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ABSTRACT 

Background 

The HIV/ AIDS epidemic poses a serious challenge worldwide and threatens human welfare. 

The severity of this epidemic varies from district to district in Botswana, with the highest 

prevalence recorded in Selebi-Phikwe and North-East districts. This study seeks to provide an 

update of the spatial distribution of HIV/AIDS prevalence using different interpolation 

procedures. The study also seeks to identify socio-economic, geographic, demographic and 

behavioural risk factors that promote the spatial distribution of HIV/AIDS prevalence. 

Data and Methods 

This study used secondary data from the Botswana AIDS Impact Survey IV (BAIS IV), a 

nationally representative sample survey conducted between January and April 2013. The 

respondents of this study were 116482 HIV positive individuals aged 15-49 years in 12 

selected districts. Inverse distance weighting, kriging and natural neighbour interpolation 

methods were used within ArcGIS Geographic information systems (GIS) software to 

generate continuous surfaces of HIV/ AIDS prevalence. Spatial autocorrelation and clustering 

of HIV prevalence were analysed using Moran's I and Getis-Ord General G statistics. Local 

indicator of spatial association (LISA), Getis-Ord Gi* and Kulldorff scans were employed to 

identify districts that had high or low concentration of HIV/ AIDS (Hot/Cold spots). Logistic 

regression was used to identify factors that were associated with spatial distribution of 

HIV/ AIDS prevalence. 

Results 

Overall HIV/AIDS rates are high with Selebi-Phikwe having the highest of 18.6% followed 

by Francistown and Central-Mahalapye with 15.7% and 13.8% respectively. Females have a 

higher prevalence rate (62.7%) than men (37.3%). HIV/AIDS was also observed to be higher 

among the unmarried (47.7%), Christians (82.6%), fulltime workers (40.5) and among those 

with junior education (44.9%). Moran's I and Getis General G statistics revealed that 

HIV/AIDS is spatially distributed with values 0.135, p= 0.0481 and Z = 24101. P =0.016 
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1. 

respectively. Central-Serowe district was identified as the hotspot by both Kulrdoff scan and 

Getis Ord with a Log likelihood of 11248.11 and relative risk of 7.6. Three secondary 

clusters were also identified and these are Selebi-Phikwe, Francistown and Central-Mahalapye 

with relative 1.36, 1.16 and 0.28 respectively. On the contrary, the results revealed 

Ngwakwetse and Kgalagadi north and south as cold spots. Ordinary kriging with RMSE 

(6.3263) was found to be the best interpolation method and the continuous maps indicated that 

HIV/ AIDS is concentrated in the south, northeast and the central districts. The logit model 

showed that alcohol, the number of sexual partners and condom use are the common risk 

factors contributing to the spatial distribution of HIV/ AIDS in the selected districts of 

Botswana. 

Conclusion 

The spatial differences of HIV/ AIDS across the selected districts and the identification of 

hot/cold spots suggest that a one size fits all kind of intervention might not be suitable for 

implementation in the different districts. Intervention should therefore, incorporate spatial 

variability and the identified risk factors. Reduced logistic regression model was significant in 

identifying factors associated with HIV/ AIDS. 

KEY WORDS: Spatial distribution, Risk factors, Interpolation, Demographic, HIV/AIDS 

Botswana Aids Impact Survey IV (BAJS IV), Distribution 

xi 



CHAPTERl 

STUDY ORIENTATION 

1.1. Introduction 

Acquired immune deficiency syndrome (AIDS) is an infectious disease caused by the human 

immunodeficiency virus (HIV). There are two types of the lilV virus, HIV-I and IIlV-2, both 

of which ultimately cause AIDS. AIDS is one of the most devastating public health problems 

worldwide. The first case of AIDS was recognized among homosexual men in the United 

States in 1981 (Jeefoo, 2012). Since its first identification three decades ago AIDS has 

infected at least 60 million people and caused more than 25 million deaths (sharp and Hahn, 

2011). Countries in the Sub-Saharan African (SSA) region are more heavily affected by the 

HIV/ AIDS epidemic compared to other regions. The pandemic had far fetching effects and 

these include decreased life expectancy, increased mortality rates and the social and economic 

burden of orphan hood. 

These countries have an estimated 22.4 million people living with the HIV (UNAIDS 2010), 

with more than two thirds of global cases of HIV/ AIDS. This implies that for every three 

individuals affected by HIV globally, two live in the SSA region. About 1.4 million people 

have died due to Acquired Immune Deficiency syndrome (AIDS) related diseases. 

Furthermore, in 2010, new HIV infections in the region were estimated at 1.9 million 

(UNAIDS, 2010). The adult population's HIV prevalence rate in the region was estimated to 

be 5.2%, while the global prevalence was about 0.8% during 2010. There is considerable 

variation of HIV prevalence between sub-regions. Western and central parts have 

comparatively lower prevalence rates (2%) compared to the southern parts, whose prevalence 

rates range between 15% and 30% (UNAIDS, 2010). 

The epidemic in Africa differs from that elsewhere in the world in that it is mostly spread 

through unsafe heterosexual intercourse, which means that women are more heavily affected 

in Africa than in other regions. This has two significant implications. Firstly, there is a 

massive vertical transmission to infants and secondly, if one parent is infected, the other is 

also likely to become infected, raising the number of orphans (Daniel, 2000: Barret, 2007). 
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According Barret, (2007) the result of the epidemics in sub-Saharan Africa has been the loss 

of a whole generation of young adults, who leave over 12 million orphans. 005). The peak 

ages of AIDS cases in sub-Saharan Africa are 20-29 years for females and 25-34 years for 

men (Barret, 2007). 

1.2. Background of the study 

The beginning and terrifying spread of the HIV and acquired immune deficiency syndrome 

(AIDS) presents a serious challenge and threatens the overall human welfare. Botswana is 

experiencing one of the most severe HIV/ AIDS epidemics in the SSA region and worldwide. 

The national HIV prevalence rate among adults is the highest (23.4%), which is the second 

highest in the world, behind Swaziland (26%) (UNAIDS, 2012). The 2013 Botswana AIDS 

Impact Survey IV (2013 BAIS IV) data indicated a national HIV prevalence rate of 18.5 %, 

while the rate of new infections (incidence) estimated was 2.61 %. 
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Figure 1. 1 HIV/AIDS Prevalence Rate by Age and Gender (Adapted from BAIS IV) 

The national HIV prevalence rate was found to be at its peak between the ages 35-39 years 

(43.7%) and 45-49years (41.8%). Figure 1.1 show the prevalence rate by age and gender The 

prevalence patterns among females show some disparities, with female prevalence rising to 

nearly 50.6% at an earlier age whilst that of male rises to 43.8% in the 40-44 years age group. 
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Female prevalence is higher than for men of the ages below 50 years, while male prevalence 

is higher for those beyond 50 years (Central Statistics Office, 2013). 

Individuals, families and communities are suffering because of the impact caused by 

HIV/AIDS. There is a critical geographic variety in the regional level and HIV prevalence is 

varied with the most noteworthy recorded in Selebi-Phikwe, furthermore in the north East 

districts having a prevalence of 41.6% (Kandala et al. 2012). The high prevalence among 

teenagers and adults (ages 15-49) has serious implications and consequences for Botswana's 

economy and well-being in general. 

Kandala et al. (2012) studied the geography of HN/AIDS. The study produced age- and 

location-adjusted prevalence maps and these are important when focusing on of HIV 

instructive projects. For effective intervention and prevention of the epidemic, there is need 

for understanding both its spatial patterns and factors promoting its spatial distribution. In 

Botswana, no study combined spatial distribution and factors associated with HIV/AIDS. 

Hence the country keeps on being essentially tested in addressing the issues surrounding the 

prevention the transmission of the epidemic as signalled in the BAIS IV overview report ( 

Botswana AIDS Impact survey, 2013 (BAIS IV). The current study uses 2013 BAIS IV data 

to investigate the spatial patterns of the pandemic in Botswana. The study further determines 

the social, cultural, economic, behavioural and other distal factors that might explain the 

spatial distribution of the epidemic. Understanding the spatial distribution of the epidemic and 

the factors promoting it, could help health officials to determine where intervention and 

prevention programmes are needed most. 

1.3. Importance of Spatial Analysis 

The spatial component of health data can play a crucial part in helping explain variability in 

risk because health status, environmental hazards, population numbers, demographic and 

socioeconomic profiles, and other relevant characteristics (e.g., susceptibility and exposures) 

all vary across space.(Pfeiffer et al,. 2008). Spatial analyses are important to health research 

because they highlight concepts of proximity and access, isolation or exposure, 

neighbourhoods' effects and boundaries, and diffusion (Logan, 2012).According to Chimoyi 

and Musenge, 2014 HIV/AIDS has a geographical structure that determines its epidemiology, 
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a characteristic of spatially correlated data. Transmission in neighbouring locations is 

influenced by common spatially correlated and this results in the creation of spatial 

heterogeneity of diseases on a community, regional or national level (Chimoyi and Musenge, 

2014). "Spatial analysis therefore takes into account these variations providing parameter 

estimates and predictions that can be used to produce spatial risk maps with the outcomes of 

interest in areas otherwise not sampled ",(Chimoyi and Musenge, 2014 p2). Hence, the use of 

spatial rather than standard regression models is suitable for accounting for these variations at 

district level in Botswana. The methods also allow examination of the spatial heterogeneity 

and identification of hotspots of diseases independently of administrative boundaries and 

spatial heterogeneity in the assessment of risk factors. The use of spatial analysis has provided 

important data information to national health policy makers for developing effective 

interventions and allocation of finance and human resources based on the local situation 

(Barankanira et al., 2016). Once cluster detection has been accomplished, then hypotheses and 

testable explanations can then be generated which attempt to give insight as to the cause of 

these patterns 

1.4. Problem Statement 

The government of Botswana has put in place various programs and policies to combat the 

spread of HIV. Some of them are the prevention of mother-to-child transmission (PMTCT), 

antiretroviral therapy (ARV), prevention of sexual transmission, HIV counselling and testing 

(HCT), sexually transmitted infections (STI) management, preventing Blood Borne 

Transmission (BBT), and many more. These interventions have been scaled up and the 

coverage rates have been above average. Currently in Botswana antiretroviral treatment has an 

estimated coverage of 87% of all patients in need of ART (UNAIDS, 2013). 

The issue is that regardless all these efforts, Botswana keeps on being constantly tested in 

addressing issues encompassing the prevention of HIV/ AIDS transmission. Equally 

noteworthy is that still after 12 years of a well-resourced HIV/ AIDS response and in a country 

of only 2.2 million people, the prevalence is still high. In addition, substantive information 

about HIV/ AIDS remains low in more than half of the young adults. The present status of the 

pandemic is such that Botswana is among nations in Southern Africa with the most elevated 

burden of HIV having HIV prevalence rate of 18.5% (UNAIDS, 2013). The BAIS IV 2013 
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-· 
summary results show that .there is an increase of 0.9% compared to BAIS III 2008 in the 

prevalence rate. 

Furthermore, there is little research on the spatial distribution of HIV/ AIDS in Botswana 

using different interpolation · techniques. Numerous studies internationally have mostly 

concentrated on aspects such as gender role attitude (Letamo, 2011), the impact of 

circumcision (Ayiga and Letamo 2011 ), the efficacy of therapies and vaccine development 

(Koff and Berkely, 2010), exploring the contribution of other diseases on HIV transmission 

(Van Houdt et al., 2010) and the geography of HIV/AIDS (Kandala et al., 2012). However, 

limited research on the spatial distribution has been conducted in Botswana using 

geographical information systems to better comprehend the spatial epidemiology of 

HIV/AIDS. 

1.5. Rationale of the study 

This study considers the importance of the spatial distribution of HIV/ AIDS in Botswana. 

This is because studies have shown that HIV/AIDS is not equally distributed in the country. 

HIV/AIDS has shown to be higher in Selebi-Phikwe, Sowa and Francistown (Kandala et al., 

2012). This study seeks to identify the hotspots or cold spots of the epidemic in the country 

and to also identify risk factors that contribute to the spatial distribution of the epidemic. 

Understanding the variation of the epidemic and the risk factors associated with it can.help to 

ensure that scarce resources are allocated efficiently to the districts where there is a greater 

risk. 

The findings from this study will furnish significant information to the government and policy 

makers on the spatial distribution of the epidemic in the country. The Ministry of Health 

which is directly responsible for health delivery services in terms of policy formulation, 

implementation, monitoring, evaluation and regulation of health delivery services stands to 

benefit from the outcome of this study. The ministry and other organisations would be 

informed about districts that need more intervention and the risk factors that need urgent 

attention. The National AIDS Coordinating Agency and Non-Governmental Organisations 

will benefit from this research in terms of having knowledge about districts that need more 

HNI AIDS intervention resources. 
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1.6. Aim of study 

The aim of the study is to use current data to assess the spatial distribution of HIV/ AIDS in 

Botswana using inverse distance weighting, natural neighbour and ordinary kriging. 

Additionally it determines HIV/AIDS prevalence risk factors associated with the spatial 

distribution. The study also aims to produce maps to identify high and low risk areas and 

compare them with previous spatial distribution maps. The study further aims to identify 

hot/cold spots and factors promoting the spatial patterns using 2013 BIAS IV data. 

1.7. Research Questions 

The main research questions for this study are stated as follows: 

1.6.1 What are the similarities or dissimilarities of HIV/ AIDS characteristics in districts 

sharing a common border? 

1.6.2 Which districts have high or low concentration of HIV/ AIDS? 

l .6.3Which is the best spatial interpolation method for BAIS IV data? 

1.6.4 What factors promote the spatial patterns of HIV/AIDS in Botswana? 

1.8. Research Objective(s) 

The study is set to achieve the following objectives: 

• To determine if districts have similar or dissimilar HIV/ AIDS characteristics 

• To classify districts according to a high or low HIV/AIDS prevalence rate. 

• To construct continuous surface maps of HIV/AIDS prevalence. 

• To determine the best spatial interpolation method for analysing spatial distribution 

using BAIS IV data. 

• To provide suggestions on improving HIV/AIDS interventions. 

• To determine factors that promotes the spatial patterns of HIV/AIDS. 

1.9. Significance of the Study 

Botswana is rated second in the world among countries with the highest HIV infection rate, 

with one in three adults infected by the epidemic (UNAIDS, 2012). Several studies worldwide 
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have been undertaken on the spatial distribution of HIV/ AIDS using different spatial 

interpolation methods with demographic and health survey data (DHS). Very little research 

has been done that compares different spatial procedures in the spatial analysis of HIV/ AIDS 

data. The only research on the spatial distribution of HIV/AIDS epidemic in Botswana was 

conducted by Kandala et al. (2012) using 2008 Botswana Aids Impact Survey III. The 

Bayesian geo-additive mixed model based on Markov Chain Monte Carlo was utilised by the 

researchers to map the geographic distribution of HIV prevalence in the 26 districts. 

Also, several studies have been carried on different risk factors of HIV/ AIDS Greener et al., 

(2000) looked at influence of HIV/AIDS on poverty and inequality, Letamo (2011) at gender 

role attitude on the epidemic and Ayiga and Letamo (2011) on the impact of circumcision on 

the epidemic Although the studies are helpful, they lacked the spatial component of the 

disease. Appreciating the spatial variation of the epidemic infection in a country together with 

its drivers is crucial for establishing where prevention and treatment programmes need to be 

focussed because of the scarce resources. There is little research on spatial distribution of 

HIV/ AIDS in Botswana which used different interpolation techniques. 

A study that combines BIAS data with socio-economic, geographical and cultural factors to 

investigate factors that contribute to high risk of infection and how and why certain districts 

of Botswana have high prevalence rates than others is needed. The current study seeks to 

explore the spatial distribution of HIV/ AIDS using different interpolation methods (inverse 

distance weighting (IDW), kriging and nearest neighbour). Likewise, studies that also 

compare the performance of these interpolation methods using BIAS IV data and determining 

factors that influence the epidemic's spatial patterns are needed. Furthermore, the current 

study analyses the influence of spatial autocorrelation patterns of nearby districts, created 

spatial maps and compared these with previous maps. 

This study might be beneficial to the body of the literature on spatial distribution by using 

different methods for analyzing spatial distribution using demographic and health survey data. 

It will also contribute to literature by providing current statistics on HIV/AIDS and will help 

government, policy makers and service providers to identify areas that need intervention. 

Furthermore, this study will benefit Botswana government by showing the recent 

geographical patterns of HIV/ AIDS in Botswana and providing information as to why some 
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districts of Botswana have high prevalence rate than others. Knowledge of this information 

might help government, policy makers and service providers in planning, monitoring and 

evaluation of health programmers. This may also help the government of Botswana to 

restructure its intervention programs for each district and come up with specific programs that 

will prevent the spread of the epidemic 

1.10. Assumptions 

This study is based on the belief which states that everything is related to everything else, 

close things are more related than distant things (Tobler, 1970). Statistics aims to characterise 

a population based on a sampling of that population. If samples are not randomly selected, the 

sample population might be biased and calculations from a biased sample population will not 

accurately describe the population of interest, hence the assumption of the study is that 

samples are randomly chosen from the population. The study also assumes that HIV/AIDS 

prevalence is homogeneous in Botswana districts. 

1.11. Outline of the thesis 

The study is composed of five chapters. The first chapter gives the introduction of the 

epidemiology worldwide in sub-Saharan Africa. Chapter two gives the literature review of 

HIV/AIDS worldwide, in Africa, in sub-Saharan and in Botswana. Firstly it looks at 

prevalence and modes of transmission. Secondly it examines the uses and importance of GIS 

in health research. Thirdly it examines spatial analysis, its importance and where it has been 

utilised. Lastly, it looks at studies done using different interpolation techniques. Chapter three 

describes the research methods employed in this study. Emphasis is on autocorrelation 

methods, hotspot detection methods, interpolation techniques and logistic regression. Chapter 

four reports on the findings of the study and discusses their implications. Chapter five looks at 

discussions, contribution of the study and recommendations. 
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1.12. Definition of terms 

This section gives a definition of the terms frequently used in the study. 

Spatial Analysis: Analytical technique which accounts for spatial variations inherent in 

spatial data which can be used for statistical inference (Graham et al., 2004) 

Clustering: Grouping of health events situated closely together in relation to time and/or 

space (Graham et al., 2004). 

GPS (Global Positioning System): A device that collects spatially distributed data in real 

time (Moodley, 2010). 

Demographic and Health Surveys: These are nationally- representative household surveys 

that provide data for a wide range of monitoring and impact evaluation indicators in the areas 

of population, health and nutrition (Otwombe, 2013) 

GIS (Geographical Information System): This is a series of tools for the acquisition, 

storage, retrieval, analysis and display of spatially referenced data (Graham et al., 2004; 

Moodley, 2010). 

Prevalence: The actual number of cases alive with the disease either during a period (period 

prevalence) or at a particular date in time (point prevalence. (Shields and Twycross, 2003). 

Incidence: This is number of new ( or newly diagnosed) cases of a disease occurring during 

a period of time (Shields and Twycross, 2003). 

1.13. Conclusion 

This chapter outlined the background of HIV/ AIDS in Botswana. It briefly provided 

prevalence rate of the disease in Southern Africa. The chapter also presented the aim of the 

study, objectives, research questions, problem statement, and significance of the study and the 

assumptions of the study. 
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CHAPTER2 

LITERATURE REVIEW 

2.1. Introduction 

In Chapter I, the study was oriented by looking at the general prevalence of HIV/ AIDS, the 

aims, objectives and significance of this study. This chapter examines the literature review on 

the prevalence of HIV/AIDS. First the study looks at the statistics of HIV/AIDS worldwide, in 

Africa and in Botswana. It also examines literature on the importance of GIS and spatial 

statistical analysis in health research. The chapter ends by looking at literature on 

interpolation methods. 

2.2. IDV/AIDS Worldwide 

Research on HIV/AIDS has steadily increased since its discovery two decades ago. A wide 

range of topics have been researched since the discovery of this pandemic. These range from 

demographic implication of the study, research into intervention, best practices that may stop 

the spread of the disease and spatial distribution of the disease. 

HIV/ AIDS is a worldwide problem that has affected many people in the whole world. Since 

the beginning of the pandemic in 1981, 78 million people have been infected and about 39 

million have died of the epidemic. There were 35 million people living with the epidemic 

globally in 2013 and of these, 3.5 million were children under the age of 15. In the same year 

2.1 million people were newly infected (UNAIDS 2013). Of the 39 million people who have 

died due to the epidemic, 1.5 million have died of AIDS related diseases. These include 

pneumonia, herpes simplex, cancer, diabetes and tuberculosis which is the most common 

opportunistic infection related to the epidemic and the principal reason for death among 

individuals with the epidemic. These are called "opportunistic' diseases because they take 

advantage of the ill peoples' weakened immune system and they can cause destructive 

illnesses (Avert, 2014). 
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The burden of HIV/ AIDS varies significantly between countries and regions. Sub- Saharan 

Africa (SSA) is the mostly affected region and it accounts for almost 70% of the people living 

with the epidemic worldwide despite that only 13% of the world's population live in SSA 

(Morison, 2001, Kandala et al., 2012). About 88% of children living with the epidemic reside 

in this region. The national prevalence rate of most countries in sub-Saharan Africa is greater 

than 1 % with South Africa having the most number of individuals living with the epidemic 

around the world (6.8 million): Swaziland (27.4%) has the highest prevalence rate in the globe 

(UNAIDS, 2015). 

Nearly 2 million people in Latin America and the Caribbean are estimated to be living with 

HIV/AIDS and newly infected individuals were about 100 000 in 2014 (UNAIDS, 2015). 

The Caribbean region is the second hardest hit region after South Africa with an adult 

prevalence rate of 1.1 % In this region, Haiti has the highest the epidemic prevalence rate 

(1.9%) and Brazil has the highest number of persons living with the pandemic ranging at 

about 610 000 -1000000 (UNAIDS, 2015). About 1.5 million people in Eastern Europe and 

Central Asia are estimated to be living with the epidemic and this includes 140 000 who are 

newly infected. In this region, the Russian Federation and Ukraine account for 85% of people 

living with the epidemic (UNIADS, 2015). 

Worldwide, Brazil is one of the few countries that effectively checked the spread of the 

epidemic (World Health Report, 2004). Its primary HIV/AIDS programme was introduced in 

the State of Sao Paulo in 1983. This occurred immediately upon realisation that four cases of 

HIV/ AIDS were been reported. The structure and role of the public health system in Brazil 

has influenced significantly its response to the epidemic. By the end of 2002, about 260 000 

cases had been reported to the Ministry of Health. The World Bank had estimated that the 

prevalence rate of the epidemic in Brazil by 2000 would be 1.2%, but due to the country's 

effective response programme, the prevalence was half of the World Bank's prediction 

(0.6%). A large-scale widespread antiretroviral distribution programme was first implemented 

in Brazil. And about 130 000 people in Brazil are now provided with free drugs for 

opportunistic infection (World Health Report, 2004). 
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Figures 2.1, 2.2 and 2.3 show adult prevalence rates, the number of people living with 

HIV/AIDS and the number of new infections worldwide for the year 2014. 

Adult HIV Prevalence Rate, 2014 

Global HIV/AIDS Prevalence Rate= 0.8% 

D N/A 
D <1" (67 countries) 
■ 1-5" (32 countries) 
■ 5-10% (4 countries) 
■ >10% (9 countries) 

NOTES: Data are estimates. Prevalence rates indude adults ages 15-49. 
SOURCE: Kaiser Family Foundation, based on UNAIDS .. How AIDS Changed Everything; 201S. 

Figure 2.1 Adult HIV/AIDS Prevalence Rate for the Year 2014 (Source: Kaiser Family 

Foundation, 2015). 

■ 

Figure 2.1 shows the prevalence rate of HIV/AIDS for the years 2014. The darker blue colour 

represents a high prevalence, the lighter blue colour lower prevalence and grey colour for 

countries no records. Southern Africa is severely affected HIV/ AIDS with nine countries 

having a prevalence rate greater than 10%. 
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Figure 2.2 Total number of people living with HIV/AIDS for the year 2014 (Source: Kaiser 

Family Foundation, 2015) 

Globally Sub-Saharan Africa has the highest number of people living with HIV/ AIDS 

followed by Asia and the Pacific and Eastern Europe and Central Asia as seen in Figure 2.2. 

The Caribbean, Middle East and North Africa have the least number of people living with 

HIV/AIDS. 
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Figure 2.3 Number of new infection for the year 2014 (Source: Kaiser Family 

Foundation, 2015) 

In Fi'gure 2.3 Sub-Saharan Africa has the highest number of new infections globally followed 

by Asia, the Pacific, Western and Central Europe. Numbers of new infections are least in the 

Caribbean, Middle East and North Africa. 

2.2.1. Modes of transmission 

HIV/AIDS can be transmitted through different modes and these include sexual transmission, 

parental, use of contaminated objects and mother-to-child transmission (Morison, 2001 ). 

2.2.2. Sexual transmission 

Most of the people infected by HIV/ AIDS since the pandemic began have caught the virus 

through either sexual transmission, parental or mother-to-child transmission. The most 

common mode of the epidemic transmission globally is sexual transmission (Hladik and 

McElrath, 2008; Cohen and Galvin, 2004). In females, first sexual intercourse maybe 

associated with high transmission probabilities of pandemic. In sexual transmission, receptive 
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anal intercourse has been found to be more risky than vaginal intercourse and it is the major 

form of transmission among men who have sex with men (Morison, 2001 ). 

2.2.3. Parental transmission 

Parenteral transmission is a kind occurring outside of the alimentary tract, such as in 

subcutaneous, intravenous, intramuscular, and intrastemal injections according to (Berkely, 

1991). The author posits that in Africa, heterosexual transmission has been discovered as the 

primary mode of HIV infection. However the use of large quantities of injections by health 

care personnel and traditional healers both in and out of the health care setting indicates that 

parenteral transmission could also be an influencing factor to HIV infection in the region 

(Berkely, 1991). Discoveries further reported that parenteral transmission can also occur by 

the transfusion of infected blood. 

2.2.4. Mother-to-child transmission 

It is believed the about 90% of HIV/ AIDS transmissions are through mother-to-child 

transmission. About two-thirds of the transmissions happen in utero and at delivery, while a 

third of the transmissions occur through breast-feeding. Mother-to-child transmission is 

estimated to be about 5.1 million (Morison, 2001). In Africa, countries like Botswana, 

Mozambique, Namibia, South Africa, Swaziland and Uganda have succeeded in meeting the 

worldwide plan target of bringing down mother-to-child transmission by 90% (UNAIDS 

2016). However, there are some countries that are still facing major challenges of rolling out 

effective PMTCT services. New HIV infection among children has reduced by about 40% in 

Angola, Cote d'Ivoire and Nigeria since 2009 (UNIADS, 2016). Figure 2.4 shows the 

prevention-of-mother-child progress against Global plan targets in selected priority countries 

in Africa. 
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South Africa 84 % Uganda Zambia 69% 

Cameroon 49% Angola Nigeria 21% 

Figure 2.4 Prevention progress of PMTCT in selected priority countries in Africa. Source: 

UN AIDS 2016. On the fast track to an AIDS free generation 

2.3. IDV / AIDS in Africa 

In Africa, HIV/AIDS is one of the most significant public health concerns of our time, and 

perhaps, in the history of mankind and it is one of the top causes of death (UNAIDS 2016). 

The population of people living in Africa is slightly less than 15% of the total population of 

the world and yet Africans account for nearly 70% of those who live with HIV and are dying 

of AIDS (Essex et al. , 2007). The first HIV/AIDS case in Africa is believed to have occurred 

in Kinshasa, the capital city of Congo, in 1970. The virus which was brought by a traveller 

from Cameroon to Congo by the river entered a wide urban sexual network and quickly 

spread. This marked the first heterosexually spread of HIV/AIDS epidemic in Africa (Avert, 

2014). 

HIV spread rapidly in east Africa in the 1980s and it became more destructive than in West 

Africa. The pandemic was fast-tracked by wide spread labour migration, high rate of men in 

the urban population, low status of women, absence of circumcision and sexually transmitted 

diseases. In East Africa, especially in Nairobi, 85% of the sex workers were infected by 

HIV I AIDS in 1986. Sex workers contributed immensely to the spread of the epidemic in this 

region. According to Avert (2014), the epidemic spread to western Equatorial Africa and 

western African nations in the early I 980s. Uganda was hard hit by the pandemic in the 

1980s. The virus did not cause much harm in western Equatorial countries of Gabon, Congo-
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Brazzaville and Cameroon. The western Equatorial countries were not hard hit by the 

pandemic because of long distances between the cities also there is a lot of violence and 

insecurity. The rapid spread of the epidemic was facilitated by truck drivers alongside other 

migrants such as miners, traders and soldiers who engaged with sex workers during their 

travel. As indicated earlier, Uganda was hit hard by the pandemic, hence it had 35% of its 

truck drivers and 30 % of its military personnel testing positive for HIV (Avert, 2014). 
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Figure 2.5 Number of people living with HIV/AIDS for the year 2014 (Source: Kaiser Family 

Foundation, 2015) 

Figure 2.5 shows that South Africa has the highest number of people living with HIV/AIDS 

followed by Nigeria. Botswana, Lesotho and Swaziland have the least number of people 

living with the pandemic. 
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Figure 2.6 Adult Prevalence Rate for the year 2014 (Source: Kaiser Family Foundation, 2015) 

Almost all the countries' shown in Figure 2.6 have high adult prevalence rate. Nigeria, 

Tanzania and Kenya have low adult prevalence rates. Swaziland has the highest adult 

prevalence rate followed by Botswana, Lesotho and South Africa. 
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Figure 2.7 Number of New Infections for the year 2014 (Source: Kaiser Family Foundation, 

2015) 
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In Figure 2.7 South Africa has the highest number of new HIV/AIDS infections regional 

followed by Nigeria, Botswana and Uganda. Lesotho and Swaziland have the least number of 

new HN/AIDS infections regionally. 

Figure 2.8 Number of Deaths for the year 2014 (Source: Kaiser Family Foundation, 2015) 

Figure 2.8 shows that the number of HIV/ AIDS related deaths for the year 2014 are higher in 

Nigeria and South Africa and lower in Botswana, Lesotho and Swaziland. 

In Southern African countries the virus arrived moderately late, but it had devastating effects 

on the general population. Before the end of the 1980s, the HN pandemic in the southern 

African nations of Malawi, Zambia, Zimbabwe and Botswana were nearly surpassing East 

Africa (Avert, 2014). Malawi had 980 000, Botswana 350 000, Zambia l.2million and 

Zimbabwe 1.4 million people living with HIV/ AIDS. To this day Southern African countries 

remain the most affected by the HNI AIDS epidemic. The region constitutes only about 2% of 

the world's population, yet worldwide 34% of individuals living with HN/AIDS live in these 

countries (UNAIDS 2010). 
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Figure 2.9 Statistics and facts about HIV in Africa (Adapted from: AIDS in Africa, 2013. 

Medwiser 

2 3.1. Impact ofIDV/AIDS in Africa 

The HIV/ AIDS epidemic has had a number of impacts in the Sub-Sahara region, most 

obvious impacts being sicknesses and the number of lives lost. There were about 1.6 million 

new HIV infections and 1.2 million AIDS-related deaths in 2012 (UNAIDS, 2013). The 

epidemic have impacted significantly upon the education sector, labour and productivity and 

the wider economy. Sub-Sahara Africa has scaled up its antiretroviral treatment (ART) across 

the region and this has resulted in decreased annual number of new infections by 34% since 

2001. The number of people receiving ART has increased from 56% in 2011 (UNAIDS 2012) 

to 68% in 2012 (UNAIDS 2013). 
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Poverty has been linked to the spread of HIV/ AIDS in Sub-Sahara Africa, but the association 

is very complicated and research remains unconvincing. There are 48.5% of people in sub

Saharan Africa who are surviving lower that the poverty line ($1.25 a day) (UNAIDS, 2012). 

Poverty can drive people to desert their homes in order to search for work making them 

vulnerable to exploitation especially, women who may be forced into early marriages and 

some into sex work (UNAIDS 2012). Poverty can affect people in many different ways, for 

example, the epidemic infected person can use all his/ her resources in treatment despite being 

economically unproductive due to their weak bodily condition. 

The HIV epidemic has caused extreme and extended effects upon households in sub-Saharan 

Africa. Many families have lost their principal income earners, who either have died, or are 

too sick to work. This puts an overwhelming budgetary load on families who have to pay for 

ever increasing medical costs, forcing a significant number of them into poverty. As a result, 

many families have to provide home-based care, further lessening their earning capacity and 

placing more demands on their resources (Avert, 2014). 

Hajizadeh et al. (2014) examined the socioeconomic inequalities in HIV/AIDS prevalence in 

24 countries in Sub-Saharan Africa region. Their study exhibited that the epidemic was 

intense among wealth individuals in most of SSA countries. The only nations where the 

epidemic was intense among individuals living in poorer family units are Swaziland and 

Senegal. Among the poor in the urban areas and among wealthier adults in rural areas the 

epidemic was intense in Zambia, Kenya, Uganda and Lesotho. However, the stratified 

investigation demonstrated that the epidemic was generally concentrated among wealthier 

men and women. 

Several studies conducted in sub- Saharan Africa found that there is a common relationship 

between young men and women which are associated with unsafe sexual behaviour and low 

condom use (Madlala, 2008). This increases their risk of contracting HIV/ AIDS. Sex workers 

are a group that is also at high risk of the epidemic infection in sub-Saharan Africa with an 

average prevalence rate of20% as compared to 3.9% globally (UNIADS, 2013). 

Sub- Saharan Africa's life expectancy remained stagnate at 49.5 years between 1990 and 2000 

(Joint United Nations Programme, 2013 (UNDP). In 2006, UNAIDS reported that 20 years of 
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life expectancy had been wiped off by HIV/ AID in many countries. This might have been 

generally attributed to child mortality, which is associated with an increase in the mother-to

child transmission during pregnancy (UNAIDS, 2006). The scaling up of antiretroviral 

treatment saw an increase in life expectancy by 5.5 years in the period 2000-2012. However, 

most countries have low life expectancy. In Swaziland and Lesotho life expectancy is equally 

low (48.9 years and 48.7 years) respectively. (Joint United Nations Programme, 2013 

(UNDP). 

Women and girls are becoming more vulnerable to the HIV/AIDS pandemic (Agyei- Mensah 

2005). Young women between the ages of 15-25 have been found to be at a higher risk of the 

epidemic infection than their male counterparts (Agyei- Mensah, 2005). Gender relations in 

most countries are characterised by unequal balance of power between men and women, with 

women being deprived of opportunities of going to school, training, and income generating 

activities, property and health care services. Because of these factors, women are not in 

position to protect themselves from pandemic as well as being unable to access knowledge 

about health, treatment and care (WHO, 2004). 

2.4. Factors affecting the spread 

Several factor shave been reported to contribute to the spread of HIV/AIDS in Sub-Saharan 

Africa (Hoshi, 2016). Chimoyi and Musenge (2016) carried a research to identify risk factors 

associated with HIV/AIDS among young people age 15-24 years in Uganda. The study 

employed Maximum likelihood-based logistic regression models to explore the non-spatially 

adjusted factors associated with HIV infection. The findings identified marital status, sexual 

debut, sexual transmitted infection (STI) alcohol use and condom use as predictors of the 

epidemic. Seloiwe (2005) conducted a study among University of Botswana students to 

investigate factors influencing the spread of HIV/ AIDS among University students The study 

findings revealed that alcohol, drug abuse, unprotected sex, frequent change in sexual 

partners, sex for financial gain, for prestige, for good grades and to relieve stress were factors 

contributing to the spread of the disease among the students. 

In other studies Nyindo (2005) and Kalipeni et al., 2007 identified six major drivers of 

HIV/ AIDS and these are historical context of colonialism, labour migration, gender, poverty, 
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disease burden and government attitudes.)melda and Kalipeni (2010) used sentimental data to 

examine spatial distribution of HIV/AIDS and factors that influence the pandemic in Zambia. 

Employing Ordinary Least Squares, the studJ revealed that literacy rates, unemployment, 

poverty and urban residence were risk factor of the epidemic in Zambia. 

Various social and cultural traditions are some of the key issues that have reinforced 

vulnerability to HIV in Africa (Nandoya, 2014). According to Nandoya (2014) "religion 

prescribes ethical guidelines for many aspects of daily life and also navigates belief systems 

and norms surrounding sexuality." Many religions condemn the use of condoms and support a 

submissive role for women, foster gender inequality in marital relations, and promote 

women's ignorance in sexual matters as a symbol of purity (Nandoya, 2014). Marital status, 

early marriages and multiple sex partners are some of the socio-cultural factors that influence 

the spread of HIV/ AIDS. In a study on sociocultural factors influencing the spread of 

HIV/ AIDS in Africa, Nandoya indicates that gender inequality particular on sexual matters 

increases vulnerability to HIV transmission. Women and girls are more vulnerable to the 

pandemic; they do not have power to negotiate safer sex. Early marriage significantly 

increases the chance of HIV among young girls as they engage in sexual intercourse with 

much older, experienced and HIV positive husbands. Having multiple sexual partners is 

another socio-cultural factor that increases vulnerability to HIV infection. Cultural norms 

allow multiple sexual partners for men inside and outside marriage and this expose men and 

their partner to HIV infection (Nandoya, 2014). 

2.5. mv / AIDS in Botswana 

Botswana has been severely hit by HIV/ AIDS and is experiencing one of the most serious 

HIV/AIDS epidemics in the world. In 1985 Botswana's first case of the epidemic was 

reported in Selebi-Phikwe. From that time the epidemic has multiplied rapidly with pandemic 

prevalence levels reaching 36.2% in 2001, 33.4% in 2005 and eventually reducing to 31.8% in 

2009 among pregnant women aged 15-49. The 2004 BAIS II and 2008 BAIS III indicated a 

national HIV/AIDS prevalence rate of 17. l % and 17.6% respectively. For the same period the 

prevalence rate for females and males was 20.4% and 14.2% respectively. The prevalence rate 

for 2013 BIAS IV was 18.5% which showed an increase of0.9% compared to 2008 BAIS III. 

23 



(Central Statistics Office, 2013). High prevalence rates have been noted in the northern

eastern corridor of the country and the southern parts of the country had least prevalence rates. 

The estimated prevalence for men, women and children under the age of 18 months is 19.2%, 

14.2% and 2.2% respectively. There is a slight variation in HIV/AIDS between urban and 

rural centres. In urban centres pandemic is estimated at 17.5% while rural centres it's at 15.8 

% (UNAIDS, 2015). HIV/AIDS has had a negative effect on the developmental gains that 

have been achieved by the country since its independence in 1966. These include economic 

growth, life expectancy and health care systems. In Botswana the primary mode of the 

epidemic transmission is heterosexual intercourse. The majority of young people in Botswana 

engage in sexual activities before marriage. Young women and the military are at a higher risk 

of HIV/ AIDS infection as compared to other sectors of the population (Molatole and Thaga, 

2006). 

In spite of Botswana being seriously hit by HIV/ AIDS, it was the first nation in sub-Saharan 

Africa to give free antiretroviral treatment to people living with HIV/ AIDS. A few activities 

have been instituted by the Botswana government to attempt and battle the illness. In 1986 the 

purported Minimum Program was set up by the government under the study of disease 

transmission unit of the Ministry of Health. In 1987 a transient arrangement was produced to 

concentrate on developing national open attention to HIV. Around the same time the National 

AIDS Control Program was launched and it was aimed at creating short term medical 

responses. 

The short-term plan was then trailed by the Medium Term Plan (MTP) for the Prevention and 

Control of HIV/AIDS from 1989 to 1993. The MTP gave approach and vital rules to activity 

since the origin of the National Aids Control Program. The MTP sketched out the role of the 

health sector and the Ministry of Health, with the support and help of different sectors and 

non-governmental organisations (NGOs) for HIV/AIDS counteractive action care and 

support. The second Medium Term Plan (MTPII) was along these lines received in 1997 to 

venture up endeavours in the battle against the pandemic. Its two fundamental objectives were 

to lessen HIV disease and transmission, and also to diminish the effect of HIV and AIDS at all 

levels of society in the nation. In 1998 Botswana was he first nation in Africa to give 

therapeutic prevention of mother-to-child transmission of HIV/AIDS. In 2002 the 
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administration made a stride further and set up a HIV/ AIDS National Strategic Framework 

(Avert, 2014). 

Several HIV/ AIDS prevention programmes have been rolled out since 1988. Some of these 

are the award winning teacher- capacity building programme which was aimed at improving 

the teacher's knowledge of HIV/AIDS and to reduce stigma surrounding the disease. Primary 

and secondary school were furnished with a television, video recorder, different resources and 

interactive HIV/AIDS education programme. 

Mass media was utilised for the prevention of HIV/AIDS, particularly radio and television. 

The radio runs a drama called Mkgabaneng which has subjects that are connected to 

HIV/ AIDS pandemic inside Botswana. It addresses issues such as HIV/ AIDS treatment, 

loyalty, cultural traditions and facilities that are available (Avert, 2014). One of most 

effectively implemented HIV/AIDS programmes within Botswana's HIV/AIDS response is 

the prevention of mother-to-child transmission (PMTCT). Of the 11 000 pregnant women 

living with HIV/AIDS, 10648 (>95%) are on antiretroviral treatment. The PMTCT 

programme has reduced the mother-to-child transmissions rate to 2.49 % (Avert, 2014). 

Another very successful programme launched for HIV/ AIDS prevention intervention in 2002 

in Botswana was the Masa treatment programme. Masa is a Setswana word meaning "new 

dawn," heralds the rising of a dawn over Botswana's struggle against the HIV/AIDS epidemic 

and promises Batswana the opportunity to live longer and healthier lives by giving people 

living with HIV/AIDS more time to nurture their families and to help build a better future for 

Botswana(Farahani et al. , 2014). The programme is widespread and it freely makes 

antiretroviral treatment accessible to all eligible citizens Farahani et al., 2014). In 2013 an 

estimated total of 213 953 adults living with HIV/ AIDS were receiving antiretroviral therapy. 

The coverage of children living with the diseases also increased to 84 % (Avert 2014: 

Farahani et al. , 2014). 

2.5.1. Challenges 

After making impressive HIV/ AIDS response, Botswana is facing financial challenges to 

maintain its response. The success of Botswana's intervention programme was because of 
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donor funding. However, many donors have either withdrawn or reduced their funding 

because Botswana is an upper- middle country. President's Emergency plan for AIDS Relief 

(PEPF AR) has reduced its funding by 30 million US dollars between 2009 and 2012, while 

Centre for Disease control (CDC) and African Comprehensive HIV/AIDS Partnerships 

(ACHAP) have withdrawn their financial funding for safe circumcision. The Gates 

Foundation withdrew its funding as well in 2013. _The withdrawal of funding had negative 

implications on Botswana' s national prevention and treatment programmes. The financial 

withdrawal has resulted in shortage of human resources (Avert, 2014). 

2.5.2. Key affected populations in Botswana 

There are a number of population sectors that are severely hit by HIV/AIDS pandemic in 

Botswana. Among these sectors are female sex workers (FSW) and men who have sex with 

men (MSM) who were for the first time included in the HIV/AIDS epidemic surveys in 2012 

(Ministry of Health report, 2014). FSW in Botswana have a prevalence of 61.9 %( Avert 

2014). FSW's vulnerability is increased as they regularly work in high risk situations where 

conditions change depending on the customer (UNAIDS, 2014). According to Merrigan, et 

al., 2015, FSW can be paid more money for not using protection or at times are forced not to 

use protection by their clients, thus increasing their vulnerability to epidemic infections. 

2.5.3. Determinants of mv / AIDS in Botswana 

There are several factors that tend to drive the spread of HIV/ AIDS infection in Botswana. In 

this section socio- economic determinant, denial and stigma, socio-cultural determinants and 

mobility are discussed. 

2.5.3.1 Socio-cultural determinants 

Culture plays an important part in deciding the level of health of an individual, the family and 

the community. In Africa, the values of extended family and community significantly 

contribute to the behaviour of an individual (Airhihenbuwa and Webster, 2004). The position 

of women in the society, their limited power to negotiate issues of sex and less economic 

empowerment makes them vulnerable to HIV/ AIDS infection. Most girls who engage in 
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relationships with older men are ignorant and submissive, hence they are unable to discuss for 

safe sex (Letamo, 2003). Generally, women whether young or old, married or unmarried have 

no say over sex; men determine how they want sex. If a woman brings condoms at home, she 

is regarded as a prostitute. 

2.5.3.2 Socio- economic determinants 

HIV/ AIDS generally affects the working age-group in most developing countries and is not 

just a medical issue but it is additional a socio-economic setback (Matshe and Pimhidzai, 

2008). Economic hardship has resulted in poverty and lack of economic opportunities which 

has led young and single women to engage in unprotected sex in exchange for money and 

other basic services. This has led to increase the spread of the epidemic in the society. These 

economic hardships in rural areas have pushed young women to urban areas in search of 

employment, where they indulge in sex work for them to survive. Wealth and consumption 

patterns have been identified as contributors of the epidemic. People with high income exploit 

those with low income and exert unfair advantage in exchange of sex (Molatole and Thaga, 

2006). 

2.5.3.3 Regional trade transit point 

As indicated earlier, Botswana is a landlocked nation with reasonably well-established 

transport structure. It is a transport centre for South Africa, Namibia, Zimbabwe and Zambia. 

These countries have high HIV/AIDS pandemic in Southern Africa (Molatole and Thaga, 

2006). Botswana being a transit hub, there is a high number of people travelling from these 

neighbouring countries through it. The transit of people through these areas create a sexual 

network of partners which in tum contributes to higher rates of pandemic infection in 

communities along these routes. 

Research has attributed the increase of HIV/ AIDS along the main trucking routes to truck 

drivers. Truck drivers' chance of spreading pandemic is high as they spend most of their time 

away from their families, and have several sexual partners along their routes. Informal 

mobility within Botswana also plays a major part in the spread of the epidemic as people 

move in search for better economic opportunities. This is encouraged by rotation of civil 
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servants and the traditional land tenure. They spend more time away from their families and 

this can lead them to be involved in unprotected sex. 

2.5.3.4 Stigma 

Stigma is defined as an imaginary fear of societal attitudes and potential discrimination 

arising from a particular objectionable attribute disease (Letamo, 2003). Nyblade et al. (2001) 

in their study in Botswana and Zambia revealed that stigma against people living with 

HIV/ AIDS prevented them from participating in prevention programmes like counselling and 

testing programmes to prevent mother-to-child transmission. There are several reasons why 

people living with the epidemic are stigmatised. According to Letamo (2003), people living 

HIV/ AIDS are stigmatised because their illness is: 

i) Associated with distorted conduct; 

ii) Perceived as act of an irresponsible person; 

iii) Not well understood by the community and is negatively viewed by health and 

care givers; and 

iv) Viewed as contracted via an immorally behaviour. 

In his study to examine the factors influencing stigma and discrimination in Botswana, 

Letamo (2003) found that HIV/AIDS related stigma and discrimination is widespread. The 

pandemic on the on-set was a disease that was found in homosexuals, injection drug users and 

commercial sex workers and these groups were already socially marginalised. Therefore, 

people living with the epidemic are stigmatised irrespective of how they contracted the 

disease which has resulted in them being harassed, rejected and exposed to violence. A lot of 

effort and different measures have been put in place to educate the public on the epidemic. 

Regardless of this, stigma and discrimination are still extremely remarkable obstacles m 

preventing the pandemic (Letamo, 2003; Molatole and Thaga, 2006). 

2.6. Use of GIS in Health Research 

Geographic Information Systems (GIS) is largely a computer software that permits the user to 

stack or layer several fragments of information for a specific geographic region. All kinds of 

spatially referenced land data can be stored and manipulated in computer based systems. A 
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GIS is designed to collect, keep, examine and save data in a structured form. GIS is a 

technology customarily utilised for resource development and management and it might be 

very helpful working with data that has spatial attributes. For an overview on HIV/AIDS, GIS 

and the resultant spatial speculation might be greatly suitable. It can be used to evaluate and 

interpret the HIV/AIDS epidemic in specific regions and gives the capacity to view spatial 

associations between information layers that may not be apparent when databases and maps 

are visually compared. Consequently GIS permits you to maintain and compare spatial 

attribute in datasets (National geographic society, 2011). 

In developing countries, (GIS) for health surveillance data are not well established as 

compared to developed countries (K.andwal et al., 2009). The use of GIS technology in HIV 

sero-prevalence research is very limited in Africa. This is partly because of the inadequate 

means of collecting and monitoring data coupled with limited technological resources 

(K.alipeni and Zulu, 2008). 

However despite its limited use in developing countries, GIS plays a crucial role in 

confirmatory or exploratory analysis and in the investigation of disease patterns to determine 

the existence of clusters. Its advancement in the past two decades has empowered researchers 

in geography and other related disciplines to oversee and investigate a considerable measure 

of spatially referenced information to assess spatial procedures and designs and to show the 

after effects of such examinations. Answers to inquiries that worry public health and policy 

makers can, therefore, be replied by the utilization of spatial clustering procedures 

(Jongsthapongpanth and Bagchi-Sen, 2010). GIS further helps us to find HIV/AIDS 

prevalence rates at community level and aids with identifying underserved populations. 

Additionally it assists state funded organizations to effectively dispense scarce prevention 

resources to appropriate locations, aid in recognizing at-risk populations and furthermore to 

determine where to concentrate efforts to prevent HIV/AIDS (K.andala et al., 2012). 

The success of GIS has been seen in its application in many areas of population health. It has 

also been successfully applied in the surveillance and monitoring of vector-borne diseases, in 

quantifying lead hazards in a neighbourhood (Hanchette, 1999), in predicting child pedestrian 

injuries (LaScala et al., 2004) and in analysing disease policy and planning (Riner et al., 

2004). Geographic mapping could give new understanding into communicable-disease. This 
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was exhibited by Snow (1855) in his study that mapped cholera deaths in relation to London's 

water pumps. The exercise did not only track the source of outbreak of cholera ,but it also 

convinced authorities to take action against the disease and demonstrated to future 

epidemiologists the value of maps as both research and a communication tools -etiology and 

intervention, helping disease control efforts (Snow, 1855). 

GIS technology was used to ascertain if existing sexually transmitted infections or AIDS 

prevention programs were suitably placed for intervention in Cape Town, South Africa. The 

study also used GIS for identifying where individuals with high rates of new partner 

acquisition could find prevention programs (Weir et al., 2002). In attempting to estimate 

morbidity and mortality, GIS was used to generate malaria models that show its occurrence 

according to seasonal patterns and the intensity of the disease transmission (Tanser and Le 

Sueur, 2002). Tanser et al. (2000) used GIS to assess heterogeneity of HIV/AIDS prevalence 

among pregnant women whose homesteads are close to the road in the Hlabisa health district 

of South Africa. The study showed that there is a correlation between HIV/ AIDS prevalence 

and proximity to a primary or secondary road. 

In East Africa Ferguson and Morris (2007) used GIS to track the transactional sex trade and 

truckers along the major highways. GIS has been used to model the utilization of health 

services with a view to increase the effectiveness of malaria treatment coverage in Kenya 

(Noor et al., 2003). Geographic information systems have also been used to approximate and 

examine the spatial distribution of more infectious diseases, including TB in the United States 

(Moonan et al., 2004). Another study which used GIS estimated local-level HIV prevalence 

rates using data obtained from antenatal care providers, and the results showed that there is 

association between HIV prevalence and proximity of local households to a primary or 

secondary road (Tanser et al., 2000). Econometric procedures were applied to approximate the 

spatial correlation of HIV infection across international boundaries (Mccoskey, 2003). 

GIS and HIV sentinel data for pregnant women attending ANCs in Zambia were used by 

Moise and Kalipeni (2010) to analyse spatiotemporal patterns of HIV prevalence from 1994 

to 2004. Spatial statistical regression modelling was used on health-related data to identify 

possible drivers for HIV prevalence for the year 2004 at district level. They identified possible 

drivers of HIV prevalence for 2004 at the district scale, where health-related data are reported 
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and planning and decision making were done using spatial statistical regression modelling. 

Most studies on HIV/AIDS epidemic have been seen to concentrate on the biomedical aspect 

of the disease instead of focusing on how to better approximate the magnitude of the disease 

geographically (Moise and Kalipeni, 20 l 0). 

GIS has been used in many public health associated areas such as infectious disease control, 

environment health research, planning and operations, nutrition and physical activity, child 

and youth health, health promotion, chronic disease prevention, alcohol and other drug 

services, injury, mental health, vector control, and public health service planning (Queensland 

Health, 2005). In communicable disease control, Glass (2000) combined GIS and 

epidemiologic techniques to identify and uncover environmental risk factors associated with 

Lyme disease in Baltimore County, Maryland. 

The etiology of asthma prevalence and residential exposure to air pollution was examined 

using GIS at a major US-Canada border (Oyana et al., 2004). GIS was used to explain the 

pollution of drinking water using nitrate, arsenic and chloride in Thessaloniki, Northern 

Greece (Fytianos and Christophoridis, 2004). GIS was utilised to analyse hot-spot areas and 

potential pollutant sources in an urban community in Hong Kong. (Li et al., 2004). The exact 

locations of supermarkets in a mid-sized Canadian city in 1961 and 2005 were mapped 

utilising GIS (Kristian and Jason, 2005). 

The United States National Cancer Institute (NCI) utilized GIS to create geographic patterns 

for cancer information that had been accessible in tabular form for a considerable length of 

time. The NCI's inventive work contributed essentially to understanding regional contrasts in 

rates of lung and oral cancers. In this manner, NCI has made broad utilization of GIS for 

spatial investigation and perception of information and in addition database improvement. In 

this study, GIS was utilized to compute distances between residences and hazardous waste 

sites (HWS) containing pesticides. The study found an expanded breast cancer hazard for 

ladies living inside one mile of HWS containing organochlorin pesticides (O'Leary et al., 

2004). Additionally the survival rates for women diagnosed with breast cancer between 1992 

and 1994 were examined using GIS. 

31 



GIS has some advantages over other conventional methods in handling spatial data, database 

management and data analysis, hence its adoption in planning, investigating and estimation of 

HIV/ AIDS incidence patterns. Studies have shown that GIS is a powerful tool not only in 

analysing disease problems, but in a variety of situations from soil contamination, assessment 

of potential pollutant sources in an urban community to locations of industrial buildings, 

buildings and landscapes. 

2. 7. Limitations of Geographic Information System 

Despite the many advantages of using GIS, there are also some limitations. The limitations 

can be grouped into four classes: 

2. 7 .1 Problems to do with the GIS data model 

In most cases data will be archival GIS data or historical and this data may not be accurate 

(Sipe and Dale.2003). They are likely to be numerous errors in the capturing of data and the 

accuracy of the original source will be lost when the data are captured. For example when a 

feature is represented by a crude, hand-drawn, thick line on a map its accuracy maybe 

questioned. In the GIS it will simply appear as a digital line like any other. Less obvious, but 

at least as important, is the scale of the source map: a map is only ever accurate within the 

limitations of its scale (Gregory, 2003). Data taken from maps can be zoomed or integrated 

using different scales in a GIS. However this demand more from the data than the original 

map or maps were designed to accommodate and may lead to inaccuracy, error and 

misunderstanding (Sipe and Dale, 2003). Although historians will be familiar with issues 

associated with the accuracy of transcriptions, GIS is particularly demanding of the accuracy 

of its source data (Gregory, 2003). 

2. 7 .2 Problems to do with data itself 

There are four types of graphic primitive spatial data, namely; points, lines, polygons or pixels 

(Gregory, 2003). GIS is more effective when data is defined into locations that are 

realistically and present the feature to be modelled. That is, if data is not represented in one of 

the graphic primitive form mentioned above, it cannot be represented. For example, GIS is 
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well suited to modelling hospitals and census districts, but is not well suited to representing 

the catchment areas for the hospitals where these are poorly defined and overlap heavily with 

surrounding catchments. 

2.7.3 Problems with academic paradigm 

Its role in academic geography has yet to be fully established, and history trails some way 

behind this. Through the 1990s there was considerable debate in geography about whether 

GIS offered a cohesive, scientific framework that could re-unite the subject, or whether it was 

a return to a naively positivist agenda (Gregory, 2003). From the historian's point of view, 

GIS offers new tools, new techniques and new approaches. These approaches must be used 

critically and should complement traditional ideas, approaches and concerns. 

2.7.4 Practical problems 

GIS software is expensive and maybe difficult to use. Also, its hardware is still expensive and 

the data is also expensive to buy and use. GIS data are often financially expensive to buy and 

capturing them yourself is costly in time as well as money. People with GIS training are often 

very employable and thus expensive. As a result, entering into GIS is often more costly than 

originally anticipated and should be done with care (Gregory, 2003: Sepi and Dale 2003). 

2.8. Spatial Analysis 

There is now an increasing body of literature on spatial analysis of health system and 

outcomes in developing countries (Adebayo, et al. , 2004; Balk, et al., 2004; Kandala, 2006; 

Kazembe and Namangale, 2007; Gemperli et al. 2004; Gemperli and Vounatsou, 2003). 

Spatial analysis is used to detect health related issues and to distinguish clusters of high or low 

disease prevalence (Waller and Gotway, 2004). 
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2.8.1. Types of spatial statistics 

Spatial statistics are divided into two categories, global and local spatial statistics (Anselin, 

1995). Global spatial statistics summarises the spatial autocorrelation over the entire region 

of the study area, while local spatial statistics are used to find cluster at local level. The most 

common spatial statistics are global Moran's I, Getis-Ord General G and Geary 'C. They are 

used as spatial indicators of spatial patterns of diseases by incorporating the location of the 

case and the number of cases (Moran, 1948; Moise et al., 2015). These statistics help to 

identify clustered or dispersed patterns in a particular study area. 

The most common tests for local spatial autocorrelation are Getis-Ord Gi* (Hot spot analysis), 

Anselin LISA and the Kulldorff's Scan statistics. These are used to detect disease hotspots by 

measuring whether disease incidences are geographically clustered and distinguish between 

clusters of high value and low value. Local spatial statistical test are essential for health 

studies as they reveal spatial dependency in some localities (Dean et al., 2005: Moise et al., 

2015: Jeefoo, 2012). The important purpose of detecting spatial patterns is that geographic 

size and shape of clusters, locations of spatial outliers and boundary shapes are identified 

through the use of spatial statistics (Fotheringham, et al., 2002). 

2.9. Literature on Spatial Analysis 

The ever growing spatial insight and databases from demographic, political, environmental, 

ecological, topographical, hydrological, climatic, land-use, public infrastructure, 

transportation, health infrastructure, and epidemiological sectors have greatly impacted the 

health arena (Boulos, 2004). In Africa, only a few studies have utilized geospatial analytical 

techniques in the identification of spatial clusters of high incidence or prevalence. The uses of 

geospatial analysis of disease have been underutilized in investigating the incidence and 

spread of HIV/ AIDS in Botswana. 

Ramjee and Wand (2014) investigated three types of STis among sexually active using SaT

Scan in Durban, South Africa. Their study revealed that STI occurrence and prevalence was 

grouped in localized locations which intersected with areas of high HIV prevalence. Spatial 

patterns of HIV disease among women in Kwa-Zulu Natal province, South Africa, were 
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examined by utilization of geo-additive models. These methods identified important spatial 

patterns that could not be represented for by standard regression procedures (Wand et al., 

2014). 

A study by Tanser et al. (2009) on localized spatial clustering of HIV infections in widely 

disseminated rural South African epidemic in Kwa-Zulu Natal, using Kulldorff spatial scan 

statistic revealed that HIV cases are intense in urban township and high density settlements 

close to the national road. The study demonstrated that high-density settlements in the south

east of the study area close to the National Road have the most noteworthy HIV prevalence 

(>35%), whilst the unreachable rural areas close to the western boundary have the least HIV 

prevalence (<10%). Hixson et al. (2011) also studied the spatial clustering if HIV prevalence 

in Atlanta, Georgia and population characteristics associated with case concentrations using 

Kulldorff spatial scan statistic. Their study revealed that HIV epidemic is concentrated in one 

large cluster which is centralized in downtown Atlanta and this cluster is characterized by 

poverty, men who have sex with other men (MSM) and IV drug use. 

Exploratory spatial data analytical (ESDA) techniques revealed a significant cluster of 

localized HIV/AIDS in a study conducted by Djukpen (2012) to determine variation of 

HIV/ AIDS in Nigeria. The results showed different epicentres for HIV/ AIDS prevalence rates 

and the spatial clustering maps. In Nigeria significant spatial clusters of HIV/ AIDS were 

discovered by the utilization of Global and Local Moran's I, and Getis and Ord a•. Fulchera 

and Kaukinen (2005) also used exploratory spatial data analytical (ESDA) techniques for 

mapping and visualizing the location of HIV service providers in Toronto. Their findings 

found a significant clustering of some types of HIV-related services (such as emergency and 

preventive services), while other services such as medical and end-of-life services are more 

evenly distributed across Toronto. The identification of HIV infection clusters improved the 

understanding of HIV infection determinants and geographic patterns. This also contributed to 

improved allocation of public resources in the Democratic Republic of Congo (Messina et al., 

2010). 

A number of studies have shown that spatial analyses such as cluster analyses, autocorrelation 

and kriging are important in understanding disease risks, transmission dynamic, control and 

surveillance. This has been illustrated by Ruiz et al. (2002) who studied the West Nile virus in 
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Chicago, on bivariate mapping of Lyme disease in the United States, Kitron et al. (2006) on 

the spatial epidemiology of schistomiasis in Kenya and Glavanakov et al. (2001) on Lyme 

disease in New York State. Ruiz et al, (2004) investigated effects of environment and socio

political factors on the uneven distribution of the 2001 West Nile virus (WNV) outbreak in 

the Chicago metropolitan area. Their study used logistic regression equations, but clearly dealt 

with issues of autocorrelation. A local Moran's I measure of spatial autocorrelation, known as 

the Local Indicator of Spatial Association (LISA), was utilised to differentiate clusters of 

cases, or "hot spots," from cases that happen outside the focal areas. The results showed two 

most remarkable areas with elevated concentration of human cases are in the north part of the 

study area near the cities of Skokie and Evanston and in the south, around Oak Lawn and 

Evergreen Park. 

Moise and Kalipeni (2010) in their study on the spatial investigation of HIV/AIDS prevalence 

in Zambia used inverse distance weighted interpolation (IDW). IDW was utilized to spatially 

interpolate HIV surveillance data into continuous smooth maps based on the 4- year district 

level HIV prevalence data. The study also used Moran's I statistics to identify specific 

observation or districts that exhibit spatial autocorrelation with their neighbours. The results 

reveal that urban areas have higher prevalence than rural areas and the Moran' s I statistic 

indicate that districts that share the same border are more similar with respect to HIV 

prevalence. Messina et al. (2010) conducted a study on spatial and socio- behavioural patterns 

In the Democratic Republic of Congo a study on socio-behavioural and spatial patterns of 

HIV/ AIDS was conducted using Poison- based spatial scan and inverse distance weighting to 

detect communities with higher HIV prevalence and to visualize the spatial patterns of HIV 

prevalence. 

Chimoyi and Musenge (2014) studied spatial investigation of factors correlated with HIV 

infection among young individuals in Uganda using Poison - based spatial scan statistics to 

detect clusters. The authors additionally utilized spatial binomial logistic regression via 

Bayesian estimation based on Markov chain Monte Carlo (MCMC) simulation to adjust for 

spatial and non-spatial random effects. Their study revealed that marital status, age at sexual 

debut, STis, alcohol use and condom use were significant predictors of HIV/ AIDS infection 

among persons aged 15-24 years in Uganda. 
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Bayesian geo-additive mixed model based on Markov Chain Monte Carlo methods were used 

in the study to examine the geography of HNI AIDS in 26 districts of Botswana. The study 

revealed that HN is varied with the highest prevalence recorded in Selebi-Phikwe and North

East (41.6%) followed by Tutume (41.1%), Bobirwa (39.6%) and Chobe (39.3%). has the 

lowest HN prevalence rate of 16. l % (Kandala et al., 2012). In another study, Kandala (2006) 

used Bayesian geo-additive logistic model to examine the spatial clustering of diarrhea and 

fever morbidity in Malawi. The researchers were able to identify a distinct pattern of 

childhood morbidity per district for both diarrhea and malaria. Geo-additive Bayesian semi

parametric models were used to investigate the effect of geographic factors and other critical 

risk factors on diarrhea, cough and fever in Nigeria (Kandala et al., 2007). 

The northern and eastern states had elevated prevalence rate of childhood diarrhea, cough and 

fever while the western and southern states had lower prevalence rates. The study further 

revealed that children from poor household and those with educated mothers had a lower 

association with diarrhea. There was lower association with fever for children whose mothers 

received prenatal care and gave birth in hospitals. (Kandala, 2006). Most researchers have 

used Moran's Index and G- statistics to assess the presence and nature of HNI AIDS spatial 

autocorrelation and to detect the spatial patterns (Hsueh et al., 2012; Zulu et al., 2014; Moise 

and Kalipeni, 2010; Obidoa and Cromely, 2012). 

To analyze the spatial distribution of malaria problem in Ethiopia, Ayele et al. (2012 used a 

generalized linear model with spatial covariates. Their study provided evidence of spatial 

distribution of geographic risk factors, demographic and socio-economic in malaria incidence. 

They also observed that it was riskier to live in the Southern Nations Nationalities and 

People's (SNNP) region than to live in the Amhara and Oromiya regions. 

2.10. Spatial-Temporal analysis 

There has been considerable previous academic research on spatial distribution of HN using 

different methods in different parts of the world, but not so in Botswana. Geographical 

research on the spatial patterns of the HNI AIDS disease have been focused mainly on 

identifying its geographical pattern, spatial-temporal inclination and its agents of diffusion. 
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This section presents studies that looked at spatial-temporal, diffusion spread of HIV/ AIDS 

and geographical pattern using different methods. 

Studies carried out by researchers on the spatial- temporal spread of HIV/ AIDS indicate that 

HIV/AIDS diffuses hierarchically and contagiously. Obidoa and Comely (2012), who worked 

on the spatial-temporal diffusion of HIV in Kenya from 1986-1993 point out that the epidemic 

spread hierarchically from Nairobi, the capital city of Kenya, to Mombasa the second largest 

city and then to Kisumu. They noted that the epidemic subsequently spreads both 

hierarchically and contagiously as it progressed. Hierarchical diffusion is the spread of a 

thought from people or nodes of authority or power to different people or place. The pattern or 

idea starts in a major city, then the other cities follow a while after. This kind of diffusion 

usually begins in a populated area and gradually diffuses to less and less populated areas. 

Contagious diffusion is the rapid, widespread diffusion of a characteristic throughout the 

population. It begins with one individual or place and it continuous spreading until it is 

worldwide. Ideas that spread through infectious diffusion start in a populated area, then other 

cities adopt the idea and they keep spreading from there. 

Gould (1993) (cited in Obidoa and Comely, 2012) reports that local diffusion follows a linear 

pattern in which transportation routes and infrastructures aiding population morbidity play 

very crucial role in the spread of the diseases. Air, roads, rail and water transport present 

varying risks for the spread of HIV/ AIDS from one geographic location to another. The 

movement of large numbers of people along transport networks promotes the spread of 

HIV/ AIDS from high intensity areas to low HIV/ AIDS intensity areas. A study conducted in 

Malawi analysing spatial clustering and the spatial- temporal nature and trends of HIV/AIDS 

prevalence has identified spatial-temporal trends in HIV prevalence at several scales (national, 

regional, district and sub-district) using spatial analysis (Zulu et al., 2014). 

Lam et al. (1996) in their study of spatial-temporal spread of the AIDS epidemic from 1982 -

1990 in four regions of the United States concluded that aids diffusion was hierarchical in the 

early years and contagious in the later years in Florida. AIDS diffuses from urban areas where 

a high number of people are at risk of contracting it to small towns or market towns along 

main highways, then to villages housing people commuting to towns or cities. 
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The above studies have mainly focused on the spatial-temporal trends of HIV/AIDS and some 

varying reasons for its spread in general. The current study focuses on applying different 

spatial procedures to investigate the spatial distribution of HIV infection in Botswana and to 

compare the results from these methods. The study also identifies the risk factors that are 

associated with unequal distribution of HIV/ AIDS for each district using logistic regression. 

Statistical significant risk factors in the model are tested using the Wald and the log likelihood 

tests and the odds ratio (OR) was utilized to interpret the importance of the different risk 

factors. 

Ayele et al. (2012) studied the spatial distribution of malaria problem in three regions in 

Ethiopia using generalised linear mixed model with covariance structure. The results of this 

study gave proof on the spatial distribution of socio-economic, demographic and geographical 

risk factors in the occurrence of malaria. A study conducted in Uganda among young people 

to analyse factors associated with HIV infection revealed that high-risk sexual behaviour and 

HIV/AIDS prevalence are associated (Chimoyi and Musenge, 2014). Additionally the study 

identified age at sexual debut, condom use, marital status, STI and alcohol as the major 

predictors of HIV/AIDS infection among persons aged 15-24 years. 

A study by Westercamp et al. (2010) on the spatial distribution of sexually transmitted 

infections (STI) and sexual behaviour among the 18-24 year old sexually active men using 

cluster analysis in Kenya revealed that sexual risk behaviours and STis are evenly distributed 

throughout the Kisumu district. However, the study revealed high and low rate geographical 

cluster of men who used condoms less frequently. There are linkages between disease 

prevalence and risk injection behaviours as indicated by a study carried out by Kozlov et al. 

(2006) on HIV prevalence among injection drug users (IDU) in St Petersburg. The spatial 

analysis also identified where resources might be allocated geographically for maximum 

impact in slowing the HIV epidemic among IDU. 

The geographical distribution of HIV-positive patients in Yunnan province was analysed 

using trend surface analysis and spatial autocorrelation (Peng et al., 2011). The studies 

revealed that most severe high case load of HIV were in the central-west region of the 

province. A negative association was revealed in nearby counties in Kunming and counties 

with similar high-burden were close to each other. A study to explore spatial autocorrelation 
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of HIV/AIDS epidemic in Chongqing using Moran I and Getis-Ord (Gi•) revealed that the 

distribution of HIV/AIDS was clustered at the county level with different directional 

distribution across China from 2003 -2009 (Zhi-Hang et al., 2011). 

Several studies have used inverse distance weighting, kriging and nearest neighbour 

interpolation techniques to analyse spatial distribution and spatiotemporal patterns. Zulu et al. 

(2014) conducted a study to examine spatial temporal trends in HIV prevalence, to identify 

and to map the spatial variation/ clustering of factors associated with HIV prevalence at 

district level for the year 2010. In their study, they used Inverse Distance Weighted (IDW) in 

Arch GIS to produce smooth surfaces of HIV prevalence for visualization for the (1994, 1996, 

1999, 2001, 2003, 2005, 2007 and 2010) and Moran I to test for spatial dependence. Getis

Ord was utilised to identify outliers or the location of clusters and to classify them into either 

hotspots or cold spots. 

Spatial interpolation method uncovered wide spatial variation in HIV prevalence at regional, 

urban/rural, district and sub-district levels. However, prevalence was spatially levelling out 

within and across 'sub-epidemics' while reducing significantly after 1999. Joshua et al. 

(2014) in their study on spatial modelling of HIV prevalence among the clients of female sex 

workers in Tamil Nadu, south India used multivariate logistic regression model to predict the 

probability for positive cases of HIV among the clients of FSWs. The inverse distance 

weighting method (IDW) was used in the GIS methodology to aggregate predict HIV 

probability (prevalence) to cluster/polygon level. 

Numerous studies have been conducted on the patterns of diffusion of HIV in Sub-Saharan 

Africa. Studies have revealed that HIV spreads hierarchically from urban centres to small 

towns then to villages. The studies have also indicated that communities living near major 

roads are at high risk of contracting HIV. Studies have identified numerous risk factors 

associated with HIV infection among women, sexually active men, the failure to use condoms 

and many more. Very little work on spatial patterns and diffusion of HIV problem in 

Botswana has been done. The study by Kandala et al. (2012) is the only significant study of 

the geography of HIV/ AIDS prevalence rates in Botswana. However the study only analysed 

the spatial patterns, but did not provide any understanding as to why some have districts have 

high prevalence and others low prevalence. 
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The present study differs from precious studies in that it does not only focus on the evaluation 

of spatial distribution of HIV/ AIDS using a single procedure, but it applies several methods 

(inverse distance weighting (IDW), kriging and natural neighbour interpolation). The study 

compares these methods to try to find a robust procedure for spatial distribution of HIV/ AIDS 

in Botswana. It also goes on to identify socio-economic, geographical, demographic, and 

behavioural risk factors associated with the unequal distribution of HIV/ AIDS prevalence per 

district. Furthermore, the findings from this study will help the government of Botswana in 

making informed decision in policy formulation to avoid a one-size-fits all intervention 

strategy which may not be viable in a setting with variation in epidemiological and socio

geographical setting. 

2.11. Interpolation Methods 

Many disciplines have applied spatial interpolation methods and the most famous are from the 

environment sciences (Zhou et al. , 2007; Siljeg et al., 2015). The performance of spatial 

interpolation studies have been compared in many comprehensive published studies by many 

authors (Zhou et al. , 2007; Li and Heap, 2008; Heritage et al., 2009; Guarneri and Weih Jr., 

2012; Tan and Xiao, 2014; Siljeg et al. , 2015). Among the existing spatial interpolation 

methods, some studies have shown that geo-statistical techniques perform better (Li and 

Heap, 2008). There has been a number of studies carried out on the accuracy of spatial 

interpolation methods especially in digital elevation models (DEMs), but there is still a need 

to evaluate the performance of these techniques (Zhi-Hang et al., 2011; Siljeg et al., 2015). 

According to Li and Heap (2008): Tan and Xiao (2014) and Siljeg et al. (2015), performance 

of these spatial interpolators need to be investigated as there are consistent findings about 

their performance. 

Several researchers have compared different interpolation techniques (Luo et al. , 2008; Yao et 

al., 2013; Wong et al., 2004; Chai et al. , 2011; Borges et al., 2016; Ye et al. , 2014; Murphy et 

al. , 2009; Yasrebi et al. , 2009; Azpurua and Ramos, 2010; Mair and Fare, 2011). In their 

study Yasrebi et al. (2009) compared ordinary kriging (OK) and inverse distance weighting 

(IDW) interpolation methods to predict spatial variability of some chemical parameters. In 

their study they used powers of 1-5 to interpolate data using OK and IDW and they found that 
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spatial dependence varied within soil parameters. They also compared the results obtained 

from the two applied interpolation methods using mean error (ME), mean absolute error 

(MAE) and root mean square error (RMSE). The spatial distribution of soil chemical 

properties was predicted and mapped most suitably by the ordinary kriging interpolation 

technique .. 

Azpurua and Ramos (2010) compared spline, inverse distance weighting (IDW) and kriging 

interpolation techniques in the estimation of average electromagnetic field magnitude. Their 

aim was to determine the method which creates the best representation of reality for measured 

electric field intensity. Mean square error (MSE) which measures the average of the squares 

of the errors and what is estimated and mean absolute error (MAE) is quantity used to 

measure how close predictions are to the eventual outcome were calculated to determine how 

best interpolated maps represent the observed data were calculated to determine how best 

interpolated maps represent the observed data. Of the three interpolation methods used, IDW 

was the one that best estimated the measurement results of the electric field average 

magnitude. The study used 10% of the total number of measurement (20 points) and for IDW 

only 2 points were outside the acceptance region while for kriging and spline 11 and 15 points 

were outside the acceptance region. In a study to compare rainfall interpolation methods in a 

mountainous region of a tropical island, Mair and Fare (2011) used traditional methods and 

geo-statistical methods in the analysis. They compared Thiessen polygon, IDW and regression 

with ordinary kriging and simple kriging with varying local means (skim). The results showed 

the ordinary kriging outperformed the traditional methods including the simple kriging with 

varying local means. 

Ansari and Kale (2014) discussed different interpolation techniques for crime analysis using 

GIS. They discussed spatial analysis (kernel density estimation), interpolation methods 

(inverse distance weighting, kriging, spline and natural neighbour) and mapping cluster 

(cluster and outlier analysis [Anselin local Moran's I]) and hot spot analysis (Getis-Ord (Gt). 

In their study they described how the concept of mapping, analysis and hot spot detection 

techniques can improve crime control. 

Fourteen spatial interpolation methods were compared using data obtained from a bathymetric 

survey of Lake Vrana, Croatia (Siljeg et al., 2015). The researchers used deterministic 
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methods (inverse distance weighting, local polynomial function, radial basis function, and 

completely regularised spline, with tension, multi-quadric function and inverse multi-quadric) 

and geo-statistical methods ( ordinary kriging, simple kriging, universal kriging, disjunctive 

kriging, ordinary co-kriging, simple co-kriging, universal co-kriging and disjunctive co

kriging). To compare the accuracy of these spatial interpolation methods, they used a method 

of cross-validation. Several authors suggest the use of this method in order to attain a 

successful evaluation of accuracy (Oliver and Webster, 1990; Hofierka et al. , 2007). The 

results from their study revealed that the best deterministic interpolation techniques were the 

multi-quadric method and the best geostatistical method was the ordinary co-kriging method. 

The current study aimed to investigate the spatial distribution of HIV/ AIDS in Botswana 

using inverse distance weighting (IDW), kriging and natural neighbour (NN) interpolation 

methods and to determine the factors that influence its spatial patterns. The study compared 

the three methods using MSE and MAE to determine the interpolation method that will best 

describe the spatial distribution of HIV/AIDS in Botswana using data from BAIS IV. 

2.12. Conclusion 

The above literature review looked at the prevalence of HIV/ AIDS worldwide, in Africa and 

in the study area which is Botswana. The chapter examined research on spatial distribution, 

GIS and interpolation methods. The chapter also looked at the strength and limitations of 

methods that were used in different researches. GIS has become the most powerful tool in 

health research both in developed and under developed countries. However, in Africa GIS is 

limited due to inadequate means of data collection and monitoring. A number of interpolation 

methods have been used and compared. These include IDW, OK, NN, spline, and local 

polynomial function among others. OK proved to be the most efficient interpolation 

technique. 

The studies reviewed compared the performance of interpolation methods of digital elevation 

model, estimating soil moisture, estimating air quality and crime analysis. There have been 

limited studies that have assessed the performance of interpolation methods using HIV/AIDS 

data. As indicated in the assumptions, geo-statistical methods are best when data are normally 

distributed and stationary. In the reviewed studies, none looked at these assumptions and 

hence the results from these studies may not be accurate. There are many kriging methods that 
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are ordinary, simple, universal, Bayesian, co-kriging, disjunctive etc. Ordinary kriging was 

chosen by researchers without comparing it with others to asses if it was the best method for 

their data. 

The current study utilised BAIS IV data to evaluate the performance of geo-statistical and 

deterministic interpolation methods. The study differs from the reviewed studies in that it 

compared the performance of different kriging methods to find the most suitable method. The 

study and employed exploratory spatial data analysis to check if data was normally distributed 

before using geo-statistical methods. 
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CHAPTER3 

RESEARCH DESIGN AND METHODOLOGY 

3.1. Introduction 

Research design is discussed in this chapter as derived from literature, as well as the research 

philosophy or paradigm that guides this study. Also discussed is the data used in this study, 

methods of conducting autocorrelation, of identifying hotspot/cold spot, interpolation 

techniques and logistic regression. 

3.2. Research design 

The research design, methodology and methods used in this study depend on the research 

questions that have to be answered. Furthermore, the researcher's approach in conducting the 

research was guided by how she thought about the problem and how it was to be studied such 

that the results and findings were to be of quality in the discipline. The research questions 

were addressed following the research onion as proposed by Saunders et al. (2009) shown in 

Figure 3.1 
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Figure 3.1 Research philosophy in the ' research onion' Source: Saunders et al. (2009) 

3.3. Nature of methodology 

Methodology is the way in which researchers approach problems and seek answers, that is 

how research is conducted (Taylor, et al., 2015). According to Chilisa and Kawulich (2012), it 

is where assumptions about the nature of reality and knowledge, values, theory and practice 

on a given topic get together. Methods are tools used for gathering data and are an important 

component of methodology (Saunders et al., 2009). This section describes the rationale for the 

application of specific procedures or techniques used to recognize, select, and examine data 

applied to understating the research problem, thereby allowing the reader to critically evaluate 

a study' s overall validity and reliability (Labaree, 2009). Methodology is therefore a summary 

of the research paper that answers two main questions: How was the data collected or 

generated? And, how was it analysed? (Chilisa and Kawulich; 2012, Labaree, 2009). 
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3.4. Philosophical Perspective 

A good understanding and interpretation of a research philosophy has an exact impact on the 

research methodology to be adopted in a research study (University of Bradford School of 

Management, 2003). Some scholars view a paradigm as a model or frame of reference that 

shapes people's observations and understandings (Rubin and Babbie, 2016). It is a way of 

examining social phenomenon from which particular understandings of these phenomena can 

be gained and explanations attempted (Saunders et al., 2009). 

A research paradigm guides a research study by outlining the researcher's belief and set of 

ideas about investigating a research problem and establishing new knowledge in that domain. 

Guba and Lincoln (1994) explain that it helps answer the following questions; the axiological 

question which asks, "What is the nature of ethics?", the ontological question which also asks, 

"What is the nature ofreality?", the epistemological question which asks," What is the way of 

learning and the relationship between the knower and the would be known and finally the 

methodological which finally asks, "How can the knower go about obtaining the desired 

knowledge and understanding?" Hart (2010) echoes the same sentiments and reflects that the 

research paradigm specification guide on" ... ontology or a belief in the nature of reality ... 

ways of being, what you believe is real in the world ... epistemology, which is how you think 

about that reality .... methodology, how you are going to use your ways of thinking(our 

epistemology) to gain more knowledge about your reality and finally, a paradigm includes 

axiology, which is a set of morals or a set of ethics. 

Epistemologically the researcher used her professional knowledge and experience to make 

sound judgement on the research proceedings and was guided by the ethical values in the 

arena of research. Guided with this same philosophical approach in claiming new knowledge 

about a phenomenon, the study developed a comprehensive research design 

The research design, methodology and methods used in this study depend on the research 

questions that have to be answered. Furthermore, the researcher's approach in conducting the 

research was guided by literature review so as to come out with results that were quality in the 

discipline. The interrelationship between ontology, epistemology, methodology methods and 

data (shown on Figure 3.2 below) provides a sound foundation for researchers' guidance. 

47 



Ontology F.piltemology Ramn:bmedlods 

Which procedures 
& techniques can 
we me to acquiJe 
the knowledge? 

DltallOIRO 

Figure 3.2: The interrelationship between ontology, epistemology, methodology, methods and 

data Source: Grix (2002: 180) 

In the current study, the researcher pursued the above outlined logical process by Grix (2002) 

in which the ontological question was premised on the desire to establish the spatial 

distribution of IDV/AIDS in selected districts of Botswana. The epistemological orientation 

focused on the need to determine factors that contribute to spatial distribution. Secondary data 

was obtained from Central Statistics Botswana. 

3.5. Philosophical Approaches in Social Sciences 

In social science, there are several predominant paradigms. In this study four most common 

social scientific paradigms are discussed. These are positivism, social constructionism, critical 

paradigm and postmodernism. 

3.5.1. Positivism 

Positivism is directed by the rule of objectivity; know ability, and reasonable logic. Positivism 

as defined by Rossman and Rallis (2003) as a concept that is directly related with the idea of 

objectivism. It is a philosophy that uses mathematical data and it includes hypothesis testing 

to achieve object results (Levin, 1988). Positivism believes that reality is steady and can be 
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illustrated and observed from an objective point without meddling with the phenomenon 

under study. 

3.5.2. Social constructionism 

According to Blackstone, 2012:16 "Social constructionist point of view is the possibility that 

social setting and collaboration outline our realities. Researchers working inside this structure 

appreciate how individuals come to socially concur or deviate about what is genuine and 

true". In this paradigm people create reality themselves through their interactions and their 

interpretations (Blackstone, 2012). 

3.5.3. Critical paradigm 

In the main, critical paradigm is centred on power, imbalance and social change. "As opposed 

to the positivism paradigm, the critical paradigm advances that sociology can never be truly 

objective or value-free. Furthermore, social change should be put into consideration when 

conducting scientifically investigations" (Blackstone, 2012: 17). 

3.5.4. Postmodernism 

Postrnodemism paradigm challenges most social scientific methods for knowing, arguing that 

there were no universals. The postmodernist paradigm postures a significant challenge for 

social scientific researchers. While an objective and understandable truth, is guaranteed by the 

positivism, postmodemists would say that there is definitely not. While social constructionists 

may contend that truth is subjective depending on each person's preferences (or in the eye of 

the group that concedes on it), postrnodemists may claim that the truth can never be known in 

a study, this is because the researcher is likely to input his/her own truth on the investigation. 

At last, while the critical paradigm may argue that reality and truth can be shaped by power, 

inequality and change, a postmodernist may in tum ask whose power, whose inequality, 

whose change, whose reality, and whose truth (Blackstone, 2012). Table 3.1 gives a summary 

of the paradigms and their assumptions. 
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Table 3.1 Philosophical Approaches 

Paradigm Emphasis Assumption 

bbjectivity, know ability, !Empirical and scientifically studies can be used 
Positivism 

iand deductive logic Ito study society. 

rTruth as varying, socially 
bur realities can be framed by social context Social 

constructed, and ever-
land interaction lconstructionism 

!Changing 

!Power, inequality, and 
Social science can never be truly value-free and 

Critical I.should be conducted with the express goal of 
social change 

social change in mind. 

Postmodern ism 
Inherent problems with 

Truth in any form may or may not be knowable 
previous paradigms 

Adapted from Blackstone (2012: 17) 

The researcher in this study has knowledge of statistics and needs to gain more knowledge by 

objectively analysing and explaining data. The researcher believes that research can be done 

objectively with no provisions of human experiences. Guided by this ontological belief, the 

researcher was able to select appropriate statistical and spatial methods to examine the spatial 

variation of HIV/ AIDS in selected districts in Botswana. The researcher has a belief that 

empirical observations through human sense are very objective and also believes in inductive 

reasoning. The researcher used data from Botswana Aids Impact Survey IV which is 

secondary data to attempt explain the concentration of HIV/AIDS in selected districts of 

Botswana. 

3.5.5. Deductive approaches 

Deductive approach outlines the steps taken by the research to conduct research. According to 

Ikeda (2009:53) "deductive process involves the testing of the theory, i.e., it begins with a 

theory or generalization and seeks to verify whether the theory is applicable to specific cases." 

Thus, general inferences are used to deduct specific cases. In this approach more specific 

hypothesis is obtained by narrowing general inferences. These specific hypotheses can be 

further narrowed down to data collection and hypothesis is done to confirm or deny the theory 

(William and Donnelly, 2001). In this study the researcher analysed secondary data from 2013 
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BAIS IV. The aim was to determine the spatial distribution of HIV/AIDS using different 

methods. This approach enabled the researcher to identify districts with high/low 

concentration of HIV/AIDS and to formulate recommendation for HIV/AIDS intervention. 

Table 3.2 Deductive Research 

Theory ----:::? Hypothesis ---➔::: Observation ---➔::: Confirmation 

Adapted from Blackstone (2012) 

3.5.6. Quantitative approaches 

Quantitative approach emphasises measurement and quantification of data as it mostly applies 

a deductive approach to the testing of theories (Bryman and Bell, 2015; Saunders and 

Bezzina, 2015). Regarding the deductive approach, Saunders et al. (2009:146) mentioned 

that: 

a) There is the search to explain causal relationship between variables 

b) To testing hypothesis, the researcher utilises another characteristic, the collection of 

quantitative data 

c) There should be controls to allow the testing of hypotheses with a control group 

d) Research would use highly structured methodology to facilitate replication 

e) To pursue the principle of scientific rigour, deduction dictates that the researcher 

should be independent of what is being observed 

f) Concepts need to be operationalized in a way that enables facts to be measured 

quantitatively 

g) Principle of reductionism is followed, that is problem as a whole is better understood 

if it reduced to the simplest possible elements 

h) In order to be able to generalise statistically about regulations in human social 

behaviour, it is necessary to select sample of sufficient numerical size. 
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3.6. Study Area 

According to Botswana National Atlas, Botswana is a landlocked country in Southern Africa. 

The country has a maximum length from north to south of about 600 miles (965 km) and a 

maximum width from east to west of about the same. The country lies between latitudes 17° 

and 27° S and longitude 20° and 30° E. It is bordered on the southeast and south by South 

Africa, on the west and northwest by Namibia, on the north by Zambia, and on the northeast 

and east by Zimbabwe. It covers an area of 581 .730 square kilometres (Botswana National 

Atlas). Botswana has a population of 2 024 787 with a population growth rate of 1.26%. The 

overall life expectancy of the entire population is 54.66 years, with males having a life of 

55.75 years and females having a life expectancy of 52.32 years (World Bank, 2012). This 

country has a birth rate of 21.34 births per I 000 population, a death rate of 13.32 deaths per 

1000 population. Figure 3.3 below is Botswana's Political map showing the international 

boundary, main districts and town councils boundaries with their capitals and national capital. 
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3.7. Data 

This study used secondary data from the Botswana AIDS Impact Survey IV (BAIS IV), a 

nationally representative sample survey. The survey was conducted between January and 

April 2013 by the Central Statistics Office (CSO) in collaboration with the National AIDS 

Coordinating Agency (NACA) and the Ministry of Health. The major objectives of the survey 

were: 

• To give current HIV occurrence and prevalence estimates between the 

population aged six weeks to 64 years. 

• To give suggestive trends in preventive behaviour among the population aged 

l O to 64 years (BAIS IV 2013). 

Portable gadgets i.e. smart phones were utilised for the first time information collection in 

BAIS IV survey. The data collected was immediately entered into smart phones during the 

field enumeration period and sent to storage centre through network systems, which enabled 

data capture directly to data servers. 

The data that was used in the current study was obtained from Statistics Botswana and was 

captured in Statistical Package for the Social Sciences (SPSS). The data consist of HIV/ AIDS 

prevalence rates, socio-economic, demographic and behavioural factors for 26 districts of 

Botswana. Data from SPSS was transformed by converting the file into a database format and 

then transferred to Geo-Da program. Shape files that were used in this study were also 

obtained from Statistics Botswana. These files consist of 28 Census districts for Botswana and 

26 of the census districts' boundaries. The data base together with the shape files was 

uploaded into Geo-Da and ArcMap l 0.1 for analysis. The overall sample size for the BAIS IV 

survey was 5415 households. The target population were all individuals aged six weeks and 

above, and all members who reside in the selected private households aged 10-64 years, 

excluding the institutional dwellings and industrial areas. Non-citizen tourists who were in 

Botswana on holiday and not working were also not included in the survey. 
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Figure 3.4 Shape file map showing 28 census districts of Botswana: Source: Statistics 

Botswana 

3.8. Data Collection 

The Central Statistical Office (CSO) adopted a two- stage stratified sampling design for BAIS 

III. The sampling frame was defined and constituted all Enumeration Areas (EAs) found in 

the three geographical regions in (i) Cities & Towns (ii) Urban Villages and (iii) Rural 

Districts as defined by the 200 I Population and Housing Census. The sampling frame 

consisted of 4114 EAs. During the 2001 Census, EAs were framed of manageable size in 

terms of dwellings I households, so the primary sampling units (PSUs) were EAs. A list of 

occupied household in the selected EAs served as a sampling frame for that EA and the 

secondary sampling units (SSU) were occupied households. Being a two- stage design, two 
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frames were required for each stage. The sampling frame for the first stage was based on the 

2001 Population and Housing Census. The sampling frame for the second stage was produced 

only from the selected EAs by listing of all private habitable dwellings/ households in their 

EAs. Thus the number of occupied households in the selected EA served as a sampling frame 

for the EA. 

The sampling frame was the 2011 Population and Housing Census and it consisted of listing 

all Enumeration Areas (EAs) found in three geographical regions which are cities and towns, 

urban villages and rural districts. The sampling frame was the listing of all occupied 

households in the selected EA. Stratification was attempted with the end goal that all districts 

and major urban centres became their own strata. 

A two-stage stratified probability sampling design was used for the selection of BAIS IV 

sample. The first-stage was the selection of EAs and these were selected with probability 

proportional to the measure of size (PPS). The second stage units were systematically selected 

from the list of occupied households. Overall, 5415 households were drawn systematically 

from a listing prepared of selected EAs prepared at the beginning of fieldwork. 

3.9.Multi- stage sampling design 

Let the population be divided into N first stage units (fsu's) which are disjoint. Define U as 

U={ Ui,••·UN} for i = 1 , ... ,N. The i1h fsu Ui is composed of Mi second stage units and is 

defined as Ui ={ Uij, ... , UiM}- The j'h ssu of the ith first stage unit Uij is again composed 

ofMij third stage units, Uij ={ UijI .... , UijMij} and so on. 

N; = total number of EA (fsu) in each district 

M1 = Number of households in the ith EA 

M = LM; = total number of households in the selecteddistrict 

n = number of sampled EAs 

n; = Inclusion Probability of the ith EA 

M 
= nP =n-' 

I M 

m; =number of sampled households from the ith EA 
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q .. = total number of individuals (household size) for the jth household of the ith EA 
lj 

yiJ =value of the character y for the jth household of the ith EA, j =l, ... ,Mi i= 1, .. , N 

i=I J=I i=I 

A "y "My I " Y = L,-' = L,-'-' where .Y; = - L, y iJ 
iES fr; iES 1f; mi }ES; 

A M"_ 
Q=-L,qi 

n Jes 

Y;. = total number of individuals who possess character y in the sampled households of the ith 

EA= LYiJ 
Jes 

Consider a finite population U = (1, ... , N) ofN units which have been divided into k disjoint 

sub-population 

Let 1l i (>O) and 1l ij (i -:t:- j) be the inclusion probabilities of the ith andjth units of the 

population. Let Sj be the set of units that belong to the ith class ni and Yj be the value of a 

certain character y for the jth G = 1, ... , N) uni~s .Consider an unbiased estimator for the 

population total 

(1) 

where the 1l; is the inclusion probability of the ith unit and 

(2) 

Using Sarndal (1992) notation, an unbiased estimator of Y =LY;, the total of they-values of 
jeO.; 

the units belonging to ni is given by 
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~ Ly1 y: = _j_j_ 
I 

Jes 1ij (3) 

1 if the ith unit belongs ton; 

Where 1/i)= 

0 otherwise 

Consent for participation in the BAIS IV was requested for all components of the study 

including blood specimen for HIV testing. "Dried blood (DBS) for ages over 18 months were 

screened for HIV antibodies in a parallel testing algorithm using commercial ELISA test kits

Vironostika-Hrv Uni-Form II plus O (OroganonTeknika, Boxtel, The Netherlands) and 

Murex (Abbott, Wiesbaden, Germany) as per Botswana National Policy on HIV testing. Any 

specimen that was reactive on parallel ELISA testing was considered HIV antibody positive 

and any specimen that was not reactive was considered HIV antibody negative. Dry blood 

specimen for those less than 18 months was tested for HIV virus/ antigen using DNA PCR 

Roche technology. Any specimen that was responsive was rehashed and if receptive twice 

then it was analysed as HIV positive. Tests that were non-receptive were analysed as HIV 

negative. Samples that were regarded as not suitable for testing or had inconclusive results 

were excluded from prevalence and incidence computations."(BAIS IV, 2013:6) 

Confidentiality and anonymity were strictly adhered to in handling the data for the survey. 

3.10. Conceptual Framework 

This study investigates the spatial distribution of HIV/ AIDS prevalence in Botswana using 

BAIS IV data collected by Statistics Botswana in relation to demographic, socio-economic 

and behavioural factors. These factors form the conceptual framework of the study. A 

modified conceptual framework is put together using proximate determinants framework by 

(Boerma and Weir, 2005: Bamighausen and Tanser, 2009 and Lopman et al. 2008). 

Underlying determinants in the conceptual framework act through the proximate determinants 

and eventually through the biological determinants (Lopman et al., 2008). The direct link 

between the proximate determinants and the biological determinants influences the infection 
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rate of HIV/AIDS. It also determines the prevalence rate of the disease. The underlying 

determinants, proximate determinants and the biological determinants have a great influence 

on the spatial distribution of HIV/AIDS. 

Proximate determinants Biologicel determinants Heelth Outcomes 

Figure 3.5 Conceptual frameworks for factors contributing to the spread of HIV/AIDS 

3.11. Methods of data analysis 

Methods that are used to analyse data are discussed. These are quantitative descriptive 

approach, Moran's I (used to test for autocorrelation) and spatial interpolation methods 

(inverse distance weighting, ordinary kriging and nearest neighbour) used for predicting and 

creating continuous surface maps. Also discussed are methods of identifying hotspot/ low 

spots of HIV/AIDS and logistic regression which were used to determine factors that 

contribute to the spatial distribution of HIV/AIDS in Botswana. 
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3.10.1 Preliminary data analysis 

Preliminary data analysis is applied to raw data to prepare it for primary analysis. The 

objective of the analysis is to edit the data to prepare it for further analysis. The key features 

of the data are described and reliability and validity checks are performed. 

3.10.2 Descriptive statistics 

Burns and Grove (2005) describe quantitative approach as an objective process that deals with 

numbers. It is based on traditional scientific methods which generate numerical data. The 

approach is used to describe variables, examine relationships and to determine cause and 

effect interactions between variables (Burns and Grove, 2005). Quantitative approach is 

classified into three groups, descriptive, experimental and comparative approach. Descriptive 

approach is a basic research method and it deals with describing the characteristic of data 

using numbers. In this study, preliminary analysis was done using the descriptive approach to 

describe the overall characteristic of the study population. This approach was further used to 

compare the relationship between selected socio-economic factors and prevalence in different 

districts. 

Measures of central tendency (mean, mode and median) were used to describe continuous 

variables; while categorical variables were described using frequencies and percentages. 

Bivariate analysis which involves the analysis of two variables was used to establish the 

association between them. For this study, the chi-square test will be employed to determine if 

there is a relationship between the outcome variable and the explanatory variable. A p-value 

less than 0.05 will indicate a significant relationship between the outcome and explanatory 

variables. The analysis was done using SPSS. 

3.10.3 Test for reliability 

Since cross sectional data was used, there was a need to test for reliability and consistency in 

the data. Internal consistency is the degree to which the measurement of a test stays uniform 

over repeated tests of the same subject under similar conditions. An experiment is said to be 

reliable if the results of the same measure are similar and not reliable if results are different in 
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repeated measurement (Lwanga et al., 1999). To test for consistency and reliability 

Cronbach's alpha was used. A Cronbach's alpha of 0.6 is reliable and 0.8 or higher indicates 

good reliability. Very high reliability (0.95) is not desirable as it indicates that an item is 

redundant. A low Cronbach's alpha suggests that data is not reliable. 

There are several reasons why a Cronbach's alpha has a low value. Reverse coding and 

multiple factors are some of these reasons. In reverse coding two questions may be asking the 

same thing, with reverse wording. If one uses Likert scale of 1 to 6 with 1 meaning disagree 

and 6 strongly agree. Suppose the two questions are: I like statistics and I dislike statistics 

with a response of l and 3 respectively. In order to get a reliable Cronbach's alpha, scores of 

negatively phrased questions need to be reversed. The question I dislike statistics will be 

scored as 4 (7 minus 3 the recorded score). For multiple factors, questions asking the same 

thing or factor. The questionnaire needs to be split into tests according to the factors they are 

testing and a Cronbach's alpha is conducted for each test 

3.10.4 Primary data analysis 

Primary data analysis is the application of statistical techniques to data that study questions 

can answer. Different techniques were used to answer the research questions. 

Figure 3.6 Framework for the guide of spatial analysis. Adopted from Geospatial analysis of 

global health, 2015 
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3.10.5 Spatial Autocorrelation of mv / AIDS prevalence in Botswana 

Spatial autocorrelation analysis was employed to identify spatial patterns of HIV/AIDS in the 

districts of Botswana. It was used to test and measure districts that are clustered or dispersed 

with respect to HIV/ AIDS prevalence using BAIS IV. Moran's I statistics and Getis-Ord 

General G were used to identify spatial patterns of HIV/ AIDS for the 12 selected districts of 

Botswana. These statistics examines the extent of clustering that exists in a dataset observed 

across the entire region, which is the similarity or dissimilarity of features, based on both their 

locations and values (Moise et al., 2015). 

Moran's I depends on Waldo Tobler's first law of geography which expresses that everything 

is identified with everything else, close things are more related than far off things (Zulu et al., 

2014; Kalipeni and Zulu, 2008). HIV/AIDS prevalence rates should be alike between 

neighbouring districts than between non-neighbours if the above law applies. Moran's I tests 

the hypothesis that HIV/AIDS is randomly dispersed versus the alternate that HIV/AIDS is 

not randomly dispersed. This measure lies between -1 and +1. A Moran's I value greater than 

zero indicates that HIV/ AIDS is positively correlated, a value less than zero indicates 

dissimilar patterns of HIV/ AIDS among adjacent or nearby districts and a value of zero 

indicates total randomness in HIV/AIDS. According to Islam and Tsuiki (2016) the equation 

for Moran's I can written as 

where n is the number of districts, 

x; and x 1 are the observations from unit i to unit j about the phenomenon of X 

wii is the i th and j'h element of the weighting matrix 

x is the average of observations from unit i and j 

n n 

W = LL w ij and S 2 is the variance of HIV/ AIDS positive participants and can be 
i=I j=l 

calculated as, 
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The statistical significance test for Moran's I using normal distribution is given as, 

z = 1-E(I) 
S error {I) 

Where 

(5) 

I is the calculated Moran's I value, E (I) is the expected value and Sis the standard error 

The expectation is given as: 

E(1)=2 
n-1 

(6) 

3.10.6 Getis-Ord General G statistic 

Getis-Ord General G statistic is a tool for determining the level of clustering across the entire 

study area. General G is used to show distance at which values are clustering at a rate higher 

than expected by chance (Getis and Ord, 1992; Moise et al, 2015). The tool is an inferential 

statistic and the analysis is explained within the settings of a null hypothesis. The null 

hypothesis states "there is no spatial clustering of HIV/AIDS in the selected districts" . The 

null hypothesis is rejected when the absolute Z score is big and the p-value is small(< 0.05). 

A positive Z score means that large values are clustered together in the study area and 

negative Z score means low values cluster together. In this study Getis-Ord General Statistic 

was used to determine the extent of clustering in the selected districts of Botswana. 

According to Briggs Henao University (2010), the general G statistic of the overall spatial 

association is given by: 

n n 

LLW;,JxixJ 

G{d)= i=l:=ln , 'i/j:f;;i 

LLX;XJ 
i=l J=l 

where x; and x 1 are attribute values for the features i and j 

wi,J is the spatial weight between the feature i and j 

Fromequation(4) W=LLwij (d) for j:f;;i 
i=I J=l 
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w 
Then E[G(d )] = ( ) 

n n-1 
(8) 

According to Getis and Ord (1992) the variance of General G is obtained by considering p! 

random permutation. 

E[G(d)]2 = ~ 2 _ l ~(4) [A0p/ + A1p4 + A2P1
2
P2 + A3P1P3 + A4P1

2
] 

I P2 

Where pi = Lx/ j =1, 2, 3, 4 and n(r} = n{n - IXn-2} ..... {n- r-1) 
i=I 

The coefficient of A are: 

A 0 = (q2 -3n +3J;1 -nS2 +3W2; 

Al =-[(n2 -n};I -2nS2 +3w2]; 

A 2 = -[2nS1 -{n +3)s 2 +6W2 j; 
A3 =4{n-I)s1 -2{n+I)s2 +8W 2

; 

S1 =½LL(w!i +wJ2 
for j-::1:-i 

I j 

s2 = ~::{w; +w;}2 and W; = LWij j-::1:-i 
j 

Thus Var[G(d)] = E[G(d)]-[ n(~ I)J 

3.10.7 Identification of Hotspot 

(9) 

(10) 

Global statistics are important for detecting spatial clusters that occur in the study area, but 

they are unable neither to identify where the clusters occur nor to identify differences in 

spatial patterns within the study area (Moise et al., 2015).To identify clusters and the 

differences in spatial patterns in smaller areas, techniques for local clustering are used. These 

are clusters are called hotspots. Hotspot is a condition indicating some type of clustering in a 

spatial variation (Osei and Duker, 2008). Hotspots are geographical areas where there are 

excess numbers of HIV/AIDS infection relative to the overall average. It is important to detect 

hotspot, even if global patterns are not clustered. 
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Significant clusters of HIV/ AIDS in the study area were mapped using two clustering 

techniques. These are the Getis-Ord G; • statistics named after its creators, Arthur Getis and 

Keith Ord and Kulldorff spatial scan statistics. These techniques have the ability to separate 

districts of high HIV/ AIDS prevalence from districts of low HIV/ AIDS prevalence. The 

spread of an infectious disease can be influenced by clusters that occur randomly (Osei and 

Duker, 2008). Below, techniques for identifying districts with clusters (hot spots of high or 

low HIV/AIDS prevalence) are discussed: 

3.10.8 Getis-Ord (Gi*) statistics 

The local G/ statistics is valuable for deciding the spatial reliance of neighbouring 

observations. The local at statistic requires the creation of a spatial weight matrix. A spatial 

weight matrix exhibits the strength of the geographic association among observations in a 

neighbourhood. Spatial weights can be created based on distance or contiguity. Objects that 

are points may use distance-based weights, while polygons can utilize both distance and 

contiguity (Moise, et al., 2015). 

In Geo-Da, weight files can be created by Queen Contiguity or Rook Contiguity. Queen 

Contiguity defines objects as neighbours if they share one or more common point, while Rook 

Contiguity only defines objects as neighbours if they share a similar border (Moise et al., 

2015). In this study, spatial weight were created using Queen Contiguity which always has 

more neighbours than Rook Contiguity. The statistical significance of Getis-Ord statistics was 

assessed in Geo-Da by increasing the number of permutations. The output from G/ statistic 

detected spatial clusters of elevated values (hotspots) and low values (cold spots) Bhunia et 

al., 2013. According to Getis and Ord (1992) Getis-Ord (Gt) statistic is calculated as follows: 

x 1 the HIV/ AIDS prevalence rate for district is j, 

wi,J spatial weight between districts i and j, 

n is the total number of districts 
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Implementing standard argument adopted by Getis and Ord (1992) from Cliff and Ord 1973; 

the value of X; for the i'h point is fixed and (n-1)! Random permutations of the remaining x 

values of j points are considered. These permutations under the null hypothesis of 

independence are equally likely. 

Now letting Xi be the random variable assigned to point j then 

E(XJ=L~ 
r,<I n-} 

E(o; )= ~ w;;(d)E(xjy~xi 

=w;/n-1 where W; = I:w;;(d) 
j 

Similarly 

Recall that weights are binary 

LLW;Jwik = W;2 -W; 
J,<k 

thus 

Setting 

h V fa•.)= w;(n-1-w;)[~] 
t en ar ~ , ( )2 ( ) 2 n-1 n-2 Ti! 

The Var{G; )=o when W; = 0(meaning there are no neighbours) or when 

65 

(12) 

(13) 

(14) 

(16) 



W; = n -1 (all n-1 observations are within d 1 ) or when T;2 = 0 ( all n-1 observations are 

equal) ( Getis and Ord, 1992). 

3.10.9 Kulldorff's spatial scan statistics 

The KuJldorff's scan statistics is a spatial scan statistics technique for identifying and 

evaluating statistically significant spatial clusters, for example HIV, TB or risk factors for a 

specific disease (Kulldorff and Nagarwalla, 1995). It can be effectively applied to small or 

medium sized sets of geographical referenced data (Moise et al., 2015). In this study, 

Kulldorff spatial scan was used to determine districts that have high clusters of HIV/AIDS 

prevalence. The scan test is based on a maximum likelihood procedure and it uses a circular 

window of variable size and location to scan the whole map for areas with high or low rates of 

HIV/ AIDS. The likelihood of observing the number of cases inside and outside each circle is 

calculated and the most likely cluster will be the one with a maximum likelihood. 

The current study will apply the Poisson model devised by Kulldorff (1997). Under this 

model point are generated by an in homogeneous Poisson process and there is only one zone 

(Kulldorff, 1997). Let N be a spatial process where N (A) is the random number of points in 

the set Ac G. As the window moves to the study area it defines a collection of 2 of z c G. 

Under the Poisson model point are generated by an in homogeneous Poisson process and there 

is only one zone (Kulldorff, 1997). 

Thus N(A)- P
0
{pµ(AnZ)+qµ{Anz)) for all A 

The hypothesis is given as: 

Ho :p =q 

Ho: p > q 

Under the null hypothesis, N(A )- P
0 
(pµ(A )) for all A 

Now applying the same notations as Kulldorff (1997: 185-186) the likelihood for Poisson is 

given as follows: 

- e-pµ(z}-q(µ(G)- µ(z))[pµ(z)+ q(µ(G)- µ(z))YG 
P(n 0 )-------~~ ~~~-~~ 

nG! 

The density function of a specific location being observed at location x is given as: 
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pµ(x) 
pµ(Z)+ q(µ(G)- µ(z)) 

J(x)= 
qµ(x) 

pµ(Z)+ q(µ(G)- µ(z)) 

Then the likelihood function is given as 

ifxeZ 

if x~Z 

e -pµ(z)-q(µ(G)- µ(z))(pµ(Z)+ q(µ(G)- µ(z))]nG pµ(x) 

(18) 

L(Z,p,q)=------~~-----x I] 
nG! x;.z pµ(Z}+ q(µ(G)- µ(Z)} 

I] qµ(x) 
xeZ pµ(Z)+ q(µ(G)- µ(z)) 
' 

The likelihood can also be defined as 

A= Sup zezp>qL(Z,p,q) = L(z) 
Sup p=q L0 

(19) 

For the numerator supremum are taken all over p and q for a fixed z and there is maximum 

nz (na -nz ) 
when p = -() and q = ( ) ( ) µZ µG -µZ 

Thus L
0 

= 

otherwise 

Then final the likelihood is given as: 

A,= SupzezL(Z) 

:~t<~) r i:,iµ(x;) 
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(20) 

nz na -nz --> --"'---""--
If there is at least one district Z such that µ(Z) µ(G)-µ(Z) and A= 1 otherwise IO is the 

indicator function. 

Calculations of the Kulldorff spatial scan statistics were done using Sat Scan version 9.0 

where three files were created. These are the case file, population files and the coordinate 

files. The case file which contains identity numbers (ids) and HIV positive case, the 

population file which includes the total population under study and the coordinate file which 

comprises of district names, longitude and latitude locations of clusters. 

3.10.10 Spatial Interpolation methods 

Interpolation is a procedure used to predict the value of attributes at un-sampled sites using 

measurement made at point location within the same area. Data from point observations is 

transformed to continuous fields to enable spatial patterns to be compared. The logic behind 

spatial interpolation is that usually point nearer to each other in space are more likely to be 

similar than points further apart. This is also confirmed by Waldo Tobler's first law of 

geography which expresses that everything is identified with everything else; close things are 

more related than far off things (Kalipeni and Zulu, 2008). 

Several different interpolation methods have been used in the analysis of spatial distribution 

(inverse distance weighting, nearest neighbour, ordinary kriging, universal kriging, kernel 

density, voronoi (Thiessen) polygon and many more). These spatial interpolation techniques 

use numerical models to measure point values of a continuous variable at known areas to 

forecast values at areas that do not have values, consequently generating a continuous surface 

(Zulu et al., 2014). 

Interpolation techniques fall under two categories: geo-statistical and deterministic. Geo

statistical methods use probabilistic statistical models of the measured point ( e.g. kriging), 
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while deterministic techniques (e.g. IDW, nearest neighbour) use the degree of similarity 

(Kalipeni and Zulu, 2008). Deterministic techniques that compute predictions utilizing the 

whole data set are called globally and those that utilise measured points inside particular 

neighbourhoods to capture assumed local variation are called local. In this study, three spatial 

interpolation techniques were compared and these are: inverse distance weighted (IDW), 

kriging and natural neighbour (NN). The goal is to determine the method that creates the best 

continuous surface maps for the spatial distribution of HIV/ AIDS in Botswana using the 2013 

BAIS IV data. Different methods applied to the same data may produce different surfaces and 

results, hence the need to compare the suitability of these methods. 

The analysis was performed using Geo-Da which are open source soft wares which can be 

downloaded freely from the internet and ArcMap 10.1. Finally maps that depicting clustering 

and distribution of HIV/ AIDS prevalence were visualised using Geographical Information 

Systems techniques (GIS). Below is a discussion of the benefits and limitations of the three 

interpolation techniques that were applied to evaluate the spatial distribution of HIV/AIDS in 

26 districts of Botswana. Inverse distance weighting was discussed first followed by kriging 

and lastly the nearest neighbour interpolation method. 

3.10.11 Inverse distance interpolation Method 

Inverse distance weighting (IDW) Interpolation estimates the values of unknown points using 

the distance and values to nearby known points. IDW is a precise technique which enforces 

the condition that the evaluated value of a point is affected more by close known points than 

by those more distant away. Measured values located near the prediction location are assigned 

more weight than farther away points. In IDW measured values located closer to the 

prediction location are assigned more weight than those further away Weights are inversely 

proportional to the distance between the observation and the interpolated location (Mair and 

Fares, 2011). Inverse distance weighting techniques have been used by many researchers for a 

long time (Kalipeni and Zulu 2008; Moise and Kalipeni 2010; Beck et al., 2002; Webster et 

al., 1994). A weighting coefficient is used to assign weights to sample points and it in tum 

controls how the weighting influence will drop down as the distance from the new point 

increases. During the interpolation process, a greater weighting coefficient results in the point 

have less effect from the unknown point. As the coefficient expands, the estimation of the 
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obscure point approaches the estimation of the closest observational. 1 According to Wu and 

Wong (2008), IDW is used to estimate the unknown value of j,(R 0 ) in locationR 0 , given the 

observed values of y at sampled location Ri and the formula is given as; 

n 

ji(RJ= z:2iy(Ri) (21) 
i=I 

where R 0 is a linear combination of the weights, y are the observed values, Riis the sampled 

location, n is the total number of points and 2i are the weights and are defined as; 

(22) 

Where; di is the inverse distance between R 0 and Ri, p is the power2 

The power (p) can be any real number greater than 0, but the most practical results are found 

utilising values from 0.5 to 3. It should be noted that a smaller value of p tends to give 

estimated average values of Ri and large value of p gives larger weight to the nearest point 

and smaller weight to point further away (Lu and Wong, 2008). 

I 
Hence as p ➔ 0 and A; = - then 

n 

n 

y(R 0 )= LA;y(RJ 
i=I 

(23) 

Now letting Ri to be the nearest neighbour of R 0 and let Si denote the distance between R 0 

and R ; , then min {s;} = S 1 • As p ➔ oo Lu and Wong (2008) defined the weights as 

i = j(S; = min{S0 }) 

X ={I 
I 0 

n 

i = j,(so = min{s;}) 
i-:t:-j 

S,(RJ= z:2iy(Ri)= y(s;) 
i=I 

1 QGIS documentation; Spatial analysis interpolation 
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The default is 2.The degree oflocal influence also depends on the number of unknown points 

used in estimation. In IDW, all the predicated values are within the range of maximum and 

minimum values of the known points (Ansari and Kale 2014 ). In this study different integer 

power parameters (p=l, 2, 3, 4, 5) were examined (Yasrebi et al., 2009). The best power value 

was established by minimising the root mean square prediction error (RMSPE) (Djukpen, 

2012). The power value that produces the lowest RMSPE was used in IDW interpolation. A 

spatial resolution of 1 km x 1 km was used for the output raster image and 8 surrounding data 

points for this study. Interpolation was limited to Botswana census district boundaries by 

creating spatial mask for Botswana (Moise and Kalipeni, 2010). 

3.10.12 Kriging Interpolation Method 

Kriging is a word utilised by geo-statisticians for a family of generalised least- squares 

regression methods that use existing data in an identified search neighbourhood to 

approximate the values at un-sampled locations (Mair and Fare, 2011). Goeff, 2005:1 defines 

kriging as "the optimal interpolation based on regression against observed z values of 

surrounding data points, weighted according to spatial weights". It assumes that the distance 

or direction between sample points reflect a spatial correlation which can be used to explain 

variation in the surface. Kriging is a multistep process which incorporates exploratory 

statistical analysis of the data, variogram modelling, generating the surface and optionally 

exploring a variance surface (Babu, 2016). Kriging is appropriate when distance is spatial 

correlated or when directional bias of data is known. Kriging is similar to IDW in that it 

weights the surrounding measured values to derive a prediction for an unmeasured location. 

In IDW, the weightA; depends entirely on the distance of the prediction location. However, 

with kriging the weights are based not only on the distance between the overall spatial 

arrangements of the measured points and prediction location but also on the overall spatial 

arrangement of the measured points (Ansari and Kale 2014). Kriging performs better for large 

sample because of its probabilistic statistics used in prediction. Reliability of kriging is 

reduced if the sample is small. Kriging interpolation method uncovers the dependency rules 

and makes prediction. Ordinary kriging is sometimes called unbiased. Assumptions for using 

ordinary are 1) Intrinsic or wide sense stationarity of the location Z(s ); 2) there are enough 

observations to estimate the variogram, and 3) the mean of the random location is unknown 
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but constant. Ordinary kriging makes use of models of spatial correlation to calculate a 

weighted linear combination of observed data resulting in estimates of the observed location 

or specified unobserved location. The weights are chosen so that the average error for the 

model is zero and modelled error variance is minimized (Johnston et al., 200 l ). In this study 

kriging was used twice first to estimate the spatial autocorrelation of the data and the secondly 

to make predictions. 

To achieve these tasks, kriging involves a two-step process. First, it generates the variograms 

and covariance function to approximate the statistical reliance of values that depend on the 

swell when good variograms models are available. The general formula for kriging is given as 

Z(s)-m(s)= IAJZ(sJ-m(sJ] (25) 
a = l 

Where 

s, s 
O 

are prediction locations and one of the neighbouring data is indexed by a 

n( a) is the number of data points used to estimate i (s) 

A.a is the kriging weight assigned to point z( s a) for estimating location s 

m(s), m( s) are expected values of Z(s;) and i(s) 

For Ordinary kriging, the mean is assumed to be constant in the local neighbourhood for each 

estimation point. That is m(s) = m {s
0
). According to Goeff, 2005 ordinary kriging equation is 

given as: 

i(s)= m(s)+ IAJZ(sJ-m(s)] (26) 
a =l 

n(s ) [ n(s) ] 

=~JJs)Z(s.)+ 1-~AJs) m(s) 

Factoring out the mean and letting ordinary kriging weights sum to one gives the following 

equation for ordinary kriging: 

n(s) 

Z
0
k(s)= LA:k(s)Z(s.) and 

n(s) 

I:,i:*(s)= 1 
a =I a=I 

(9) 

Error variance needs to be minimized subject to the unit sum constraint on the weights and an 

additional term involving a Lagrange parameter m
0

k (s) is to be added. 
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(27) 

Differentiating L with respect to m gives: 

1 8L ~ --=1-2..,l0 {s)=O 
2 am a = l 

Therefore the equations for the kriging weights become 

I A~k (s~ R (s. -sb)+ m0 k {s) =CR (s. -s) a= 1, 2 .. .. n (s) (28) 
b=I 

where CR is the covariance function for the residual component of the variable (Goeff,2005). 

3.10.13 Variogram 

"A variogram is a geostatistical technique which can be used to examine the spatial continuity 

of a regionalized variable and how this continuity changes as a function of distance and 

direction. Computation of a variogram involves plotting the relationship between the semi 

variance (y (h)) and the lag distance (h). " (Iacozza and Barber, 1999:26; Sunila and Kollo, 

2007:2). The best weights for interpolation can be achieved by utilising a variogram 

(Burrough and McDonnell, 1998; Sunila and Kollo, 2007). Spherical, exponential, linear and 

Gaussian are the most commonly used variogram models. 

Spherical model: One of the most regularly utilised models in geo-statistics is the spherical 

model (Oliver and Webster, 1990). Optical spherical model can be obtained when the nugget 

variance is significant but not too large, and when the range and sill are clear (Burrough and 

McDonnell, 1998). 

y(h)={c< +c,[ :-½(~)'] 
c0 +c1 

} 
for0<h <a, 

for h '2: a 

(29) 

where y(h) =semi variance, h = lag, a = range, c0 = nugget variance and c0 + c1 =sill 

Exponential model: This model is a good choice when there is a clear nugget and sill, but 

only a gradual approach to the range (Sunila and Kollo, 2007). 
73 



(30) 

Linear model: It is a non-transitive variogram as no sill within the area sampled and typical 

attributes are varying at all scales (Sunila and Kollo, 2007). 

y(h)= c
0 

+bh, where b= the slope of the line 

Gaussian model: The Gaussian model can be the best model for variogram when the variance 

is very smooth and the nugget variance is very small compared to the spatially dependent 

random variation (Sunila and Kollo, 2007). 

(31) 

Several types of kriging methods have been developed (simple kriging, ordinary kriging, 

universal kriging, disjunctive kriging, Bayesian kriging etc.) (Asa et al., 2012). For this study, 

ordinary kriging simple kriging and universal kriging were compared to find the best kriging 

method for BAIS IV and the chosen method was compared IDW and Natural neighbour. 

3.10.14 Natural Neighbour Interpolation Method 

The last interpolation method that was used in this study is the natural neighbour. The 

technique finds the nearest subset of input samples to an inquiry point and applies weights to 

them based on equivalent areas in order to interpolate a value (ArcGIS desktop 9.3). This 

method is also known as Sibson or "area stealing" interpolation. Natural neighbour is as 

simple to use as nearest neighbour and it provides more precise results. The technique is a 

weighted moving average which uses geometric relationships in order to choose and weigh 

nearby points. The points used to assess the value of a characteristic at location x are the 

natural neighbours of x, and the weight of each neighbour is equivalent to the natural 

Boissonmat and Cazals (2000) method, it is assumed that P; is attached a continuously 

differentiable function hp; from9ldto 9l satisfying hp;(p;} = 0. Natural neighbour is defined 

as: 

n 

h (x) = ~>ii+w (x }h pi (x), for some arbitrarily small w>0 (32) 

Where: 
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pi is the natural neighbour 

Ap; (x) is the continuous function of x 

hp; (x) is the hyperplane to a tangent at p; 

The proof by Boissonmat and Cazals (2000) is adopted to prove the proposition that h(x) is 

continuously differentiable and interpolates h pi 

Proof 

Since the Ap; and hp; are continuous over 91d , h is continuous over 91d , moreover 

The Cartesian coordinates in 91d are denoted by x 1 
•••• xd . Since Ap; are continuously 

differentiable everywhere except at the pi, h is continuously differentiable at all x E P, we 

8h { ) L l+w ( ) 8h pi { ) have:-. x = A.pi x --. x ax1 ax1 

(33) 

When x ➔ p; , ah_ (x) ➔ ah pi (p;) which indicates that h is continuously differentiable. 
ax1 ax 

For every one of the neighbours inside a certain distance from the interpolation location x are 

considered and the weight of each neighbour is inversely proportional to its distance to x in 

traditional weighted average interpolation methods, for example inverse distance weighting. 

There is a certain level of success when utilising interpolation techniques when the data are 

consistently dispersed. However it is hard to obtain a continuous surface when the distribution 

of the data is anisotropic or when there is variation in the data density (Ledoux and Gold, 

2005). It is difficult to find the appropriate distance to select neighbours when using 

interpolation methods and requires a priori knowledge of a dataset. Selection of neighbours in 

natural neighbour interpolation is based on the configuration of the data hence it is not 

affected by the above issues (Ledoux and Gold, 2005). Figure 3.7 shows the natural neighbour 

of a given point. Firstly a voronoi is constructed of all given points, and these are represented 

by light blue coloured polygon. This results in creating a new polygon, beige in colour around 

the interpolated point (red star). Weights are then created using the proportion of overlap 

between the new polygon and the initial polygons. 
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Figure3.7 Natural Neighbour interpolation of a point 

3.12. Methods of comparing Interpolation techniques 

The aim of the study is to determine the interpolation method that best describes the spatial 

distribution in Botswana. Interpolated surfaces can be different among various methods and it 

is not easy to determine the best interpolation method by merely looking at the continuous 

surface maps (Caruso and Quarta, 1998). As indicated earlier, different spatial interpolation 

methods applied to the same data set may produce different results, hence the need to assess 

the performance of these techniques. 

Spatial interpolation accuracy can be determined by the method of cross validation. Cross 

validation is a method for evaluating statistical estimation and prediction (Cressie, 1993). This 

method is sometimes called the "leave-one-out method since it deletes one sampled point 

successively and the remaining sampled points are used to predict the missing data points. 

Usually there is a difference between predicted values and observed values and many errors of 

predictions can be calculated from the residuals. The following errors were calculated and 

each interpolation method was compared on the basis of these errors. These are the mean 

absolute error (MAE), root mean square error (RMSE), mean squared error (MSE) and mean 

error (ME) (Johnston et al., 2001 ). The best spatial interpolation technique was the one that 
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had small values of RMSE, MSE, MAE and a value of zero for ME if the predictions are 

unbiased. 

The MAE provides an absolute measure of the size of the error and is calculated using 

equation 

(34) 

RMSE which provides a measure of the error size that is sensitive to extreme values and is 

calculated using the equation 

ME which determines the degree of bias in the estimates and is calculated as follows 

I n ~ 

ME=-LZ(x;)-z(x;) 
n ;-1 

(35) 

(36) 

MSE which tests the prediction maps based on measure of accuracy and is calculated as 

follows 

(37) 

where 

Z(x;) is the observed value and the 

i(x;) is the predicted value and n is the sample size. 

3.13. Logistic Regression 

Geo- spatial analysis does a good job in determining cluster ofHIV\AIDS, but it does not help 

in answering question why clusters exists in some districts. The analysis cannot answer 

questions that pertain to identifying factors that contribute to high or low clusters. To help 

answer such questions, this study used generalised linear model (GLM) approach to determine 

the socio-economic, demographic and behavioural factors that influence the existence of these 

clusters. Below is a discussion of the method of generalised linear model. 
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3.13.1 Generalised Linear Model 

The class of GLM are the extensions of the traditional regression models that allow the mean 

to depend on the explanatory variables through the link function and the response variable to 

be any member of a set of distributions called the exponential family e.g. Normal, Poisson, 

Binomial, etc. The GLM approach is attractive according to Jackman ( cited by Kurtovic, 

2015:4), because it: 

• Provides a general theoretical framework for many commonly encountered statistical 

models. 

• Simplifies the implementation of these different models in statistical software, since 

essentially the same algorithm can be used for estimation inference and assessing 

model adequacy for all GLMs. 

According to Peng and So 2002:33 "Logistic regression (LR) which is suitable for studying 

the relationship between a categorical variable and one or more predictor variables was used." 

Logistics regression makes no assumption about the distribution of the independent variables. 

"The independent variables do not need to be linearly related or normally distributed or have 

equal variance within the group" (Small, 2009:63). Logistic regression can handle ordinal and 

nominal data as independent variables. For this study, survey logistic regression which 

accounts for the complexity of the survey design was used since BIAS IV is a complex survey 

design. The design involves stratification, clustering and unequal probability of selection. In 

statistical packages it is necessary to specify strata and cluster before fitting a statistical 

model. A method of maximum likelihood estimation suggested by Ayele et al., 2012 was used 

to estimate model parameters. 

In logistic regression, the probability of an event happening over the probability of an event 

not happening is calculated and is called the odds of an event which is given as 

Odds (Event)= _p_ 
l- p 

(38) 

Where p is the probability of an event happening and 1 - p is the probability of an event not 

happening (Peng et al., 2013). "With logistic regression the mean of the response variable pin 

terms of an explanatory variable x is modelled relating p to x through the equation p = a + /Jx 

" Park, 2013:155. However extreme values of x give values of a+ /Jx which do not lie 
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between 0and 1. This is solved by transforming the odds using the natural logarithms and this 

is modelled as a linear function of the explanatory variable. 

Logit(y)= ln(odds) 

= ln[_f!_] = a + fJx 
1-p 

(39) 

where pis the probability of the favourable outcome and xis the explanatory variable. The 

parameters of the logistic regression are a and /3 . This is the simple logistic model. 

Extending the simple logistic regression to multiple predictors gives 

Logit(y) = ln[_f!_] =a+ /3i x1 + /32 x 2 + ......... + f3kx k 
1-p 

(40) 

For the current study the dependent variable was HIV status which was categorised as 

positive/negative. The predictors were demographic and behavioural factors. Demographic 

variables included in the study were gender (female/male), marital status (married, never 

married, separated), age (15-49), education (none, primary, junior secondary, senior 

secondary, higher education), employment (fulltime, part-time, self-employed, seeking, too 

old to work, student), knowledge ( yes/ no), circumcision (yes/no), religion(Christian, Badimo 

others).Behavioural factors were age at first marriage (12-49), number of sexual partners ( 

1/>l, condom use(yes, sometime, never) and alcohol use( yes/no). Equation 18 was used to 

determine the effect of demographic and behavioural risk factors on the HIV/ AIDS 

prevalence rate in different districts in Botswana. Odds ratio was used to interpret the 

significance of risk factors and 95% confidence interval (CI) to describe the lower and upper 

limits of the odds. The model was fitted using SPSS 20. 

3.13.2 Evaluating goodness of fit 

Deviance and likelihood test 

The statistical significance of the independent variables (the socio-economic, demographic 

and geographical variables) was tested. Deviance is calculated by comparing a given model 

with the saturated model - a model with a theoretically perfect fit (Strikland, 2015). This 

computation is called the likelihood-ratio test. 

Dfittec! = -2ln L1 (41) 
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where 

L _ likelihoodof the fitted model 
i- likelihoodof the saturated model 

D represents the deviance 

Ln represents the natural logarithm (Strikland, 2015). 

The difference between a given model and the saturated model is called a deviance. When the 

values of the difference are smaller, the model is a better fit (Strickland, 2015). Contribution 

of a predictor or set of predictors can be assessed by subtracting the model deviance from the 

null deviance. 

D null =-2 In L2 

h L 
likelihoodof the null model 

w ere, 2 = 

Then, 

likelihoodof the saturated model 

Dfitted - Dnun = -21n L1 - (-2ln L2)) 

= - 2(1n L1 -In L2) 

= _ 
21

n likelihoodof the fitted model 
likelihoodof the null model 

(42) 

(43) 

If the deviance model is significantly smaller than the null deviance, then one can conclude 

that predictors or the set of predictors improve the fitted model significantly. 

Wald test 

Wald test like the likelihood ratio determine the significance of each predictor variable. It is 

an approximate of the Likelihood Ratio Test (LRT) with an advantage of testing the joint 

significance of several coefficients. In this study this test was used to determine whether a 

certain predictor variable is significant or not. 

The Wald test is given by: 

80 



(44) 

Predictor variables that have a large Wald test value and small p-value (0.05) indicate that the 

variable is significant. 

3.14. Ethical consideration 

The study uses secondary data of which protocol was submitted to the North-West University 

Human Research Ethics Committee and permission was granted. Permission was also sought 

from Statistics Botswana to use the data for analysis. 

3.15. Conclusion 

In this chapter, the data used in this study and how it was collected were discussed. The study 

area has been described and various statistical methods used to answer different research 

questions were presented. These methods include Moran statistic and Getis-Ord statistic to 

test for autocorrelation cluster respectively. Also discussed are the spatial interpolation 

methods which include Inverse distance weighting, kriging and nearest neighbour and the 

software's that will be used. Finally, the logistic regression which was used to identify socio

economic, demographic and behavioural factors that influence spatial distribution has also 

been discussed. 
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CHAPTER4 

DATA ANALYSIS AND RESULTS 

4.1. Introduction 

The objectives of this study were to ascertain the spatial distribution of HIV/ AIDS in some 

districts of Botswana using different spatial techniques and to determine the best spatial 

technique for Botswana. The study further intended to determine risk factors associated with 

the HIV/ AIDS in the selected districts and to identify the best spatial technique using 2013 

BAIS IV data. The first part of this chapter presents the descriptive and bivariate analysis of 

the demographic factors followed by autocorrelation analysis which was done using Moran's I 

and Getis-Ord General G statistics. This is followed by the detection of hot spots using 

Kulldorff scan, LISA and Getis-Ord Gi* statistics. Interpolation was done using the Inverse 

distance weighting (IDW), Natural Neighbour (NN) and Ordinary Kriging (OK) interpolation 

methods and logistic regression were used to determine significant risk factors. The analysis 

was done using Kulldorff SaTScan, Geo-Da, SPSS version 20 and ArcGIS IO.I software. 

Lastly continuous surface maps from the current study are compared with those from previous 

studies. 

4.2. Descriptive Statistics 

This section presents the results that help determine if there is a systematic cluster or random 

spread of HIV/AIDS in some districts in Botswana. To help determine clusters, a quantitative 

descriptive analysis was carried out; tables and graphs were used to display the results 

showing the distribution of HIV/AIDS in selected districts of Botswana. 

Distribution ofIDV/AIDS in selected districts of Botswana 

A total of 941098 participants between the ages of 15-49 years were included in the study and 

of these 116482 were HIV positive. Table 4.1 shows the population density for each selected 

district and the number of HIV positive individuals. Overall, 12.4% individuals were living 

with HIV/AIDS in the selected districts. Selebi-Phikwe had the highest percentage (18.6%) of 

people living with HIV/AIDS followed by Francistown, Central-Mahalapye, Kgatleng and 
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Central Boteti with prevalence of 15.7%, 13.8%, 13.5% and 13.4% respectively. Central 

Serowe and Ngamiland South had the least percentage of individuals living with HN/AIDS 

with prevalence of 9.7% and 7.5%. Table 4.1 shows that RN/AIDS prevalence is higher in 

the city (Francistown) and urban villages (Selebi-Phikwe, Kgatleng, Central Mahalapye and 

Central Boteti). 

Table 4.1 Distribution of HIV positive participants per district 

l>i,tri<-1 l'opul,tlion Ill\ l'"',1"~ 

Gaborone 127597 15864 

Francistown 67229 10565 

Selebi-Phikwe 32350 6025 

Southeast 47454 5882 

Kweneng East 176158 22217 

Kgatleng 51621 6966 

Central-Serowe 102878 9965 

Central-Mahalapye 85047 11752 

Central-Bobonong 51157 5930 

Central-Boteti 43437 5808 

Central-Tutu me 88902 10486 

Ngamiland South 67268 5022 

Total 941098 116482 

The spatial rates ofHN/AIDS are displayed in Figure 4.1 

11
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Figure 4.1 showing the spatial distribution of HIV/AIDS in Botswana 
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Figure 4.1 shows the spatial distribution of HIV/ AIDS where a darker brown colour indicates 

high HIV/AIDS prevalence, while a very light brown colour indicates a lower HIV/AIDS 

prevalence. Central-Mahalapye, Central-Serowe, Central-Bobonong Kweneng East, Kgatleng, 

Selebi-Phikwe and Gaborone had the highest HIV/AIDS prevalence followed by Central

Boteti, Central-Tutume and Francistown. Ngamiland south is the only district with least 

HIV/AIDS prevalence rate in study area. HIV/AIDS prevalence rates are high in the north east 

and southern part of the country. Botswana is bordered by Zimbabwe in the northeast and east 

which according to Avert (2016), has the fifth highest HIV/AIDS prevalence (15%) in sub

Saharan Africa. In the south and southeast Botswana is bordered by South Africa which has 

highest number of people living HIV and a prevalence rate of 12.2% (Avert, 2006; Simbayi et 

al. , 2014). 

Distribution ofIDV/AIDS in selected Botswana districts by Gender 

Table 4.2 HIV/AIDS positive individuals by Gender 

Gaborone 5951 37.5 9913 62.5 15864 

Francismwn 3600 34.1 6965 65.9 10565 

Selebi-Phikwe 2369 39.3 3656 60.7 6025 

Southeast 2733 46 .5 3149 53.5 5882 

K-nengF.ast 8470 38.1 13747 61.9 22217 

Kgatleng 2657 38.1 4309 61.9 6966 

Central- Serowe 4139 41.5 5826 58.5 9965 

Central-MaJwapJe 4723 40.2 7029 59.8 11752 

Central-Bobone:ag 1836 31.0 4094 69.0 5930 

Central-Bo-teti 1865 32.1 3943 67.9 5808 

Central-Tutume 3338 31.8 7148 68.2 10486 

Ngamiluul South 1823 36.3 3199 63.7 5022 

Total 43504 37.J 72!178 62.7 116482 

Table 4.2 shows the distribution of individuals living with HIV/AIDS by gender. 62.7% 

females and 37.3% men were living with HIV/AIDS. Among men living with the pandemic, 

southeast district had the highest percentage of men living with HIV/AIDS (46.5%) while 

Central Tutume and Central Bobonong had the least percentages (31.8% and 31.0%) 
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respectively. Generally more than 50% of females were HIV positive in most districts as 

compared to men. The highest percentages of women living the pandemic were found in 

Central-Bobonong (69.0%), Central-Tutume (68.2%) and Francistown (65.9%). 

Table 4.3 shows that almost half (47.7%) of the participants living with HIV/AIDS were 

never married, 37.3% were cohabiting/ living together while 3.8 were either widowed, 

divorced or separated. 

Table 4.3 Distribution ofIDV/AIDS individuals by Marital status 

Dismcis Man:ied o/.t o/o Living Together Pen:ent Others 

GooroM 1388 8.7 5311 33.4 8227 14.7 939 59 15865 

Francismwn 1743 16.5 4175 39.5 4117 39.0 529 5.0 10.564 

Selebi-Plaikwe 906 15.0 2818 46.8 2126 35.3 176 09 6026 

Southeast 899 15.3 2151 36.6 2703 46.0 129 22 5882 

KweMngwt 2556 11.5 11265 50.7 8396 37.8 22217 

K;atleng 468 6.7 4281 61.5 2216 31.8 6965 

Central- Senwe 842 8.4 5358 53.8 3557 35.7 208 2.1 9965 

C/Malaabpye 815 6.9 6734 57.3 3681 31.3 521 1.4 11751 

C/Bobonong 182 3.1 2636 44.5 2555 43.1 551 9.4 5930 

Ce•tral-Beieti 682 11.7 2617 45.1 2294 39.5 215 3.7 5808 

Central-T-1tnun.e 1166 11.1 5248 50.0 2895 27.6 1178 11.3 10487 

Npinilani South 1362 27.1 2926 58.3 734 14.6 0 5022 

Total 13009 11.2 55520 47.7 43501 37.3 4452 3.8 116482 

Ngamiland South, Central Mahalapye, Central Serowe, Kweneng East and Central Tutume 

having higher percentages of 61.5%, 58.3%, and 57.3%, 53.8%, 50.7% and 50.0% 

respectively. Among the married participants, 27.1%) live in Ngamiland South 16.5% in 

Francistown and 15.3% in Southeast Central Bobonong (3.1%) had the least percentage of 

married individuals living with HIV/AIDS. Gaborone and Ngamiland South had 14.7% and 

14.6% respectively, of its participants living together while the remaining districts had over 

30% of their participants living together. Central Tutume had 11.3% of its individuals 

divorced, widowed or separated while Selebi-Phikwe had a least of 0.9%.More than 30% of 

the individuals were never married in most districts with Kgatleng. 
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Figure 4.2 it can be seen that HIV prevalence rate is at its peak between the ages 30-34 and 

35-39 years with 21.5% and 21.4% The rate is lower for the ages 45-49 years (13.8%).The 

districts which had higher prevalence rates per ages group were Ngamiland South and 

Central-Serowe (6.1% and 6.2%) for the age group 15-19 years, Central-Tutume (14.0%) for 

the age group 20-24 years, Ngamiland South(25.1 %) for the age group 25-29 years and 

Southeast(31.3%) for the age group 30-34 years, Central-Serowe (34.5%) for the age group 

35-39 years, Gaborone(25.4%) for the age group 40-44 years and Central Serowe (24.1%) for 

the age groups 45-49 years. Ngamiland South had lower HIV prevalence rates for the ages 40-

44 and 45-49 years and Central Mahalapye for the ages 15-15 and 20-24 years. 
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Table 4.4 Distribution of HIV/AIDS individuals by Education 

Gaborone 14i8 9.3 0 0 3140 20.4 6940 431 1056 6.7 3250 20.5 15964 

Frmcistov,n 612 5.8 0 0 1880 17.8 L422 41 9 2351 22.3 13)0 12.3 10565 

Selebi.Phikwe 227 3.8 101 1.7 1567 26.0 2210 36 7 1271 21 .1 649 10.8 6025 

Southeast 41 J 7.0 315 5.4 430 8.2 2348 399 1460 24 .8 8E9 14.8 5882 

Kweneng East 607 2.7 0 0 5743 25 .8 10944 49 3 1492 6.7 3432 15.4 ~2218 

Kgatleng 0 0 0 0 1560 22.4 3219 462 1713 24.6 474 6.8 6963 

Central-Serowe 1362 13.'i 0 0 2t96 25.0 l36l 439 1102 11 .1 641 6.4 9965 

Central-Mahalapye 444 3 .8 219 1.9 3W7 27 .3 6667 56 7 490 4.~ 7~4 6.2 11751 

Central-Bobonong 45) 7.6 0 0 1975 33.3 1862 31 4 1644 27.2 ( ) 5931 

Central-Boteti 621 10.7 0 0 1127 19.4 3259 561 516 8.~ 2E4 4.9 5807 

Central-Tttume 773 7.4 168 1.6 3885 37.0 3926 37 4 679 6.e 1050 10.0 10487 

Ngamlland Sooth 88 1.8 0 0 1i10 34.1 1223 443 · 23 2.4 878 17.5 5022 

Total 7078 6.1 803 0.7 28870 24.8 52284 44.9 13897 11,9 13551 11.6 116483 
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Table 4.4 shows that 7078(6.1%) of the participants living with HIV/AIDS pandemic had no 

education, 803(0.7%) had non-formal education, 28870 (24.8%) had primary education, 

52284(44.9%) had junior secondary education, 13897 (11.9%) had senior secondary 

education and 13551(11.6%) had higher education. This implies that majority of participants 

living with HIV/AIDS had attained junior secondary school in most districts. In Central 

Mahalapye and Central Boteti, over 50% of the participants had attained junior secondary 

school. All most 70% of the participants living with HIV/ AIDS in the selected districts had 

either primary or junior secondary education. All most equal percentages had either senior or 

higher education. Gaborone, Francsitown, K weneng East, Kagtleng, Central Serowe, Central 

Bobonong, Central Boteti and Ngamiland South had no participants with non-formal 

education. In Kgatleng the least educated participant had primary education. 

Table 4.5 Distribution ofIDV/AIDS positive individuals by Religion 

F'EL11:¥ 1 II 
[11 :!II' t T,:,t=.1 

Gaborone 12107 76.3 1906 12.0 1483 9.3 15864 

Francistown 9708 91 .1 59 0.6 798 7.6 10565 

Selebi-Phikwe 5381 89.3 53 0.9 590 9.8 6024 

Southeast 4936 83.9 153 2.6 794 13.5 5883 

Kweneng East 18903 85.1 1668 7.5 1646 7.4 22217 

Kgatleng 4876 70.0 447 6.4 1643 23.6 6966 

Central-Serowe 7203 72.3 1009 10.1 1753 17.6 9965 

Central-Mahalapye 9116 77.6 444 3.8 2192 18.6 11752 

Central-Bobonong 5348 90.2 152 2.6 430 7.3 5930 

Central-8 oteti 4873 83.9 184 3.2 751 12.9 5808 

Central-Tutume 9306 88.7 869 8.3 311 3.0 10486 

Ngamiland South 4470 89.0 266 5.3 286 5.7 5022 

Total 96227 82.6 7210 6.1 32397 27.8 116482 

Table 4.5 indicates that HIV/AIDS prevalence rate was high (82.6%) among christians 

followed by those who had other religion (27.8%) and lastly those of Badimo religion (6.2%). 

Over 90% of participants living with HIV/AIDS in Francistown and Central-Bobonong 

districts were Christians. Generally above 70% of the participants were Christians. Gaborone 

and Central Serowe had the highest percentage ofBadimo followers (12.0% and 10.1%) while 

Francistown and Selebi-Phikwe had the lowest (0.9% and 0.6%). Among participants who 

belong to other religions, Kgatleng had the highest of 23.6% followed by Central-Mahalapye 
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and Central Serowe with 18.6% and 17.6%. Only 3.0% of Central Tutume's participants 

belong to other religions. 
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Table 4.6 Distribution of HIV/AIDS positive individuals by Employment. 

Gaborone 10722 67.6 1051 6.6 736 4.6 0 0 1177 7.4 368 2.3 1075 6.8 15865 

Francismwn 4728 44.8 891 8.4 880 8.3 0 0 2631 24.9 609 5.8 573 5.4 10565 

Selebi-Phikwe 3292 54.6 467 7.8 335 5.6 120 2 1561 25.9 106 1.8 144 2.4 6025 

Southeast 3079 52.3 487 8.3 240 4.1 0 0 1651 28.1 185 3.1 240 4.1 5882 

KwenengEast 8050 36.2 2487 11.2 365 1.6 1824 8.2 5497 24.7 1948 8.8 2046 9.2 22217 

Kgatleng 3603 51.7 218 3.1 324 4.7 379 5.4 1685 24.2 156 2.2 600 8.6 6965 

Centn.1-Serowe 3024 30.3 1041 10.4 991 9.9 1514 15.2 1887 18.9 622 6.2 0 0 9965 

Centn.1-Mahabpye 2583 22.0 1005 8.6 494 4.2 796 6.8 5775 49.1 134 1.1 965 8.2 11752 

Centn.1-Bobonong 1429 24.1 551 9.3 914 15.4 953 16.1 1505 25.4 182 3.1 396 6.7 5930 

Centn.1-Boieti 1124 19.4 811 14.0 399 6.9 557 9.6 2237 38.5 172 3.0 510 8.8 5810 

Centn.1-Tutume 3452 32.9 1351 12.9 712 6.8 1808 17.2 1801 17.2 207 2.0 927 8.8 10485 

Ngamiland South 2072 41.3 336 6.7 382 7.6 266 5.3 1659 33.0 134 2.7 172 3.4 5021 

Total 47158 40.5 106!16 !1.2 6772 5.8 8217 7.1 2!1066 25.0 4823 4.1 7648 Ii.Ii ll6482 
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Table 4.6 show that IIlV/AIDS prevalence was higher among individuals who had full-time 

employment (40.5%) followed by those who were actively seeking employment (25.0%). For 

those who were self-employed, worked on part-time, worked in the cattle post, students and 

pensioners, IIlV/AIDS prevalence was below 10% ( 9.2%, 5.8%, 7.1% 4.1%, 6.6%). 67.6% of 

the participants living with IIlV/AIDS were on full-time employment in Gaborone, 54.6% in 

Selebi-Phikwe, 52.3% in Southeast, 51. 7% in Kgatleng and Central Boteti had the least of 

19.4%. Prevalence rate for those who worked on part-time was higher in Central Boteti, Central

Tutume, Kweneng East and Central- Serowe (14.0%, 12.9%, 11.2%, and 10.4%) and Kgatleng 

had the lowest of 3 .1 %. 

Central Bobonong had 15.4% of its individuals living with IIlV/AIDS working on part-time and 

this is almost three times the overall of individuals living with IIlV/AIDS in the selected 

districts. Prevalence rate was higher in Central-Tutume (17.2%), Central-Bobonong (16.1 %), 

Central-Serowe (15.2%) and least in Selebi-Phikwe (2.0%) for individuals who worked in the 

cattle post. Generally over 20% of the participants were actively seeking employment with the 

highest percentages in Central-Mahalapye and Ngamiland South (49.1% and 33.0%). There were 

more students living with IIlV/AIDS in Kweneng East district (8.8%), Central-Serowe (6.2%) 

and Francistown (5.8%). Central-Mahalapye and Selebi-Phikwe had the least percentages of 

students living with lilV / AIDS ( 1. 1 % and 1.8% ). K weneng East district had the highest 

percentage (9.2%) of pensioners living with IIlV/AIDS followed by Central-Tutume (8.8%), 

Central-Boteti (8.8%), Kgatleng (8.6%) and Central Mahalapye (8.2%). The lowest percentages 

of pensioners living with IIlV/AIDS were in Selebi-Phikwe (2.4%) and Ngamiland South 

(3.4%). 

4.3. Spatial analysis 

In this section first autocorrelation is done to determine spatial patterns of lilV / AIDS followed 

by hotspot analysis to identify districts with excess numbers of lilV / AIDS relative to the overall 

average. Finally interpolation is carried out to determine the best method for analysing the spatial 

distribution of IIlV/AIDS using 2013BAIS IV data. The surface maps were created using 

ArcGIS 10.1. 

91 



4.3.1. Exploratory spatial data analysis 

There is a need to gain a better understanding of the dataset under study so as to make better 

decisions especially when creating a surface using interpolation methods. Interpolation methods 

give best results when the dataset is normally distributed. (Arc GIS 10, 2009) . 
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Figure 4.3 Histogram showing distribution of HIV/AIDS 
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For this study, exploratory spatial data analysis (ESDA) was employed out to examine if the 

dataset for the study conforms to the above conditions. To test for normality in the data, a 

histogram was plotted to examine the distribution of the dataset and the results are shown in 

Figure 4. 3. There is evidence that the dataset is normally distributed since the mode (12.4) 

almost equal to the median (12.5). 

4.3.2. Autocorrelation analysis 

The autocorrelation analysis was employed to identify spatial patterns of HIV/ AIDS in Botswana 

selected districts. To help identify this, Moran' I was used to measure the extent of correlation of 

HIV/AIDS among neighbouring districts and the results are shown in Table 4.8 
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Table 4 7. Moran's Index for spatial autocorrelation of HIV/AIDS 

A Moran's Index value of0.1359 and p-value of 0.0481 for HIV/AIDS in the selected districts of 

Botswana was obtained. This value is significant and confirms that there were spatial patterns in 

the occurrence of HIV/ AIDS in the selected districts of Botswana. These results were in 

agreement with the result obtained in descriptive statistics. 

4.3.3. Getis-Ord general G 

Getis-Ord General G statistic a global statistic that is used to determine spatial clustering by 

value with respect to the study area was calculated and the results are shown in Table 4.9. 

Table 4.8 Getis-Ord General G 

t1P1Pt1iildliN= 
_0.5044 

A z-score value of 2.4101 and p-value of 0.0160 were obtained indicating that the pattern is less 

likely to be a result of random chance. These results indicate that there was evidence of high 

cluster patterns in the occurrence of HIV/ AIDS in the selected districts of Botswana. Results 

obtained from descriptive statistics, Moran's I index and Getis-Ord indicated that there were 

spatial patterns in the occurrence of HIV/ AIDS in the districts selected for this study in 

Botswana. 

4.3.4. Hot Spot Analysis results 

Hot spot is a condition indicating some fonn of clustering in a spatial distribution (Osei and 

Duker, 2008). These are geographical areas that have excess numbers of HIV/AIDS relative to 

the overall average. In this study hot spots were analysed using Local Indicator of Spatial 
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Association (LISA), Kulldorff Scan and Getis-Ord Gi* statistics and the results are presented in 

the next sections. 

4.3.5. Local Indicator of Spatial Association results 

The LISA cluster and significant maps are shown in Figures 4.4(a) and 4.4(b). 

-l l 
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\, .. ~ -

Not Significant (17) _,-, □ 
High-High (1 ) 

Not Significant (17) 

□ p = 0.05 (3) 
Low-Low (2) • p = 0.01 (0) ,,, Low-High (0) • p = 0.001 (0) • .r 

□ High-Low (0) • p = 0 .0001 (0) • Neighborless (7) 

■ Neighborless (7) 

Figure a Figure b 

Figure 4.4 LISA Cluster Map and LISA Significance Map (For district names refer to Figure 

3.4) 

There is one district with high-high ( districts with high HIV/ AIDS prevalence rates surrounded 

by districts with also high HIV/AIDS prevalence rates) and this is Central-Serowe. There are two 

districts with low-low rates of HIV/AIDS (district with low HIV/AIDS prevalence rate 

surrounded by districts with low prevalence rate) and these are Ngwaketswe and Kgalagadi 

north. There are also no districts with low-high ( districts with low HIV/ AIDS prevalence rate 

surrounded by districts with high prevalence rate) and high-low (districts with high HIV/AIDS 

prevalence rate surrounded by districts with low HIV/AIDS prevalence rate). Both clusters are 

significant at 5% significance level (Figure 4.4b). 
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4.3.6. Kulldorff's spatial scan results 

Kulldorff scan is both deterministic and inferential. That is, it locates clusters and allows 

hypothesis testing and evaluates the significance. However, its major setback is that it does not 

allow viewing of created clusters and the centre location and radius for each cluster is available 

as a text only (Mala and Sengupta, 2013). This is presented in Table 4.9 which is the summary of 

Kulldorff SaTScan results of HIV/AIDS primary cluster in Botswana. 

Table 4.9 HIV/AIDS clusters in Botswana districts using Kulldorff Sat scan 

Serowe 1273 9963 1411.55 783519.7 7.06 7.63 11248.11 <0.001 

Selebi-Phikwe 769 6025 9234.l 60357.7 0.65 1.36 265.11 <0. 001 

Francistown 1350 10565 13670 134692.8 0.77 1.16 100.68 <0.001 

Central-
1232.5 11752 7022.81 93716.5 1.67 1.01 0.28 0.998 

Mahalapye 

Figure 4.9 indicates only one primary cluster in the study area with a Log likelihood of 

11248.11, a p-value of 0.000000000000001 and a relative risk of 7.63. A risk factor of 7.63 

indicated that the risk of getting infected by HIV/AIDS inside the primary cluster (Central

Serowe) was 7.6 times more than the risk outside the cluster. This implies that individuals 

residing Central-Serowe district were 7.6 times more likely to acquire HIV/AIDS infection than 

those residing outside the district. In the district there are 9965 number of cases with 1411.55 

expected cases and a population of 1273 which is the average population of the cluster which is 

taken over the whole study period. The annual rate per 100 000 is the number of cases (HIV 

positive) calculated taking into account leap years and is based on the length of the year. 

In addition to the primary cluster, the software detected three secondary clusters and these were 

Selebi-Phikwe, Francistown and Central-Mahalapye. Individuals residing in Selebi-Phikwe and 

Francistown were 1.4 and 1.2 times more likely to get infected by HIV/ AIDS than individuals 
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living outside the districts. The relative risk for Central-Mahalapye was almost one, indicating 

that the chance of getting infected inside the district is the same as outside the district. Selebi

Phikwe and Francistown were significant secondary clusters with Log-likelihood 265.11 and 

100.68 and p-value less than 0.05 respectively. Central-Mahalapye with a Log-likelihood of 0.28 

and a p-value of 0.998 was not a significant secondary cluster. 

4.3.7. Getis- Ord Gi* results 

Getis- Ord Gi * was applied in ArcGIS 10. l also to detect hot spot clusters of HIV/ AIDS and the 

results are shown in Figure 4.5 . 

0 Nol Significant (16) 

• High(1) 

• Low(3) 

• Neighborless (7) 

,-~,~ 
-. • 1~ 

• 
Nol Significant (16) 

p = 0.05 (1) 

p = 0.□1 (3) 

p = 0 .001 (0) 

p = 0 .0001 (0) 

Neighborless (7) 

Figure 4.5 Gi* Cluster Map and Significant Map (For district names refer to Figure 3.4) 

The results show one district that had high HIV/AIDS prevalence rate (Central-Serowe) with a p

value of 0.05 and three district that had low HIV/AIDS prevalence rate with p-value of 0.01. 

These are Kgalagadi South, Kgalagadi North and Ngwakwetse. These findings are in support of 

LISA and Kulldorff SaTScan statistics. From these results it can be concluded that Central 

Serowe was the epicentre of HIV/ AIDS in Botswana. An epicentre is an area with high 

HIV/AIDS concentration. Central-Serowe is surrounded by Central-Mahalapye, Selebi-Phikwe 
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and Francistown. Descriptive analysis showed that these districts have high HIV/ AIDS 

prevalence in the selected study area. 

4.4. Interpolation 

In this section spatial distribution of HIV/ AIDS was performed using three different Kriging 

interpolation methods and the best Kriging method was chosen. This method together with 

Inverse Distance Weighting (IDW) and Natural Neighbour (NN) were combined to determine 

the best interpolation method for analysing the spatial distribution of HIV/ AIDS in Botswana 

using 2013 BAIS IV. The interpolation methods were performed using the geostatistical analyst 

extension within the geographical information system ArcGIS (Version 10.1. 

4.4.1. Spatial distribution of HIV/AIDS using Ordinary, Simple and Universal 

Kriging methods 

Firstly, different kriging methods were used to analyse the spatial distribution of HIV/AIDS with 

the aim of choosing the best kriging method. Maps showing these kriging interpolation methods 

are shown in Figure 4.6. 

Ordinary Kri gi ng Simple Kriging Universal Kriging 

Figure 4.6 Maps of Ordinary, Simple and Universal kriging for HIV/AIDS 

• 0 -5,99 
. 5,99 -9,16 
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10,83 - 11,71 
11,71 -12,17 
12, 17 - 12,42 
12,42 - 12, BS-

• 12,88 -13,76 
• 13,76 -15,43 
• 15,43 -18,6 

Ordinary kriging and universal kriging maps show the same spatial distribution of HIV/AIDS. 

The maps indicate that HIV/ AIDS is concentrated in the southern parts northern and central parts 

of Botswana. The intensity of the disease becomes less as it spreads out towards the western 
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parts of the country. According to the results displayed in Figure 4.11, it is difficult to choose the 

best kriging methods. The cross validation procedure which calculates prediction errors was 

employed to determine the best kriging method. 

Table 4.10 shows the estimated errors from the cross validation procedure for ordinary kriging, 

simple kriging and universal kriging. 

Table 4.10 Prediction errors for different kriging methods 

Ordinary 6.3172 -0.02067 4.1728 

Simple 6.3263 -0.0106 4.8147 

Universal 6.8089 -0.02295 7.5531 

Table 4.10 shows that ordinary kriging had the least values of RMS (6.3172), MS (-0.02067) and 

AVE (4.1728) followed by simple kriging with RMS (6.3263) and AVE (4.8147). Simple 

kriging had highest values of RMS (6.8089), AVE (7.5531) and a second least value for MS (-

0.02295). Overall, ordinary kriging had the least error values and hence was chosen as the best 

kriging method to analyse the spatial distribution of HIV/ AIDS in Botswana using 2013 BAIS 

IV. In addition to having the least errors, it is the most basic and popular kriging method 

(Webster et al., 1994; Zulu et al., 2014 (Sentianto and Triandini, 2013: Azpurua and Ramos, 

2010: Gou et al., 2010: Zimmerman et al., 1999).). 

4.4.2. Spatial distribution of HIV/AIDS IDW, OK NN interpolation techniques 

The interpolation procedure was carried out using the methods: inverse distance weighting 

(IDW), Ordinary kriging (OK) and Nearest Neighbour. The results of each interpolation 

technique were represented on the study map in Figure 4.7. 
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Figure 4.7 Natural Neighbour, Inverse Distance Weighting and Ordinary Kriging Maps 

The dots represent the districts of Botswana and the intensity of HIV/ AIDS infection is 

represented using a colour scale where lower values are represented in green and the higher 

values in light purple. The natural neighbour map shows one district that has highest HIV/ AIDS 

prevalence rate. The prevalence rate decreases as we move to the western part of the country. In 

IDW map shows one district (Selebi-Phikwe) with a prevalence rate higher than 16.3%. 

The prevalence rate decreases towards the western part of the country. In ordinary kriging map 

HIV/AIDS is higher in Selebi-Phikwe, Central-Bobonong and Central-Mahalapye. Like other 

methods, the prevalence decreases as we move to the western part of the country. Generally the 

maps show a wide geographical disparity of HIV/ AIDS with the north-eastern and central 

districts having higher prevalence compared to the western districts. 

4.4.3. Comparison of interpolation methods 

In this section the effectiveness of inverse distance weighting, natural neighbour and ordinary 

kriging interpolation methods are examined. The root mean square error (RMSE used to 

determine the effectiveness of interpolation methods. RMSE for IDW, NN, OK was calculated 

in ArcGIS 10.1 (Johnston, et al., 2001) and the results s are shown in Table 4.11 
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Table 4.11 Showing RMSE for the three interpolation methods 

Ordinary Kriging 6.3263 -0.2085 

Nearest neighbour 6.84154 0.321723 

Inverse distance weighting 7.1812 0.5394 

Table 4.11 results indicate that of the interpolation methods used to determine the spatial 

distribution of HIV/AIDS in Botswana, ordinary kriging was the best method. Generally, the 

RMSE value of the stochastics technique (Ordinary Kriging) was lower than for the deterministic 

technique (Inverse distance weighting and Natural Neighbour). Ordinary kriging interpolation 

proved to be most likely to produce the best spatial continuous surface for HIV/ AIDS 

prevalence. 

4.5. Logistic Regression results 

In this section logistic regression was employed to determine risk factors that are associated with 

high prevalence rate of HIV/ AIDS in some districts of Botswana. The variables that were 

considered are gender, education, marital status, employment, and place of residence, religious 

affiliation, circumcision status, and use of condoms, use of alcohol, and number of sexual 

partners, knowledge and age at first marriage. Odd ratio (OR), a measure of association between 

an independent variable and dependent variable was used to interpret regression. 

Odds ratio 

The odds ratio (OR) is a comparative measure of two odds relative to different events. For two 

events A and B, according to Park, 2013 the corresponding odds of A occurring relative to B 

occumng ts 

oddslAI 
Odds ratio IA vs Bl = I I 

oddsB 
(22) 

OR represents the odds that an outcome ( e.g. HIV/ AIDS) will occur given a particular exposure 

(e.g. alcohol abuse, condom use) compared to the odds of the outcome occurring in the absence 

of that exposure. It can be used to establish if a particular exposure is a risk factor for a particular 
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outcome and compare the significance of various risk factors for that outcome (Parks, 2013). If 

OR = 1, it indicates that the exposure does not affect odds of outcome, OR> 1 indicates exposure 

associated with high odds of outcome and OR < lindicates exposure associated with lower odds 

of outcome. OR is the exponential function of the regression coefficient ( eb1 
) . 

This tells us that p1 represents the change in the odds of an outcome for an increase in one unit 

of X (the independent variable). A positive value of p1 indicates that the odds would increase 

while a negative indicates that the odds would decrease. 

Logistic regression was performed for each of the selected districts of this study and the 

significant factors were determined using the p-value and Wald test. The likelihood ratio test was 

used to determine the goodness of fit for the models. Only the significant risk factors were 

reported and the results are summarised in Tables 4.12 through 4.17. 

Risk factors associated with HIV/ AIDS in Gaborone district. 

The logistics was statistical significant with a %(; )= 3917.667 and a p-value less than 0.005.The 

model explained 54.7 % ((R 2 ) of the variance of HIV/AIDS and correctly classified 97.4% of 

the cases. 
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Table 4.12 Risk factors associated with HIV/AIDS in Gaborone district 

\ ,II i.thl, B \\ .tld ~I~ . I \p(BI •!:-" ., <I to, 1.\P(HJ -Higher (Ref) 304.126 .000 

Primary .536 6.893 .009 1.709 1.145 2.549 
Education 

Junior Sec 7.758 298.265 .000 2339.81 970.114 5643.406 

Senior Sec .838 14.689 .000 2.311 1.506 3.548 

Circumcision No(Ref) - 157.624 .000 - - -

Yes -4.385 256.937 .000 .012 .007 .021 

15-19 - 459.881 .000 - - -

25-29(Ref) -2.084 34.622 .000 .124 .062 .249 

Age 30-34 1.690 30.637 .000 5.420 2.979 9.862 

35-39 3.043 104.307 .000 20.972 11.695 37.607 

40-44 5.140 234.713 .000 170.662 88.425 329.381 

Yes (Ref) - 550.947 .000 - - -

Condom use Never 5.811 449.624 .000 333.837 195.109 571.202 

Sometimes -.788 25 .046 .000 .455 .334 .619 

!(Ref) - 30.51 .000 - - -
No of sex partners 

2 or more 2.235 50.199 .000 9.347 5.037 17.346 

No(Ref) - 286.245 .000 - - -
Alcohol 

Yes 4.060 239.669 .000 57.985 34.680 96.951 

Table 4.12 shows the variables, condom use, number of sexual partners, age at first marriage, 

circumcision and education were significant risk factors that increased the prevalence rate of 

HIV I AIDS in Gaborone. Having primary education was not protective against HIV/ AIDS 

infection as it increased by 70.9% [OR = 1.709, 95% CI (1.145-2.549), p -value= 0.000] and the 

odds of those with junior secondary education was significantly high [OR= 2339.82, 95% CI 

(970.11-643.4), p= 0.000]. 

Older individuals have a higher chance of being infected by HIV/AIDS as compared younger 

individuals. For instance, the odds of being HIV positive increased 5.4 times [OR= 5.42, 95% 

CI (2.979-9.862), p= 0.000], 20.97 times [OR=20.97, 95% CI 911.695-37.607), p=0.000] and 

170.66 times [OR=l 70.66 95% CI (88.425 - 329.381), p=0.000] when the participant's age was 

between the ages of 30-34 years 35-39 years and 40-44 years respectively. Moreover, not using 

condoms during sexual intercourse increased the chance of being HIV positive by 333.84 

[OR=333.84, 95% CI (195.11-571.20), p=0.000]. Using condoms sometimes had increased the 
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chance of getting HIV/AIDS infection by 0.455 (OR=0.455, 95% CI (0.334-0.619), p=0.000]. 

The chance of being HIV positive increased for individuals who engaged in multiple sexual 

relationships [OR=9.347, 95%CI (5.04-17.35), p=0.000], and drinking alcohol were 58 times 

[OR= 57.99, 95% CI (34.68-96.95), p=0.000] more likely to get HIV/AIDS infection than those 

who did not drink 

Risk factors associated with HIV/ AIDS Prevalence in Francistown 

Table 4.13 gives a summary of logit model for risk factors of HIV/ AIDS in Francistown. 

Table 4.13 HIV/AIDS factors in Francistown 

\ a1i.1hk B S.I. \\ ,lid ~i~. I \fll Bl l):,"., ( .1.1111 I \jllB) -None(Ret) - - 208.743 .000 - - -

Primary .720 .131 30.372 .000 2.055 1.590 2.654 
Education 

Junior secondary 4.667 .354 173.725 .000 106.406 53.156 213 .000 

Senior secondary .856 .147 33.860 .000 2.353 l.764 3.139 

No(Ret) - - 57.324 .000 - - -
Circumcision 

Yes -.582 .145 16.140 .000 .559 .421 .742 

15-19 (Ref) - - 251.698 .000 - - -

30-34 -2.460 .241 104.483 .000 .085 .053 .137 
Age 

35-39 .584 .235 6.172 .013 1.793 1.131 2.842 

40-44 -1.035 .198 27.452 .000 .355 .241 .523 

l(Ret) - - 214.364 .000 - - -
Sexual partners 

>2 1.692 .127 176.918 .000 5.431 4.232 6.969 

No(Ret) - - 162.895 .000 - - -
Alcohol 

Yes 1.937 .133 210.727 .000 6.940 5.343 9.014 

In Francistown, the variables age, education, number of sexual partners, circumcision and 

alcohol had significant effect on the prevalence of HIV/AIDS. Individuals who had primary 

education were 2.l(OR= 2.055, 95% CI 1.59-2.65(), p=0.001], those with junior secondary 

education were 106.4 [OR= 106.4 95% CI= (53.16-213.00), p=0.00] and those with senior 

secondary were2.4 (OR=2.35, 95% Cl (1.76-3.14), p=0.00 times more likely to be HIV positive 

as compared to those who had no education. Those who took alcohol were 6.9 times likely to be 

HIV positive as compared to those who did not take alcohol. Individuals who had a multiple 
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partners were 5.3 times more likely to be HIV positive. Individuals in ages 30-34 years, 35-39 

years and 40-44 years were 0.085, 1.79 and 0.36 times more likely to be HIV positive than those 

in the ages 15-19 years. 

Risk factors associated with HIV/AIDS prevalence in Selebi-Phikwe, Central Bobonong, 

Central Boteti, Kagtleng, Southeast and Ngamiland South 

The regression logistic model explained all the variations of HIV/AIDS with R 2 = 100% and 

correctly classified 92.9% of the cases. Selebi-Phikwe, Central Bobonong, Central Boteti, 

Kagt1eng, Southeast and Ngamiland South had similar risk variables. These were employment, 

age at first marriage, number of sexual partners, use of condoms and alcohol. The results are 

presented in Table 4.14. 

Table 4.14 Risk factors associated with HIV/AIDS prevalence in Selebi-Phikwe, Central 

Bobonong, Central Boteti, Kagtleng, Southeast and Ngamiland South 

\ . 11 ,.,hk B .... . , . \\ .lid ~I!,! . ~ ,pi Bl '!:- "" ( . I. I , pi Bl 

-Full-time(Ret) - - 7.043 .217 - - -
Employment Self-employed .505 .190 7.040 .008 1.658 1.141 2.408 

12-19(Ret) - - 129.116 .000 - - -

Age at first marriage 20-29 -4.346 .384 127.829 .000 .013 .006 .028 

30-39 -5.339 .489 119. 141 .000 .005 .002 .013 

No(Ret) - - 286.245 .000 - - -
Alcohol use 

Yes -4.060 .262 239.669 .000 .017 .010 .029 

No(Ret) - - 550.947 .000 - - -

Condom use Yes -6.599 .283 541.887 .000 .001 .001 .002 

Sometimes -5.811 .274 449.624 .000 .003 .002 .005 

>2 - - 34.584 .000 - - -
Sex Partner 

1 -2.235 .315 50.199 .000 .0.107 .058 .199 

According to the findings, being self-employed increased the risk of being HIV positive by 

65.8%; (OR = 1.6508, 95% CI (1.14-2.41 ), p= 0.000] as compared to being a full-time employee. 

Delaying marriage in Selebi-Phikwe, Central Bobonong, Central Boteti, Kgatleng, Southeast and 
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Ngamiland South districts reduced the chance of being HIV positive by 0.013 [OR= 0.013, 95% 

CI (0.006-0.028), p=0.000] and 0.005 [OR = 0.005, 95% CI (0.002-013), p=0.00] times in the 

ages 20-29 years and 30-39 years compared to those who married when they were young. 

Having a single sexual partner reduced the chance of being HIV positive by 0.107 [OR= 0.107, 

95% CI (0.058-0.199), p = 0.000]. The risk of HIV/AIDS infection was reduced by 98.3% 

[OR=0.017, 95% CI (.010 - .029) p=0.000] in respondents who did not drink alcohol. Using 

condoms is very critical in the prevention of HIV/ AIDS and other risk factors such as sexually 

transmitted infections. The chance of getting infected by HIV/AIDS was decreased by 0.00I[OR 

=0.001 , 95% CI (0.001-0.002), p = 0.000] for those who used protection always and 0.003 [OR = 

0.003, 95% (0.002 -0.005), p= 0.000] for those who sometimes used condoms compared to those 

who never used condoms. 

Risk factors associated with HIV/AIDS prevalence in Kweneng East District 

A logistic regression was performed to determine the factors that contribute to the spatial 

distribution of HIV/AIDS in Kweneng East district. The logistic regression was statistical 

significant with a .%(; )= 1033.196 with a p-value less than 0.005. The model explained 65.6% ( 

R 2 ) of the variance in HIV/AIDS and correctly classified 99.3% of the cases. 

Kweneng East district is an urban village and is composed of Molepolole, Thamaga, Gabane, 

Mogoditshane and Kopong villages. Education, age at frrst marriage, number of sexual partners, 

use of condoms and alcohol were significantly associated with the prevalence of HIV/ AIDS in 

Kweneng East district. The results are presented in Table 4.15. 
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Table 4.15 Risk factors associated with HIV/AIDS prevalence in Kweneng District 

\ ,II ,.,hll' B "·' · \\ .,Id ..... !,!. I ,p1B1 '15"" < . I. I ,p1 Bi -Higher(ref) - - 304.126 .000 - - -

Junior Sec 7.758 .449 298.265 .000 2339.81 970.114 5643 .406 
Education 

Senior Sec .838 .219 14.689 .000 2.311 1.506 3.548 

12-19(Ref) - - 129.116 .000 - - -
Age at first marriage 

20-29 -4.346 .384 127.829 .000 .013 .006 .028 

30-39 -5.339 .489 119.141 .000 .005 .002 .013 

Alcohol use No(Ref) - - 286.245 .000 - - -
Yes 4.060 .262 239.669 .000 57.985 34.680 96.951 

No(Ref) - - 550.947 .000 - - -

Yes -6.599 .283 541.887 .000 .001 .001 .002 
Condom use 

Sometimes -5.811 .274 449.624 .000 .003 .002 .005 

>2(Ref) - - 34.584 .000 - - -
No of Sex Partners 

1 2.235 .315 50.199 .000 9.347 5.037 17.346 

Individuals who had junior and senior secondary education were 2339.82 [OR=2339.8, 95% CI 

(970.11-5643.4), p=0.000] and 2.31 [OR=2.311, 95% CI (1.506-3.548), p=0.000] times more 

likely to be HIV positive compared to those with higher education. Getting married when an 

individual is older reduced the chance of being HIV positive by 0.013 and 0.005 in the ages 20-

29 years and 30-39 years respectively. Individuals with a single partner were 9.35 times more 

likely to be HIV positive compared to those with multiple partners. Using condoms always 

reduced the chance of acquiring HIV/AIDS infection by 0.001 [OR=0.001, 95% CI (90.001 0-

.002), p=0.000] and 0.003 [OR=0.003, 95%CI (0.002-0.005), p=0.000] for those who sometimes 

use condoms. 

Risk factors associated with HIV/ AIDS in Central Serowe and Central Tutume 

The logistic regression model was statistical significant with %(7)= 3917.667 and p< 0.005. 65.6 

% (R 2 ) variance in HIV/AIDS bas been explained by the model and 99.2% of the cases were 

correctly classified. In Central Serowe and Central Tutume, employment, age at first marriage, 
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alcohol and use of condoms were risk factors associated with HIV/ AIDS infection. Summarised 

in Table 4.16 are the results oflogit model for risk factors of these districts. 

Table 4.16 Risk factors associated with HIV/AIDS in Central Serowe and Central Tutume 

\ anahl, II "· I \\ .1ld '°'i:,!. ~ ,pl 111 l),;;;o" ( I I ,p1111 

-Fulltime(ref) - - 37.882 .000 - - -
Employment 

Self-employed 1.033 .168 37.880 .000 2.808 2.021 3.902 

12-19(Ref) - - 159.546 .000 - - -
Age at first marriage 20-29 -4.420 .350 159.282 .000 .012 .006 .024 

30-39 -5 .084 .445 130.757 .000 .006 .003 .015 

Alcohol use No -3.084 .196 246.850 .000 .046 .031 .067 

No(Ref) - - 664.927 .000 - - -
Condom use Yes -6.335 .248 651.430 .000 .002 .001 .003 

Sometimes -5.484 .242 512.049 .000 .004 .003 .003 

In Central Serowe and Central Tutume, individuals who were self-employed were 2.8 times 

more likely to be HIV positive compared to those who were employed on full-time basis. 

Delaying marriage reduced the chance of acquiring HIV/AIDS by 0.012 [OR=0.012, 95%CI 

(0.006-0.024), p=0.000] for individuals in the ages 20-29 years and by 0.006 [OR=0.006, 95%CI 

(0.003-0.015), p= 0.000] for individuals in the ages 30-39 years. Not taking alcohol reduced the 

effect of acquiring HIV/AIDS infection by 0.046 [OR=0.046, 95%CI (0.031-0.067), p=0.000]. 

Respondents who always used condoms and those who sometimes used them had their chance of 

acquiring of HIV/AIDS infection reduced by 0.002 [OR=0.002, 95%CI (0.001 - 0.003), 

p=0.000] and 0.0004 {OR=0.0004, 95%CI (0.003-0.007), p=0.000]. 

Risk factors associated with HIV/AIDS Central Mahalapye district 

The logistic regression was statistical significant with %(~) = 3917.667 and p<0.005 . The model 

explained 65.6% ( R 2 
) and classified 99.3% of the cases accurately. Education, age, age at first 

marriage, number of sex partners, alcohol and use of condoms were risk variables that were 
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associated with HIV/AIDS infection in Central Mahalapye and the results are summarised in 

Table 4.17. 

Table 4.17 Risk factors associated with HIV/ AIDS Central Mahalapye district 

\ .1ri .1hk H '-. I . \\ .,Id "h!- I , pl BI 9;; ",, <. I. I ,p1B1 

-Higher(ref) - - 304.126 .000 - - -
Primary .536 .204 6.893 .000 1.71 1.15 2.55 

Education Junior Sec 7.758 .449 298.265 .000 2339.817 970.114 5643.41 

Senior Sec .838 .219 14.689 .000 2.311 1.506 3.55 

15-19(Ref) - - 542.718 .000 - - -

25-29 -2.08 459.881 .000 .12 0.062 0.249 

30-34 1.69 .354 34.622 .000 5.42 2.98 9.86 
Age 

35-39 3.04 .305 30.637 .000 20.97 11.69 37.61 

40-44 5.14 .305 30.637 .000 170.66 88.42 329.38 

12-19(Ref) - - 129.116 .000 - - -

20-29 -4.346 .384 127.829 .000 .013 .006 .028 
Age at first marriage 

30-39 -5.339 .489 119.141 .000 .005 .003 .013 

Alcohol use Yes 4.060 .262 239.669 .000 57.985 34.86 96.9 

Yes(Ref) - - 550.947 .000 - - -

Condom use No 5.811 .274 449.624 .000 333.837 196.11 577.24 

Sometimes -.788 .157 25.046 .000 .455 .334 .619 

>2(Ref) - - 34.584 .000 - - -
Sex Partner 

1 2.235 .315 50.199 .000 9.347 5.037 17.35 

Cities(Ref) - - 171.514 .000 - - -

Place Urban village 2.040 .237 74.073 .000 7.689 4.832 12.236 

Rural 2.898 .226 165.043 .000 18.143 11.659 28.231 

Circumcision No(Ref) - - 157.249 .000 - - -
yes -4.39 .274 256.937 .000 .012 .007 .021 

The chance of acquiring HIV/ AIDS for individuals with primary education was increased by 

71% [OR=l.17, 95%CI (1.15-2.55) p=0.000]. Individuals with junior and senior secondary 

education were 2339.82 and 2.31 times more likely to be HIV positive compared to those with 

higher education. Table 4.17 shows that the risk of being HIV positive for respondents aged 25-

29 years was decreased by 0.12 [OR= 0.12, 95% CI (0.062-0.249), p=0.000]. Participants in the 
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ages 30-34 years, 35-39 years and 40-44 years were 5.42, 20.97 and 170.97 times more likely to 

be HIV positive compared to those in the ages 15-19 years. They were benefits in delaying 

marriage. For instance, getting married when your age was between 20-29 years reduced the 

chance of having HIV/AIDS infection by 0.013 [OR=0.013, 95%CI (0.006-0.028), p=0.000] and 

by 0.005 [OR=0.005, 95%CI (0.003-0.013), p=0.000] when your age was between 30-39 years. 

Not using of condoms during sexual intercourse increased the chance of acquiring HIV/AIDS 

infection by 333.84 while using condom sometimes decreased the chance of HIV/AIDS infection 

by 0.46 [OR=0.46, 95%CI (0.33-0.61), p=0.00]. Being circumcised had a benefit as it decreased 

the chance of having HIV/ AIDS infection by 0.01. Individuals who had a single sexual partner 

were 9.35 times more likely to be HIV positive compared to those with multiple sexual partners. 

Participants living in urban villages and in rural villages had their chance of being HIV positive 

increased by 7.69 [OR=7.69, 95%CI (4.83-12.23), p=0.000] and 18.14 [OR=l8.14, 95%CI 

(11 .66-28.23), p=0.000] respectively. 

Assessment of Goodness-of-fit 

One of the objectives of the study is to identify risk factors that contribute to the spatial 

distribution of HIV/ AIDS in selected districts of Botswana. Logistic regression helped to identify 

risk factors of HIV/ AIDS for each of the selected districts and a Wald test was used to test the 

significance of each individual risk factor. Goodness- of-fit was assessed and the results are 

summarised in Table 4.18. 

Table 4.18 -2Loglikelihood ratio test and R2 

1)1,111,1 -~ I Ot!lil,t.·1 1 hood I{ 

Gaborone 3954.848 0.547 

Francistown 3039.789 0.656 

Kweneng East 3039.789 0.656 

Central Mahalapye 3039.789 0.656 

Central Serowe and Tutume 3039.789 0.656 

Selebi-Phikwe and others 3039.789 0.656 
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The variables included in the study were significant (p=0.000). Also calculated was the 

likelihood test to compare the reduced model from the full model. The result of the likelihood 

ratio test for Gaborone was 3954.848 with R2= 0.547 and 3039.789, with R2= 0.656 for all the 

other districts. The regression models for Tables 4 .12 through to 4 .17 are presented as follows: 

HIV Prevalence(Gaborone) = 0.361 + 0.536Edu(primary) + 7.758Edu (Jnr) + 0.838Edu (Snr) + 

2.04Place(town) + 2.898Place (urban) - 2.084Age(25-29) + 1.69Age(30-34) + 3.043Age(35-

39)+5.14Age(40-44) + 5.81 lCondom use(Never) - 0.788Condom use(sometimes) + 

2.235Numsx(2 or more)+ Alcohol use(Yes) (23) 

HIV Prevalence (Francistown) = 0.361 - 1.096 Age (30-34) + 0.694Age (35-39) - 0.428Age 

(40-44) + Agma (20-29) + Agma (30-39) + 1.209Alcohol use+ 1.282Numsx (1) (24) 

HIV Prevalence (Selebi-Phikwe and others) = 0.361 + 0.505Employment (self) - Agma (20-29) 

- 5.339Agma2 (30-39) - 4.06Alcohol use (Yes) - 6.599Condom use (Yes) -5.811Condom use 

(sometimes) -2.235 Numsx (1) (25) 

HIV Prevalence (Kweneg East) =0.361 + 7.758Edu (Jnr) + 0.838Edu (Snr)-4.346Agma (20-29) 

-5.339Agma (30-39) + 4.06Alcohol use (Yes)+ 2.35numsx (1) (26) 

HIV Prevalence (Central-Tutume and Central-Serowe) = 0.361 + 1.033Employment (Self) -

4.42Agma (20-29) - 5.084Agma (30-39) -3.084Alcohol use (No) -Condom use (Yes) -

5.484Condom use (sometimes) (28) 

HIV Prevalence( Central-Mahalapye) = 0.361 + 0.536Edu (primary) + 7.758Edu(Jnr) + 

0.838Edu (Snr) - 2.08Age(25-29) + 1.69Age(30-34) + 3.04Age(35-39) + 5.14Age(40-44) -

4.346Agma(20-29) - 5.339Agma(30-39) + 4.06Alcohol use(Yes) + 5.811Condom use(No) -

7.88Condom use( sometimes) + 2.235Numsx(l) + 2.04Place(urban) +2.898Place (rural) -

4.39Circumcison (Yes) (29) 

where 

Agma=Age at first marriage, Nusx=number of sexual partners, Place= place of residence, 

Edu=education, Jnr= Junior, Snr= senior 
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The model for Gaborone (equation 1) accounted for 54.7% of the variance, while the models for 

all the other districts accounted for 65.6% of the variance. This implies that the reduced model is 

a good model for predicting the prevalence of HIV/AIDS. 

Figure 4.8 factors contributing to the spatial distribution of HIV/AIDS 

4.6. Comparison with previous studies 

The study findings are similar to those obtained by Kandala et al. (2012). In their study, the 

authors looked at the geography of HIV/ AIDS in Botswana using data from 2008 BISA m. 
Bayesian geo-additive mixed models based on Markov Chain Monte Carlo techniques were used 

to map the geographic distribution of HIV in 26 districts of Botswana. They produced age and 

location adjusted maps. The current study employed GIS techniques and 2013 BIAS IV data to 

study the spatial distribution of HIV/AIDS in 12 highly populated districts of Botswana. In 
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particular it looked at spatial autocorrelation; clusters of HIV/AIDS, and it determined the best 

interpolation method and identified risk factors associated with spatial distribution. 

Figure 4.14 shows the spatial distribution of HIV/AIDS for the two studies. 

- l 

Spatial map from previous study Spatial map from current study 

LJ (0:0)(0) 

□ (0:0 .0677] (13) 

□ (0 .0876:0.141)(7) 

• (0 .146:0.347) CT) 

Figure 4.9shows spatial distribution of HIV/AIDS from the previous study and the current study. 

Both studies indicate significant and clear spatial distribution of HIV/ AIDS. In the study by 

Kandala et al., 2012 HIV/AIDS is higher in the north-eastern districts (Francistown Selebi

Phikwe and North-east) and the intensity reduces towards the northern districts. There is a sharp 

diving line running through the central districts. HIV/AIDS is higher in the northern parts of 

these districts and lower in the western parts. For the current study HIV/AIDS is higher in the 

southern, northern and the central districts. The intensity reduces towards the western parts of the 

country. 

It can be observed from the two maps that there is a shift in the concentration of HIV/ AIDS. The 

current study from the current data indicated a south, north-east and central concentration of 

HIV/ AIDS. The findings from this study will help government and service providers to 

reallocate HIV/ AIDS prevention resource to the districts where they are needed most and still 

support basic prevention for everyone across the country. 
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4. 7. Summary 

In this chapter the distribution of HIV/ AIDS, spatial analysis, interpolation and logistic 

regression were carried out. The result indicated that HIV/AIDS was higher in Selebi-Phikwe, 

Francistown and Central Mahalapye districts and lower in Ngamiland South and Central Serowe. 

Autocorrelation results showed that HIV/ AIDS was randomly distributed and one primary 

cluster was detected. Interpolation was carried out using three methods, Inverse distance 

weighting (IDW), Natural neighbour (NN) and Ordinary kriging (OK) and Ordinary kriging was 

reported to be the best interpolation technique. 

Logistic regression analysis was employed to determine risk factors associated with HIV/AIDS. 

Some district had few risk factors associated with HIV infection, for example Selebi-Phikwe, 

Central Bobonong, Central Boteti, Kgatleng, Southeast and Ngamiland South district had only 

four risk factors (number of sexual partners alcohol use, age at first marriage and use of 

condoms) while Mahalapye and Gaborone. Age at first marriage, alcohol use, number of sexual 

partners and condom use were the most common risk factors for all the selected districts of 

Botswana. 

Both previous studies and the current study show that there is a significant spatial distribution of 

HIV/ AIDS in Botswana and that it is higher in the north eastern district. The current study shows 

south, central and north east spatial distribution while the previous shows a north- north east 

distribution 
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CHAPTERS 

CONCLUSIONS AND RECOMMENDATIONS 

5.1. Introduction 

This chapter reflects on the findings of the current study and its effects on further study. 

Conclusions drawn in this study are in relation to the objectives listed in chapter one. The 

findings from this study are compared to those of previous studies noting similarities and 

differences. Recommendations for further research on spatial distribution of HIV/ AIDS using 

different interpolation methods and also inclusion of all districts in Botswana are provided in this 

chapter. 

The aim of the study was to investigate spatial distribution of HIV/AIDS using different methods 

and comparing their performance. The study was motivated by the fact that there is limited study 

on spatial distribution of HIV/ AIDS using GIS and no study has compared the performance of 

different spatial interpolation methods in Botswana. Also no study has unveiled why some 

districts have high/ low HIV/ AIDS prevalence than others. 

The investigation was done using 2013 Botswana Aids Impact Survey IV (2013 BAIS IV) data 

collected by Central Statistics Office Botswana in collaboration with National Aids Coordinating 

Agency (NACA) and the Ministry of Health. The study population was HIV positive individuals 

between the ages 15-19 years. 12 districts with a population above five thousands were selected 

for the study. Quantitative descriptive statistics were used to view the general spread of 

HIV/AIDS. Autocorrelation analysis, in particular Moran's I and Getis-Ord was employed to 

determine the similarities and dissimilarities of HIV/ AIDS characteristics in neighbouring 

districts. Hotspot analysis was done using LISA, Getis-Ord Gi* and Kulldorff's scan statistics to 

identify clusters with high-high, low-low, and high-low and low-high HIV/AIDS prevalence. 

Continuous surface maps were created using IDW, NN and OK spatial interpolation methods and 

their performances compared. Logistic regression analysis was conducted to determine risk 
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factors that are contributed to the spatial distribution of HIV/AIDS in Botswana and spatial maps 

from the current study were compared with those from previous studies. The findings of this 

study have provided current spatial distribution of HIV/ AIDS and reasons why some districts 

have high/low HIV/ AIDS prevalence in Botswana. 

5.2. Conclusions 

In this section important findings are highlighted with reference to the research questions. It aims 

to confirm whether the objectives of this study have been achieved. The section also highlights 

the advances in knowledge in this area of study. 

RESEARCH QUESTION 1 

Do districts sharing common boundaries have similar or dissimilar HWIAIDS 

characteristics? 

Conclusion 1 

In order to answer this question, the study performed autocorrelation analysis. In particular 

Moran's I and Getis-Ord General G was used to measure the extent of correlation between 

neighbouring districts. Numerous researchers, for example Moise and Kalipeni (2010), Hsueh et 

al. (2012), Obidoa and Cromley (2012) and Zulu et al. (2014) have used the same method. 

The findings from both statistics indicate positive correlation between neighbouring districts. 

The results suggest that proximity of districts may have an association to the diffusion of 

HIV/AIDS between neighbouring districts. These findings are in agreement with findings from 

previous studies that showed that nearer objects have similar characteristics (Kwandal et al.; 

2009, Peng et al.; 2011, Obidoa and Cromley, 2012; Moise and Kalipeni, 2010 Zulu et al.; 2014, 

Kandala et al.; 2012, Zhou et al., 2014; Zhang et al., 2015). Moran's I and Getis-Ord general G 

statistics successfully examined the extent of clustering that existed in the selected districts. A 

positive Moran's I value indicated that spatial clustering of HIV/AIDS is more prominent in 

Botswana. On the other hand a high z-score in Getis-Ord also indicates spatial clustering. 
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RESEARCH QUESTION 2; 

Which districts are hotspots or cold spots? 

Conclusion 2 

To answer this question, the study employed Local indicator of spatial analysis (LISA), 

Kulldorff SaTScan, and Getis-Ord Gi* statistics to pinpoint clusters in the study area. The results 

are presented in Figure 4.9 and Figure 4.10 for LISA and Getis-Ord Gi*and Table 4.10 and 

Table 4.11 for Kulldorff Sat Scan. 

The conclusions made are based on the results in chapter 4 created using Geo-Da. The maps 

showed one district that had high-high HIV/AIDS prevalence and this was Central-Serowe. 

There were two districts that had low-low HIV/AIDS prevalence and these were Kgalagadi south 

and Ngwakwetse. These results are significant at 5% significance level. Similar results are 

depicted in Figure 4.l0(a) with one more district in the low-low category. The results are 

significant at 5% and 1 % for high-high and low-low categories respectively. One primary cluster 

and three secondary clusters were identified (Tables 4.10 and 4.11 ). Central Serowe was the only 

primary cluster identified by Kulldorff scan with a relative risk of 7.6. High-high in this study 

indicated that the district has high HIV/ AIDS prevalence and is surrounded by districts which 

also have high HIV/AIDS prevalence. Similarly low-low indicated districts that have low 

HIV/AIDS prevalence and are surrounded districts with low HIV/AIDS prevalence.). Of the 

three secondary clusters, Francistown and Selebi-Phikwe were significant secondary clusters 

with a risk of 1.16 and 1.36 respectively. In Central-Mahalapye, the risk of getting HIV/AIDS 

inside the district was the same as outside the district (risk = 1.01) hence it not a significant 

cluster. 

From the results, it can be concluded that Central-Serowe is the epicentre of HIV/AIDS in 

Botswana. The district is the largest village in Botswana and one of the largest in Africa 

(Botswana Beckons). Central-Serowe is located along the main road to Orapa mine and near 

Botswana Defence Force (BDF) camp. Mining is largely a male occupation (Kandala et al., 

2012). Like all other mines, Orapa mine is likely to employ males mostly and these are likely to 

be from Central-Serowe and other neighbouring districts. These men are often separated from 

116 



their families and are likely to engage in risky sexual behaviour. This could account for the high 

HIV/AIDS prevalence in the district. 

Previous studies have associated high HIV/ AIDS infection to proximity to the mam road 

(Messina et al., 2010; Kalipeni and Zulu, 2008; Zulu et al., 2014). Getis-Ord Gi* revealed two 

districts (Central-Mahalapye and Central-Serowe) that had high concentration of HIV/AIDS and 

three districts (Selebi-Phikwe, Central Bobonong and Francistown) that were of moderate 

clustering. There were three districts that were cold spots in the study area and these are 

Ngwakwetse, Kgalagadi north and south. The findings from this study show a variation in the 

methods used to pinpoint the clusters. LISA statistics and Kulldorff scan showed one district 

(Central-Serowe) as the hotspot while Getis-Ord Gi* showed two districts (Central-Serowe and 

Central-Mahaplapye ). 

RESEARCH QUESTION 3 

Which is the best interpolation method for BIAS IV? 

Conclusion 3 

In this section three interpolation methods were used and compared to get the best interpolation 

technique for BAIS IV data. The results are shown in Figure 4.12 and Table 4.13. 

Prior to the analysis, exploratory spatial analysis data analysis was carried out to check if data 

was normally distributed and that it had no trend. The histogram (Figure 4.7) showed that data 

was normal distributed with mode and median almost equal (12.5 and 12.4) respectively. Trend 

analysis was carried to test for trend and the results in Figure 4.8 revealed that data had a strong 

trend. For details, refer to section 4.3.2 in chapter 4. The trend indicates that HIV/AIDS is 

concentrated in the central districts and decreases towards the western parts of the country. Data 

was transformed using second order polynomial so that kriging interpolation technique could be 

used. 

There are many kriging methods; hence there was a need to choose the best. Three kriging 

methods were employed and a cross validation procedure was carried out to determine the best 

method (see Section 3.5.5). Ordinary kriging was chosen as it had the least errors (Table 4.12) 

and is the most popular method (Webster et al., 1994; Zandi et al., 2011; Zulu et al., 2014). 
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In this study the performance of three interpolation methods was evaluated. Raster surfaces 

(Figure 4.12) for the three interpolation methods were extracted to estimate values of HIV/AIDS 

data for the selected districts. It should be noted that no interpolation methods stand out to be 

superior by a large margin and that several interpolation methods perform best when specific 

criterion is considered (Hofierka et al., 2007). Inverse distance weighting, Ordinary kriging and 

Natural neighbour interpolation methods were used and their performance was measured using 

the RMSE and variance. 

The results for variance and the RMSE are shown in Table 4.13. The findings revealed that the 

IDW technique performed worse in terms of its variability 0.5394 and 7.1812 for the variance 

and RMSE. Ordinary kriging (OK) showed high accuracy considering the least variance (0.2085) 

and RMSE (6.326). Natural Neighbour (NN) fell in between with variance 0.321 and RMSE 

6.841 . The results obtained from the comparison of the three interpolation methods indicated that 

OK was the most suitable method for mapping the spatial distribution of HIV/AIDS for this 

study. BAIS IV is a nationally representative demographic survey with large samples. The 

finding supports the assumption that ordinary kriging performs better for large samples (Johnston 

et al., 2001 ). This study contributes to the body of knowledge in that it is one of first studies to 

compare performance of interpolation methods using current HIV/ AIDS data. The study also 

contributes to the body of knowledge by using GIS to analyse spatial distributions which is 

limited in Botswana. 

RESEARCH QUESTION 4 

Which factors contribute to the spatial distribution of HIV I AIDS? 

Conclusion 4 

This subsection used logistic regression to identify risk factors associated with the spatial 

distribution of HIV/AIDS in the selected districts of Botswana and this answered the question 

why some districts have high or low HIV/ AIDS prevalence than others. Logistics regression has 

many advantages, for instance it is more robust and independent variables do not have to be 

normally distributed, or have equal variance in each group. The results from this method are 

shown in Table 4.14 through to Table 4.19. 
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This study has successfully identified risk factors that were associated with HIV/AIDS in the 

selected districts. These were determined by the Wald test and p-value (<0.05). Variables that 

were determined as significant risk factors were education level, circumcision, and age, and 

condom use, number of sex partners, alcohol use and age at first marriage. Of the significant 

variables, condom use, number of sexual partners and alcohol use were common to all the 

districts. 

In Botswana, alcohol is seen as a form of entertainment (Seloilwe, 2005). Excessive intake of 

alcohol reduces judgment and leads to promiscuous, irresponsible and high risk sexual 

behaviour. Also, individuals who drink a lot tend to engage in casual and unprotected sex which 

increases the risk of contracting HIV/AIDS. The study found age at first marriage to be a 

significant risk factor in all the selected districts. Individuals who delayed getting married were 

at risk of HIV/ AIDS infection. One of the reasons why individuals who delayed marriage were at 

risk of getting infected with HIV/ AIDS could be that they were likely to have engaged in sexual 

activities with several partners before marriage and were more likely to be infected 

Condom use is one of the risk factors and it remains low across the country (Avert, 2014). 

Percentage of people using condom has decreased from 90.2% in 2008 to 81.9% in 2012 (Avert, 

2014). One of the reasons why condom use remains a challenge in Botswana is that the country 

is struggling to dispel the myth and views surrounding the prevention of HIV/ AIDS and 

transmission with cultural beliefs. The findings are consistent with other studies. Eaton et al. 

(2003) in their study indicated that low use of condom may be attributed to the fact that it was 

reserved for prostitutes, untrustworthy partners and casual partners. The belief that sex is more 

pleasurable without condoms and the general understanding of HIV/AIDS maybe one of the 

reasons why there was low use or no use of condom 

Circumcision is associated with HIV/ AIDS infection in Gaborone and Francistown. This is 

contrary to other studies carried out in South Africa, Kenya and Uganda that concluded that male 

circumcision significantly reduces the chance that men will contract HIV/AIDS through 

intercourse with infected women by up to 70% (Auvert et al., 2005, William et al., 2006, Bailey 

et al., 2007, Gray et al., 2007, Mavedzenge et al., 2011). Education level, circumcision and age 
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were significant risk factors in Gaborone, Francistown and Central Mahalapye. For the variable 

education level, junior secondary was the most critical risk factor with odds ratio 2339.8 in 

Gaborone and Central Mahalapye and odds ratio 106.4 in Francistown. 

Age was a risk factor associated with HIV/ AIDS in Gaborone, Francistown and Central 

Mahalapye. Individuals in the age groups 25-29 years, 30-34 years, 35-39 years and 40-44 years 

were 5.42 times, 20.97 times and 170.66 times more likely to be RN positive as compared to 

those in the age group 15-19 years. The risk of getting infected was increasing with age in 

Gaborone and Central Mahalapye. These findings are in contrast to findings from other studies 

such as those conducted in Tanzania and Uganda. It was found that older age is a protective 

factor against RN I AIDS infection (Magadi and Desta, 2011 ). 

This study found that the number of sex partners to be significantly associated with RN I AIDS in 

most selected districts of Botswana except Central-Serowe and Central-Tutume. These findings 

are consistent with findings from other studies (Uchudi et al., 2012). To my knowledge this is 

the first study that has attempted to identify risk factors at district level in Botswana using the 

logistic regression method. The results might help policy makers in the allocation of RN I AIDS 

intervention resources and to decide on the factors to target first. 

5.3. Contribution of the study 

The main contribution of the study to the body of knowledge is in applying and comparing of 

different interpolation methods to investigate spatial distribution of RN/AIDS in selected 

districts of Botswana. In addition, this study applied for the first time LISA and Getis Ord Gi• to 

BAIS data to investigate spatial patterns of RN I AIDS in Botswana. The study has compared 

spatial maps from the current study with maps from previous studies. It has utilised Kulldorff 

scan and Getis Ord General G statistics to identify hot/cold spots of RN/AIDS. The study has 

successfully unveiled risk factors that contribute to high RN prevalence in some districts. 

Finally the study also contributes to the body of knowledge by using GIS which is limited in 

Botswana. 
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5.4. Limitations 

This study' s main limitation was the use of BIAS IV data which is cross-sectional and limits the 

analysis to the variables collected by the researcher. The study was limited to districts in 

Botswana that had a population greater than five thousands. Methods of determining the best 

spatial interpolation technique was limited to RMSE and variance. ArcGIS 10.1 calculates only 

one error (RMSE) for IDW and NN. Another limitation for this study was the inability to verify 

and countercheck the adequacy of the original data for inconsistencies and reliability. The 

researcher is not a GIS specialist. 

5.5. Recommendations 

This section puts in place recommendations for future studies on the basis of the findings of this 

study. 

Recommendation 1 

This study recommends that the government of Botswana should put in place programs that are 

suitable for each district. Prevention methods should be strengthened and improved to combat 

risk factors identified in the study. 

The study identified alcohol abuse as the major risk factor associated with HIV/AIDS in all the 

districts. There is a need for intervention to target alcohol abuse in all the selected districts of 

Botswana, and to educate people on how alcohol abuse increases the risk of HIV/ AIDS. The 

study recommends stiffer measures on alcohol use other than the current alcohol levy to combat 

alcohol abuse. 

Recommendation 2 

This study precisely identified hotspots and cold spots in the selected study area using LISA, 

Kulldorff's Scan and Getis-Ord Gi* statistics. The study recommends that HIV/AIDS programs, 

intervention and resources be targeted to the identified hotspots and their surroundings. Further 
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research in this area should include other districts not included in this study so as to have current 

information about hotspots for the entire country. 

Recommendation 3 

The study accurately mapped the spatial distribution of HIV/ AIDS in selected districts of 

Botswana using three interpolation methods. Additional analysis can be done using other 

deterministic and geostatistical interpolation techniques. The results of the two techniques can be 

compared to determine the best between the two, and may also be compared with the current 

study. The findings may be added to the existing literature on spatial distribution. 

Recommendation 4 

Spatial autocorrelation was employed to identify spatial patterns of HIV/ AIDS at district level in 

Botswana and the result indicated that there is positive spatial autocorrelation. The finding might 

help policy makers and government to monitor if intervention exhibits similar patterns since near 

objects are more similar than distant objects according to Tobler's first law of geography (Zulu 

et al., 2014; Kalipeni and Zulu, 2008). Knowledge of spatial patterns might help the government 

of Botswana to restructure its intervention programs and come out with specific programs for 

each district. 

More attention should be directed towards Central-Serowe, which this study identified as the hot 

spot for HIV/AIDS. Intervention should be re-enforced on education, age, alcohol use and 

condom use. Individuals with some education have no knowledge of the effects of HIV/AIDS 

hence there is need to educate them on the dangers HIV/ AIDS. Many researchers have carried 

studies focused on interventions aimed at young people in the age group 15-29 years and very 

little on the older age groups. It is for this reason that this study recommends intervention 

programs for age groups 30-34, 35-39, 40-44. 

Recommendation 5 

The study recommends the use of LISA, Getis-Ord Gi *, Kulldorff scan, Moran's I and Getis-Ord 

General G statistics to be used to identify global and local patterns in other diseases like TB, 
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Malaria and others. Also the study recommends the use of Geary's C statistics which is more 

sensitive to differences in small neighborhoods in analyzing autocorrelation. 

Recommendation 6 

This is the first study to compare current spatial maps with previous maps. This might help 

policy makers and health workers to determine if intervention has been effective and will present 

foundation to understand better the geographic background of activities. 

5.6. Summary 

The study aimed at analysing spatial distribution of HIV/ AIDS usmg difference spatial 

techniques and comparing their effectiveness using 2013 BAIS IV data at district level in 

Botswana. The findings of the study using Moran's Index and Getis-Ord General G statistics has 

shown that HIV/ AIDS in Botswana is spatially distributed and that neighbouring districts have 

similar HIV/AIDS characteristics. HIV prevalence in the selected districts was highest in Selebi

Phikwe and Francistown and least in Ngamiland South. The prevalence rate in Selebi-Phikwe is 

almost equivalent to the national prevalence. Hotspot detection tools have identified Central

Serowe as the epicentre (hotspot) of HIV/AIDS while Ngwaketswe, Kgalagadi North and south 

were identified as hotspots. 

Ordinary kriging was found to be the best interpolation method for the spatial distribution of 

HIV/AIDS. The study identified risk factors that were associated with the spatial distribution of 

HIV/ AIDS in selected districts. Alcohol abuse was identified as the main risk factor for all the 

selected districts. In general, the results indicated that HIV/ AIDS is spatial distributed and that it 

is intense in the northeast part of the country. 
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