information needed by managers. Computer  

     graphics enable a user to view data in several forms. 

11.DSS can support managers in all steps of decision making. 

9.3.2  Attributes of information system performance according to performance 

level 

 Levels 

Lower Higher 

Attributes Basic data processing 

systems 

Integrated data 

processing systems 

Management 

information systems 

Decision support 

systems 

Applications Payroll, inventory and 

personnel record-

keeping 

Production scheduling, 

sales analysis 

Production control, 

sales forecasting, 

some long-range 

strategic planning 

Long-range strategic 

planning and ad hoc 

analysis with‘what-if‘ 

capabilities 

Data base Unique to each 

application , batch 

update 

Common to tasks within 

a system, batch update 

Interactive access by 

programmers 

Data base management 

systems, interactive 

access by managers and 

extensive use of shared 

information 

Decision 

capabilities 

No decision models Simple decision models Management science 

models 

Integrated management 

science and operations 

research models 

Types of 

information 

Summary reports Summary Reports, 

operational information 

Scheduled and 

demand reports, 

Management-oriented 

information, structured 

information flows 

Information to support 

specific decision-

making responsibilities 

Higher 

organizational 

level served  

Sub-managerial levels, 

lower management 

Lower management Middle Management Top Management 

 

Figure 9.1Attributes of information system performance according to performance level (Turban and 

Meredith,1985) 
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The authors also emphasise that only the most sophisticated attributes of each level are listed. 

Many lesser attributes of lower levels are also found on higher levels and overlapping 

attributes exist. 

9.3.3  DSS components 

 

A DSS is composed of the following components (See Figure 9.2). 

 

The database model 

 A database is a collection of interrelated data stored together with minimum of 

redundancy to serve multiple applications. The data is stored so that it is independent 

of the computer program which uses it. 

 

The model base 

 It consists of computer packages and the model base management system 

(MBMS).The MBMS is a software system whose functions are model creation. It uses 

subroutines and other building blocks to generate new routines and reports, model 

update and change, and data manipulation.  

 

The hardware 

 Hardware to run the DSS. 

 

The user-system interface 

 This includes the computer languages and the means by which information is entered 

into the computer and displayed. 
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Figure 9.2: Conceptual models of DSS (Turban and Meredith, 1994) 

 

 

9.3.4  DSS capabilities 

 

Specific tasks and functions that a DSS can perform for the manager: 

1. Update or manipulate the database, the model base, the report format, and so on. Also, 

select data from the database. 

2. Create special (ad hoc) reports in a desired format. These reports, once constructed, 

may be stored in the model base for future use.  

3. Perform standard mathematical calculations and execute the aggregation of data.  

4. Produce reports, memos, letters, and resumés from information available in the 

database. 

5. Signal exceptions (e.g., job execution time that exceeded 5 percent of the time 

standard) and analyse any data that warrant further investigation. 
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6. Construct simple mathematical models that describe a problem or situation as 

visualised by the user.  

7. Perform financial analysis (e.g., consolidate financial statements) in spreadsheet form, 

if desired. 

8. Perform analysis either with standard mathematical models (e.g., regression analysis, 

time series analysis) or with specially created models. 

9. Conduct optimisation. DSS may use analytical methods that can be embedded in a 

command that makes sense to the manager. The DSS may include optimisation 

models, such as linear programming. Experience indicates that nonanalytical users of 

DSS have no difficulty in accepting a highly complex analytical methodology when it 

is embedded in a DSS that is under the manager‘s control. Thus, DSS is able to 

translate complex models into usable techniques for decision making. Further, if the 

user disagrees with the model he can change it. 

10. Performance simulation. One of the major advantages of DSS is the ease with which 

simulation can be performed. Several DSSs include a prewritten routine to conduct a 

Monte Carlo risk analysis or a corporate planning analysis. Special simulation 

planning languages can be incorporated into DSS. 

 

Several other activities can be performed at the wish of the manager: special ratio analysis, 

comparative analysis, or the consolidation, equalisation, separation, or summarisation of 

information.  

 

9.3.5  DSS implementation considerations 

 

There are two basic approaches to the construction of a DSS: 

 

 Do it from scratch; 

 Construct it from an existing DSS generator. 
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A DSS generator is a package of related hardware and software used to build a specific DSS 

application. The second approach is less expensive than the first. 

In this section, the characteristics of DSS and implementation considerations are detailed. 

 

Certain researchers such as van Deventer (1985) implemented a DSS based on the LRSA 

technique and some of the functions of the system, which was interactive, were given a 

dependent variable and a set of regressors. One can produce an LRSA graph by taking a data 

point and then clicking on a country and displaying its data points. The following can be 

considered a summary of the typical features of a DSS considered in this research. 

 

9.4 Main features of proposed system 
 

 Model selection and outlier detection. 

 Evaluate the fit and usefulness of the model, e.g., predictive capabilities (error 

prediction through jack-knife: one at a time or a set at a time). 

 Interpretation 

 

 Significant relationships (statistical tests, e.g., t-tests and F-tests); and 

 LRSA models. 

 

These features are described below as part of the DSS functionalities. 

 

9.5 Proposed system description 

 

The DSS can help countries in a development phase to structure their activities, especially 

their telecoms environment, optimally by producing, by means of a graphic representation, 

the positioning of a certain unit (country) and estimating and showing the potential 

performance if variable levels can be adjusted or altered and then giving a measure of 

performance improvement. 
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The following are made possible by the system: 

 

1. The system must select promising sets of variables and also detect and eliminate faulty 

data points (outliers). Certain researchers talk about selecting the dimension of a linear 

model. 

2. The user must specify variable(s) to be used for LRSA graphs. 

3. The user must indicate which graphs should be used for PIP calculations. 

4. Output must be PIPs for any subset or all the individual cases. 

An algorithm of the system is presented in Section 9.6. 

 

9.6 Prototype system algorithm 

 

Menu 

Which dependent variable do you want to consider? 

OK 

We have modelled this dependent variable as a function of Xi1, Xi2... Xik, do you want to 

consider the same regressor set? Or do you want to add to it or delete some? Please add, 

delete or choose default. 

The system will now compute a regression function and will show it. The R-squared obtained 

was A and the significance of fit was B. Generally speaking the model is: 

 Very good; 

 Moderately good; 

 Poor. 

Do you want to continue or go back to main menu and choose another model? 

If yes 

OK, the system will compute the LRSA graphs for your instance. 
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Do you understand what LRSA does and how it can help you? If no, press HELP LRSA  

If yes, the LRSA process will continue. 

Menu 

Do you want to see the position of the estimated response of a specific unit (country) relative 

to the graph? If not return to main menu. 

If yes, go to menu below. 

Menu 

Do you want the system to produce PIPs (Performance Improvement Proposals) for you? 

If no return to main menu. 

If yes the system produces and shows PIPs. 

The algorithm itself can be represented in the form of a flowchart as follows: 
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9.7 Possible system flow chart diagram 
START

Does model fit well?

Compute LRSA

Do you understand 

LRSA?

Specify variable for LRSA Graph 

representation ideally state Variable

Doyou need State Var 

definition

LRSA Graph

Do you want 
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Do you want to see position 
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LRSA Help

YES

YES
State variable 

definition

N
O

Graph 

Interpretation

N
O

Y
E

S
Y

ES

Do you want to see 

another unit?

YES

N
O

N
O

END

NO

NO
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NO
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Y
E

S
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Eliminate Outliers

NO

Do You want to 
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Figure 9.3 System flow chart 

9.8 Summary 
 

The purpose of this chapter was to describe a possible framework for a decision support 

system for countries regarding their telecommunications environment. The DSS can help 

countries in a development phase to structure their activities, especially their telecoms 

environment, optimally. It does so by evaluating specific countries, by benchmarking and by 

making performance improvement proposals. 

The focus in this research is not to present a complete user friendly DSS, but to concentrate 

on the attributes that are necessary for such a system and the feasibility of such tools. 
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CHAPTER 10 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

FOR FURTHER RESEARCH 
 

10.1  Introduction 

 

This chapter is a summary of the thesis. It starts with a recap of the aims and objectives of the 

research as a basis for making comparisons with the results. Based on these aims and 

objectives, conclusions are drawn and recommendations made for future research. 

 

Recall from Chapter 1 that the research aims and objectives were: 

1) Investigate existing or new models or relationships that identify the important 

variables (both decision and uncontrollable variables or parameters) that could be 

used to typify the profile of a country regarding telecommunications proliferation and 

applications. A prime example would be to determine the available fixed-line 

infrastructure in a country. This information can then be used as part of the situational 

audit regarding telecommunications for that country (unit). 

2) Using the models and relationships that guide the development, investigate desirable 

levels of relevant factors that can improve proliferation of telecommunications. 

3) Compare the levels in 2) above with the situational audit found in 1). Ascertain 

whether changes can be made to improve the performance of the country. Ideally a 

decision support system (DSS) could be created to help decision makers obtain these 

improved performance metrics. 

4) Create a conceptual framework for a DSS that will diagnose a specific case (country) 

and generate performance improvement proposals (PIPs) taking into account the state 

variables. 
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The next section describes how these aims and objectives were achieved in this research. 

 

10.2  Research summary and conclusions 

 

 A study was conducted on the available data in World Bank, International 

Telecommunication Union (ITU), International Monetary Fund (IMF) and other 

sources to identify the database that contains the attributes of the units (countries) that 

had to be investigated empirically. This resulted in compiling a database from 

information from these and other publications that measure and evaluate a situation 

and provide international benchmarks for the different attributes of a range of 

developed and developing countries. 

 An extensive literature study was carried out, which identified possible relationships 

and models that were considered as hypotheses that were tested empirically in this 

research. This study focused on articles that identified and explored the main factors 

in telecommunications (both fixed lines and mobile) that affect desirable response 

variables in a country, such telecommunications proliferation, cost of 

communications, social and economic welfare, etc. 

 Possible relationships were also explored considering the correlation matrix and by 

exploratory regression analysis experiments. 

 An empirical analysis using multiple regression techniques was applied to fit models 

to this data, in order to explore relationships. This analytic approach was aimed at 

international comparisons of the units (countries) identified to establish the profiles of 

successful and not so successful units. 

 An interpretation of the models was performed in order to determine the critical 

success factors and main factors that influence decision making, using interpretive 

methods such as Linear Response Surface Analysis (LRSA). 

  An evaluation of the models was carried out and possible uses were investigated by 

inviting feedback from local and international experts at conferences and workshops. 

Some of these conferences are indicated in the appendix and sample papers presented 
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at some of the conferences are also attached. Comments such as ―good paper‖ and 

―interesting methodology‖ and other positive feedback were given to the researchers.  

 Factors such as freedom from corruption, telecommunications cost and others that 

strongly influence telecommunications proliferation were identified. 

 The feasibility of designing a tool for decision support that is based on the analysis 

and recommendations flowing from the models and interpretive techniques, was 

considered. 

 Specifications for a practical Decision Support System that enables specific units to 

identify the actions that need to be taken to improve their performance were 

constructed. 

 

LRSA technically has enabled us to identify important/influential variables, especially critical 

success factors. A CSF is a factor that, if it is not present, one generally would not have 

success in the objectives, but it has to be present to be successful (necessary but not 

sufficient). In other words, if it is not present you do not have success but it does not 

guarantee success. Therefore other factors become important. As an example, FC is a CSF for 

telecommunications proliferation. 

 

The following main factors were determined that affect telecommunications proliferation as 

measured by MLT: 

FLT, TELCOST, MO, TF, ILC. 

For proliferation as measured by BSH, the main factors were found to be: INNOV, INSTIT, 

SPE, EFI, FC, INSTREFS, and GNIC. 

For proliferation measured by IDI, the main factors were: PS, VA, GDPC, and INFRA. 

Figure 10.1 gives a summary of the main factors that positively affect telecommunications 

proliferation using MLT as a measure and these factors in turn are dependent on other factors 

as illustrated in the previous chapters.  
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MLT TELCOST

MO

FLT

TF

ILC

 

 

Figure 10.1 Summary of main factors affecting telecommunications proliferation as measured 

by MLT. 

 

Individual analysis of the achievement of the aims and objectives: 

 

1. Investigate existing or new models or relationships that identify the important variables 

(both decision and uncontrollable variables or parameters) that could be used to typify the 

profile of a country regarding telecommunications proliferation and applications. A prime 

example would be to determine the available fixed-line infrastructure in a country. This 

information can then be used as part of the situational audit regarding telecommunications for 

that country (unit). 

The following main factors were determined that affect telecommunications proliferation as 

measured by MLT: 



 

237 
 

FLT, TELCOST, MO, TF, ILC. 

Proliferation as measured by BSH was found to be: INNOV, INSTIT, SPE, EFI, FC, 

INSTREFS, and GNIC. 

Proliferation measured by IDI was found to be: PS, VA, GDPC, and INFRA. 

The estimated relationships that established the importance of these factors are also given in 

Chapter 7 and 8 in the form of regression functions with accompanying LRSA graphs. Some 

of these variables can almost be treated as state variables. They are often difficult to change 

in a realistic time frame. 

2. Using the models and relationships that guide the development, investigate desirable levels 

of relevant factors that can improve proliferation of telecommunications. 

Realistic desirable levels of the decision variables or the methodology to compute them are 

given in Chapter 8 for each case. 

3. Compare the levels in 2) above with the situational audit found in 1). Ascertain whether 

changes can be made to improve the performance of the country. Ideally, a decision support 

system (DSS) could be created to help decision makers obtain these improved performance 

metrics. 

In Chapter 8, it was illustrated how the PIPs can be obtained and in principle how a DSS can 

deliver such proposals (and their expected effects). 

4. Create a conceptual framework for a DSS that will diagnose a specific case (country) and 

generate performance improvement proposals (PIPs) taking into account the state variables. 

 

A conceptual framework for a DSS that can in principle generate PIPs for a specific country 

is given in Chapter 9. 

 

In this research, a database was collected on the telecom, social, economic and other factors 

in each country for a dataset consisting of 160 countries of which 48 are from the African 

continent. The relationship between the factors was explored using multiple regression 

techniques and interpreted using LRSA. The idea was to analyse international data to find 
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correlations and relationships and from these, create a framework for a decision support 

system for countries in a development process. 

 

A DSS framework may be able to assist countries in a development phase to structure their 

activities, especially their telecoms environment, optimally. This may be achieved by 

evaluating specific countries, by benchmarking and by making performance improvement 

proposals. 

 

10.3  Recommendations for further research 
 

 Different indicators can be used for various measures of the factors, for example, a 

different measure of telecommunications proliferation such as mobile subscribers per 

100 might be used or an index developed to measure corruption in a country. 

 A different imputation algorithm might be used for missing data and a different factor 

used for the process. 

 Work has to be carried out to improve the integrity and completeness of the data in 

the databases. This could, for example, be achieved by employing some of the robust 

regression techniques for identifying outliers, etc. 

 The methodology described here can be applied in other areas and on other platforms. 

 A different dataset or an even larger one than the one used in this research could be 

used. 

 

10.4  Research challenges 

 

A number of challenges were faced by the researchers; these include, but are not limited to: 

 

 Missing data for many factors, even though the sources were internationally respected 

ones. 
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 Great difficulty in obtaining data for example for the amount of spectrum allocated to 

wireless mobile telephone in many countries. (In South Africa for example, the 

researchers spent many years trying to make an appointment with the local 

telecommunications regulators). 

 

10.5 Summary 

 

It was possible in this research to investigate and determine factors and forces guiding 

telecommunications proliferation. Research papers by other authors suggest that improved 

proliferation should have beneficial effects on economic growth and social development. 

Actions to improve the levels of these factors affecting proliferation in a realistic manner 

were also considered and found to be feasible. This research and findings are of an 

exploratory nature and refinements are naturally possible. It seemed feasible to create a 

decision support system to aid decision makers who are interested in this area. 
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APPENDICES 

Appendix A: Units (Countries) considered for empirical work 

These are the 160 countries considered for the empirical analyses as indicated in 

Chapter 4. 

Albania Cameroon Finland Jamaica  Morocco Senegal 

United 

Arab 

Emirates 

 
Algeria Canada France Japan Mozambique  Sierra Leone 

United 

Kingdom 

 
Angola Cape Verde Gabon Jordan Namibia Singapore 

United 

States 

 
Argentina 

Central African 

Republic 

Gambia, 

The Kazakhstan Nepal 

Slovak 

Republic Uruguay  

 
Armenia Chad Georgia Kenya 

Netherlands, 

The Slovenia Uzbekistan 

 
Australia Chile Germany 

Korea, 

South 

New 

Zealand South Africa Venezuela  

 Austria China Ghana Kuwait Nicaragua  Spain Vietnam 

 
Azerbaijan Colombia Greece 

Kyrgyz 

Republic  Niger Sri Lanka Yemen 

 Bahamas, The Congo (DR) Guatemala  Laos Nigeria Sudan Zambia 

 
Bahrain 

Congo, Republic 

of  Guinea Latvia Norway Suriname Zimbabwe 

 
Bangladesh  Costa Rica  

Guinea 

Bissau Lebanon Oman Swaziland   

 Barbados Croatia Guyana Lesotho Pakistan  Sweden   

 Belarus Cuba Haiti Libya Panama  Switzerland   

 
Belgium Cyprus Honduras  Lithuania 

Papua 

NGuinea Syria   

 
Belize Czech Republic 

Hong 

Kong Luxembourg Paraguay  Taiwan   

 Benin Denmark Hungary  Madagascar Peru Tajikistan   

 
Bolivia Djibouti Iceland Malawi 

Philippines, 

The   Tanzania   

 Bosnia and 

Herzegovina 

Dominican 

Republic India Malaysia  Poland Thailand    

 Botswana Ecuador Indonesia Mali Portugal Togo   

 
Brazil Egypt Iran Malta Qatar 

Trinidad and 

Tobago   

 Bulgaria El Salvador  Iraq Mauritania Romania Tunisia   

 
Burkina Faso 

Equatorial 

Guinea Ireland Mauritius Russia Turkey   

 Burma 

(Myanmar) Estonia Israel Mexico Rwanda Turkmenistan   

 Burundi Ethiopia Italy Moldova Samoa Uganda   

 
Cambodia Fiji 

Ivory 

Coast  Mongolia Saudi Arabia Ukraine   

  



 

242 
 

Appendix B: Preliminary regression results (MLT as dependent variable) 
 
          The REG Procedure 
                                          Model: MODEL1 
                                     Dependent Variable: MLT 
 
                             Number of Observations Read         160 
                             Number of Observations Used         160 
 
 
                                       Analysis of Variance 
 
                                              Sum of           Mean 
          Source                   DF        Squares         Square    F Value    Pr > F 
 

  Model                    13    8.460319E11    65079376573      52.37    <.0001 
          Error                   146    1.814256E11     1242641236 
          Corrected Total         159    1.027458E12 
 
 

     Root MSE                35251    R-Square     0.8234 
                       Dependent Mean          28987    Adj R-Sq     0.8077 
                       Coeff Var           121.61068 
 
 
                                       Parameter Estimates 
 
                                    Parameter       Standard 
               Variable     DF       Estimate          Error    t Value    Pr > |t| 
 
               Intercept     1          58239          22287       2.61      0.0099 
               FLT           1        2.23649        0.10887      20.54      <.0001 
               MO            1     1738.49252      601.94519       2.89      0.0045 
               TELCOST       1     -416.42841      197.93654      -2.10      0.0371 
               INSTREFS      1     -570.69191     2620.15921      -0.22      0.8279 
               INFRA         1      113.46087     4805.97923       0.02      0.9812 
               SPE           1        0.20271        0.97410       0.21      0.8354 
               EFI           1      436.97392      474.84448       0.92      0.3590 
               TRADE         1    -1770.74940     1029.80080      -1.72      0.0876 
               TF            1     -723.86709      283.98084      -2.55      0.0118 
               FC            1     -548.46497      368.42925      -1.49      0.1387 
               ILC           1     5189.34444     1392.94491       3.73      0.0003 
               BUSCOST       1    -1182.11698     1484.76731      -0.80      0.4272 
               GNIC          1       -0.58565        0.39554      -1.48      0.1409 
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Appendix C: Preliminary regression results (BSH as dependent variable) 
 
                                        The REG Procedure 
                                          Model: MODEL1 
                                     Dependent Variable: BSH 
 
                             Number of Observations Read         160 
                             Number of Observations Used         160 
 
 
                                       Analysis of Variance 
 
                                              Sum of           Mean 
          Source                   DF        Squares         Square    F Value    Pr > F 
 
          Model                    20          13093      654.64879      35.90    <.0001 
          Error                   139     2534.94643       18.23702 
          Corrected Total         159          15628 
 
 
                       Root MSE              4.27048    R-Square     0.8378 
                       Dependent Mean        6.81331    Adj R-Sq     0.8145 
                       Coeff Var            62.67851 
 
 
                                       Parameter Estimates 
 
                                    Parameter       Standard 
               Variable     DF       Estimate          Error    t Value    Pr > |t| 
 
               Intercept     1       -5.78243        4.90221      -1.18      0.2402 
               MO            1       -0.01718        0.07435      -0.23      0.8176 
               EFFICI        1       -0.67631        1.59537      -0.42      0.6723 
               INNOV         1        3.36734        1.00745       3.34      0.0011 
               INSTIT        1       -2.34443        0.84890      -2.76      0.0065 
               INFRA         1        1.00868        0.70227       1.44      0.1532 

VAA           1        0.05309        0.03296       1.61      0.1095 
               VAS           1        0.02492        0.02457       1.01      0.3122 
               SPE           1     0.00044173     0.00012382       3.57      0.0005 
               EFI           1       -0.16711        0.08397      -1.99      0.0485 
               BF            1        0.03739        0.04244       0.88      0.3798 

TF            1        0.01745        0.03755       0.46      0.6428 
               IF            1        0.02720        0.03216       0.85      0.3991 
               FC            1        0.15163        0.04955       3.06      0.0027 
               GDPC          1    -0.00007860     0.00005764      -1.36      0.1749 
               ILC           1       -0.18760        0.18792      -1.00      0.3199 
               BUSCOST       1     0.00044123        0.21390       0.00      0.9984 
               BUSDAYS       1        0.09827        0.13696       0.72      0.4743 
               INSTREFS      1        0.84629        0.37300       2.27      0.0248 
               ALR           1        0.27582        0.20859       1.32      0.1882 
               GNIC          1     0.00016931     0.00007140       2.37      0.0191 
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Appendix D: Preliminary regression results (IDI as dependent variable) 
 
                                        The REG Procedure 
                                          Model: MODEL1 
                                     Dependent Variable: IDI 
 
                             Number of Observations Read         160 
                             Number of Observations Used         160 
 
 
                                       Analysis of Variance 
 
                                              Sum of           Mean 
          Source                   DF        Squares         Square    F Value    Pr > F 
 
          Model                     8      950.16226      118.77028       6.53    <.0001 
          Error                   151     2747.16330       18.19313 
          Corrected Total         159     3697.32556 
 
 
                       Root MSE              4.26534    R-Square     0.2570 
                       Dependent Mean        3.91094    Adj R-Sq     0.2176 
                       Coeff Var           109.06186 
 
 
                                       Parameter Estimates 
 
                                    Parameter       Standard 
               Variable     DF       Estimate          Error    t Value    Pr > |t| 
 
               Intercept     1       -0.96795        3.64101      -0.27      0.7907 
               EFFICI        1        0.20538        1.43034       0.14      0.8860 
               INNOV         1       -1.04083        0.91410      -1.14      0.2567 
               INFRA         1        1.92277        0.59819       3.21      0.0016 
               FC            1        0.01605        0.04277       0.38      0.7080 
               GDPC          1     0.00010813     0.00005496       1.97      0.0509 
               ILC           1        0.12929        0.17500       0.74      0.4612 
               INSTREFS      1       -0.33862        0.30132      -1.12      0.2629 
               GNIC          1    -0.00005216     0.00006824      -0.76      0.4459 
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Appendix E: CD rom contents 

 

The CD rom accompanying this research contains the following: 

 

 Dataset: The main dataset used in this research and other datasets used in other 

conferences. 

 Regression results carried out in this research including cases for second order 

models. 

 Conference papers. Papers presented at national and international conferences that are 

cited in this research. 

 Correlation matrix: The correlation matrix considered in our empirical analysis. 

 LRSA results: All results from applying LRSA that were used to plot the graphs. 
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Appendix F: Multiple imputation algorithms 

The algorithm briefly discussed in Chapter 5 is explored in more detail below:  

The following notation is used in this section unless otherwise stated: 

Notation (multiple imputation algorithms) 

 

 : Set of variables that have no missing values. 

   :The data value for case i, variable j. It may be missing. 

 :The total number of cases. Each case may represent more than one observation due to 

frequency (replication) weights. 

  
   : The collection of observed values of variable j. 

  
   : The collection of missing values of variable j 

     = (  
   ,…,  

   ): The collection of all observed data. 

     = (  
   ,…,  

   ): The collection of all missing data. 

 

Fully Conditional Specification (FCS) (multiple imputation algorithms) 

 

In this method, an amputation model for each variable with missing values is specified. As an 

iterative MCMC procedure, for each iteration it sequentially imputes missing values starting 

from the first variable with missing values. 

 

 Set initial values for missing values in all variables Y1
 (0)
, …, YK

(0) 
 (see below ). 

 At iteration t, for j = 1 to K: Given X , Y1
(t)

 , … , Y
(t)

j-1 , Y
(t-1)

j+1 , … , Y
(t-1)

K ; that is, 

the most recently imputed values of all other variables, X , Y2
(t-1)

 , … , Y
(t-1)

K  for j = 

1, and 

X, Y1
 (t)
, … , Y

 (t)
 K-1  for j = K, use a univariate method to impute all missing values 

in the jth variable, Yj
 (t)

 . 

 Continue iterations until the maximum number of iteration is reached. 
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We create multiple imputations by the multiple chain method; that is, we repeat the above 

steps   times to get   imputations. Each chain starts with a different seed for random 

numbers and different initial values. 

 

Initial Values 

 

For a continuous variable with missing values, use the non-missing values to find its sample 

mean and standard deviation, then fill in the missing values with random draws from a 

normal distribution with mean and standard deviation equal to the sample values, limited 

within the range of the observed minimum and maximum values. 

 

For a categorical variable with missing values, use the non-missing values to find the 

observed proportion of each category, then fill in the missing values with random draws from 

a multinomial distribution with category probabilities equal to the observed category 

proportions. 

 

Assessment of Convergence 

 

For each imputation and each iteration, missing values are imputed for each variable. Let 

  
      (   )

 be the vector of imputed values of   
     at iteration  , imputation  . For each(   ), 

calculate the sample mean and standard deviation of    
     (   )

: 

  
(   )

 = mean (  
     (   )

) 

  
(   )

 = √   (  
     (   )

) 

Sequence plots of   
(   )

 versus   and   
(   )

 versus   are useful in assessing convergence. If there 

are 5 imputations, then there will be 5 lines (different color) in the same plot. On 

convergence, for each variable  , the traces of different   should be intermingled with each 

other without showing any definite trends, and the variance between different sequences is no 

larger than the variance with each individual sequence. When frequency and analysis weights 

are involved, the mean and standard deviation are calculated using the weights as well. 
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The regression aspect is then dealt with as follows: 

Linear regression (multiple imputation algorithms) 

The variable to be imputed, y, is a continuous variable and is to be used as the dependent 

variable in the regression model. Both frequency and regression weights are accepted. 

Model yi = x
'

i ie   with 

2
~ 0,( )i

i

e N
w


 is used. 

Prior: Pr
2

 1,log ) (    , or equivalently Pr
2 2

 1/, ) (     

Using the complete cases, fit the regression model, assuming that all redundant parameters 

are removed if there are any. Denote the fitted parameters 
2ˆ ˆ( ,  )   such that 

̂ = (X
'
 c  Fc  Wc  Xc ) 

-1 
X

'
c Fc Wc Yc 

2̂ = (Yc – Xc ̂  )
 '
 FcWc ( Yc – Xc ̂ ) / (  Nobs – p ) 

 

where Nobs = 
( )

i

i obs Y

f


     is the number of complete cases, p is the number of parameters, and     

  Yc, Xc Fc,Wc, are the dependent vector, design matrix and frequency weight, regression 

weight matrix for complete cases. 

 

The posterior distributions are: 

  | 2 , Yc, Xc 
~
N ( ̂ , ( X

'
c Fc Wc Xc ) 

-1 2 ) 

2 |  Yc ,Xc 
~
 ( Nobs – p )

2̂ / χ
2
Nobs – p 

 

Let A be the upper triangular matrix of Cholesky decomposition ( X
'
c Fc Wc Xc  )

 -1
 = A

'
 A 

Draw parameters from the posterior distributions. 
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 Draw ( * )
2
: draw a random value u from χ

2
Nobs – p ,then ( * )

2 
= (  Nobs – p )

2̂ / u. 

 Draw *  : draw p independent N(0,1) values to create a random vector  v, then 

*  = ̂ + *  A
'
v. 

Impute missing values. For i in mis(Y), draw zi from N(0,1); imputation is 

*

iy =  xi
' * + 

*
i

i

z
w



.
 

 

Repeat the drawing of parameters and imputation of missing values to generate multiple 

imputations. 

 

Incorporate restrictions 

 

Using the linear regression method, a continuous variable may have an imputed value well 

outside the range of observed values, so the imputed values of continuous variables can be 

restricted to fall within a user-specified range, . When an imputed value falls outside  , the 

algorithm draws another imputed value until a value is drawn within   or    draws have been 

made (the maximum number of tries allowed for drawing each missing case under the given 

parameter). 

If the   limit is reached, a new set of parameters is drawn from the posterior distributions 

(discarding any successfully imputed values for this variable during this imputation) and the 

process of imputing missing values is repeated until a set of imputed values is obtained for 

this variable and this imputation or    sets of parameters have been drawn (the maximum 

number of tries allowed for drawing parameters). 

  If the    limit is reached, the algorithm stops and issues an error. 
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