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ABSTRACT

Access to healthcare is a fundamental human right, yet significant disparities persist in many

regions, particularly in Nigeria and across Africa. These disparities are often influenced by race,

ethnicity, and age, with underserved populations facing considerable barriers to receiving quality

healthcare. This project focuses on geospatial analysis as a tool to assess and address healthcare

access inequities. By leveraging geospatial technologies, this study seeks to map healthcare

facilities, analyze spatial patterns of accessibility, and evaluate disparities in healthcare

availability across diverse demographic groups.

Using Geographic Information Systems (GIS) and publicly available data on healthcare

infrastructure, population demographics, and socioeconomic indicators, the project identifies

regions with inadequate healthcare coverage. Key variables, including proximity to healthcare

facilities, density of healthcare providers, and transportation infrastructure, are analyzed in

relation to demographic data such as race, ethnicity, and age distribution. Special attention is

given to rural and peri-urban areas where healthcare infrastructure is typically sparse. This study

also integrates statistical models to quantify disparities, providing actionable insights into how

race and ethnicity intersect with geographic location to impact access to essential health services.

In regions like Nigeria, where the healthcare system faces significant challenges, the project

explores how these disparities disproportionately affect vulnerable populations such as ethnic

minorities, elderly citizens, and children. The findings are expected to highlight areas of acute

need, where targeted policy interventions could have the greatest impact. Moreover, the

geospatial approach offers a data-driven framework for decision-makers, empowering them to

allocate resources more effectively and design strategies to bridge healthcare gaps.

This project contributes to the growing body of research on healthcare equity by offering a novel,

location-based perspective on the issue. It underscores the importance of integrating geospatial

analysis into healthcare planning and policymaking, particularly in resource-constrained settings.

Ultimately, the study aims to promote equitable healthcare access, ensuring that no community is

left behind due to geographic, racial, or socioeconomic barriers. Through actionable insights and

evidence-based recommendations, this project aspires to support sustainable development goals

related to health and well-being, equity, and reduced inequalities.



1

CHAPTER ONE

INTRODUCTION

1.1 Background of the Study

Access to healthcare is a significant factor that affects the health of the population, economic

development, and social justice. However, there are disparities in healthcare access across

different groups of people, especially when considering race, ethnicity, and age. These disparities

are often cause by a person’s economic status, the location of healthcare services, transportation

problems, and unfairness in healthcare systems.

Geospatial analysis provides a strong way to study differences in healthcare access by looking at

the patterns of healthcare access across different areas and how they relate to demographic data.

By combining geographic information systems (GIS) with statistical modeling, researchers can

identify communities that lack adequate healthcare access. They can also evaluate how distance

affects people's use of healthcare services. This information can then be used to recommend

targeted actions to improve healthcare access.

In Nigeria, people often have trouble getting healthcare. This is because there is not enough

infrastructure, the healthcare facilities are not spread out evenly, and there are economic

differences between different ethnic and age groups. Understanding these differences by looking

through a geographic perspective can help policymakers, healthcare providers, and researchers

create effective solutions to close the gaps in healthcare.

1.2 Problem Statement

Despite significant investments in the healthcare sector, inequalities in access remain a pressing

concern in Nigeria. Many communities, especially those in rural and underserved urban areas,

face considerable challenges in obtaining timely medical care. These challenges

disproportionately affect certain racial, ethnic, and age groups, leading to poor health outcomes

and increased mortality rates.

Existing studies on healthcare disparities in Nigeria often focus on economic and policy factors

but lack a comprehensive geospatial analysis that quantifies the impact of location on healthcare

access. Without such insights, resource allocation and intervention strategies may not effectively
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target the most vulnerable populations. This study seeks to fill this gap by leveraging geospatial

and statistical techniques to analyze disparities in healthcare access based on race, ethnicity, and

age.

1.3 Aim and Objectives

The primary aim of this study is to analyze healthcare access disparities in Nigeria using

geospatial analysis, focusing on race, ethnicity, and age. The specific objectives include:

i. To map the distribution of healthcare facilities across Nigeria.

ii. To assess the proximity of different racial, ethnic, and age groups to healthcare services.

iii. To quantify disparities in healthcare access using statistical models.

iv. To visualize healthcare disparities using geospatial mapping tools.

v.To provide recommendations for improving healthcare access for underserved populations.

1.4 Research Questions

To achieve these objectives, the study seeks to answer the following research questions:

 How are healthcare facilities distributed across Nigeria?

 What are the average distances different racial, ethnic, and age groups must travel to access

healthcare?

 What statistical relationships exist between demographics and healthcare accessibility?

 What areas or populations are most affected by healthcare access disparities?

 What policy interventions can help improve equitable access to healthcare?

1.5 Significance of the Study

This study is significant for several reasons:

i. Policy Development: Findings from the research will provide data-driven insights to

inform healthcare policy decisions.

ii. Resource Allocation: It will help identify underserved areas, guiding the government

and private sector in optimizing healthcare facility distribution.

iii. Academic Contribution: The study will add to the body of knowledge on healthcare

access disparities in Nigeria, serving as a reference for future research.
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iv. Public Health Impact: By highlighting disparities, the study can contribute to efforts

aimed at improving health equity and reducing mortality rates in marginalized

communities.

1.6 Scope of the Study

This study will focus on healthcare facilities across Nigeria, analyzing their accessibility in

relation to demographic data on race, ethnicity, and age. The research will utilize publicly

available geospatial datasets, demographic surveys, and statistical modeling to assess disparities.

It will primarily cover hospitals, clinics, and major healthcare centers while excluding

specialized healthcare facilities such as psychiatric hospitals or private clinics that are not widely

accessible.

1.7 Organization of the Study

This research is structured into five chapters:

i. Chapter One introduces the research background, problem statement, objectives,

research questions, and significance.

ii. Chapter Two provides a literature review on healthcare disparities, geospatial analysis,

and previous studies in this field.

iii. Chapter Three outlines the methodology, including data collection, processing, and

analytical techniques.

iv. Chapter Four presents the research findings, analysis, and discussion.

v. Chapter Five concludes the study with recommendations and policy implications.
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CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction

Healthcare disparities in Nigeria present significant challenges, particularly in terms of access to

medical services across various populations. Factors such as where people live, how much

money they have, and infrastructure development contribute to these disparities, leading to

unequal health outcomes. Racial and ethnic minorities, as well as elderly individuals, also often

face greater difficulties in accessing quality healthcare due to financial barriers, discrimination,

and the uneven distribution of healthcare facilities. Geospatial analysis is a useful tool for

identifying and addressing these inequalities by examining how healthcare resources and

populations are distributed across different areas. This chapter focuses on the application of

geospatial analysis in Nigeria to uncover healthcare access disparities, with an emphasis on how

factors like distance to healthcare facilities and infrastructure quality affect people's health.

Geospatial analysis is the study of geographic data to understand spatial patterns and connections.

In the Nigeria, this approach has been utilized to map the distribution of healthcare facilities and

assess accessibility challenges. For instance, a study by Knapp et al. (2020) investigated the

relationship between travel time to a major hospital and breast cancer outcomes in Southwest

Nigeria. The study revealed that patients who had to travel for longer times were more likely to

have advanced cancer when they were diagnosed and they also had lower overall survival rates.

Similarly, a study by Oladipo et al. (2019) looked at how easy it is for people in Nigeria to get to

Primary Health Care Facilities (PHCFs) using open data and geospatial analysis techniques. The

research highlighted significant disparities in healthcare access, particularly in rural areas where

healthcare facilities are spread out. The study emphasized the need for strategic planning in the

allocation of healthcare resources to improve accessibility.

Geospatial analysis and healthcare research in Nigeria provides a subtle understanding of how

location affects access to healthcare. By overlaying demographic data with the locations of

healthcare facilities, researchers can identify patterns of inequity that may not be evident through

traditional analysis methods. This approach is particularly effective in showing how geographic

obstacles and lack of infrastructure make it harder for people to access healthcare.
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Despite advancements in geospatial methodologies, there are still significant gaps in the research.

Many studies have focused mainly on urban settings, often overlooking rural areas where

healthcare access issues may be more pronounced. Additionally, while geographic location is

frequently studied, how this factor interacts with socioeconomic status and infrastructure quality

is less explored. Addressing these gaps is crucial for developing targeted interventions that

improve healthcare access across all parts of Nigeria.

In conclusion, geospatial analysis serves as a powerful tool in identifying and understanding

healthcare access disparities in Nigeria. By leveraging spatial data, researchers and policymakers

can better allocate resources and design interventions to mitigate these disparities, ultimately

contributing to improved health outcomes across diverse populations.

2.2 Overview of Healthcare Access Disparities in Nigeria

Nigeria, as Africa's most populous nation, faces significant challenges in providing equitable

healthcare access to its diverse population. Disparities in healthcare access are evident across

various dimensions, including geography, socioeconomic status, and infrastructure availability.

These disparities contribute to uneven health outcomes and highlight the need for targeted

interventions.

2.2.1 Geographical Disparities

Nigeria is home to a diverse array of over 374 distinct ethnic groups, with the Hausa, Fulani,

Yoruba, and Igbo being the largest and most prominent. The geographical distribution and

settlement patterns of these major ethnic groups across the Nigerian landscape have significant

implications for healthcare access and utilization among their respective populations. For

instance, the Hausa and Fulani ethnic groups predominantly reside in the northern regions of

Nigeria, which are often characterized by vast, sparsely populated rural areas with limited

healthcare infrastructure and resources. These northern regions, which encompass the North-East

and North-West geopolitical zones, tend to have fewer hospitals, clinics, and other formal

healthcare facilities compared to other parts of the country. This geographical placement and

distribution of healthcare services results in significantly longer travel distances for many Hausa

and Fulani people to reach the nearest healthcare center or facility.
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The challenges posed by these greater physical distances act as a major barrier to healthcare

access and utilization, contributing to lower rates of maternal healthcare service uptake among

these northern populations. Okoli et al. (2020) found that women living in the North-East and

North-West zones had significantly lower access to critical maternal healthcare services such as

antenatal care (ANC), facility-based delivery (FBD), and skilled birth attendance (SBA)

compared to women residing in other regions of the country. This disparity in maternal

healthcare access and utilization can be directly attributed to the uneven geographical

distribution of Nigeria's ethnic groups and the corresponding healthcare infrastructure.

Addressing these regional imbalances in healthcare provision will be crucial in ensuring more

equitable access and improved health outcomes for all Nigerians, regardless of their ethnic or

cultural background.

Age-related healthcare disparities are also influenced by geographical factors. Elderly

individuals in rural areas face significant challenges in accessing healthcare services due to

greater travel distances to healthcare facilities and limited transportation options. This

geographical isolation leads to delayed or foregone medical care, worsening health issues among

the rural elderly population. Conversely, younger populations in urban areas may have better

access to healthcare services, though socioeconomic factors can still pose barriers.

2.2.2 Socioeconomic Disparities

Economic status significantly influences healthcare access in Nigeria. Approximately 40% of

Nigerians live below the poverty line, limiting their ability to afford quality healthcare services.

Across the different regions, there are stark contrasts in the availability and quality of healthcare

services. Urban areas, particularly in the southern regions of the country, tend to have a higher

socioeconomic status and better access to healthcare facilities. These regions are often home to

state-of-the-art hospitals, specialized clinics, and a wider range of medical professionals,

including specialists and subspecialists. The concentration of wealth and resources in these urban

areas has enabled the development of robust healthcare infrastructure, catering to the needs of

the more affluent population. In contrast, rural areas, especially in the northern regions of

Nigeria, face a vastly different reality. These regions are characterized by higher poverty rates,

limited transportation networks, and a scarcity of healthcare facilities. Many rural communities

lack even basic primary care services, forcing residents to travel long distances to access even
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the most essential medical interventions. This lack of proximity to healthcare providers,

compounded by the financial constraints experienced by the rural poor, creates significant

barriers to seeking and receiving timely and adequate medical care.

The high out-of-pocket expenditure for health services pushes many into deeper poverty,

creating a cycle of deprivation. Alarmingly, poorer individuals in Nigeria spend about nine times

more on health costs relative to their wealth than affluent individuals, emphasizing on the unfair

financial burden.

Health insurance coverage remains low, with less than 5% of rural Nigerians enrolled in the

National Health Insurance Scheme (NHIS). Consequently, the majority rely on out-of-pocket

payments, which can deter them from seeking necessary care.

2.2.3 Infrastructure and Resource Disparities

The distribution of healthcare infrastructure and resources is uneven across Nigeria. Primary

Health Care Facilities (PHCFs) are more prevalent in urban areas, leaving rural communities

underserved. This disparity in healthcare infrastructure has a direct impact on the availability and

accessibility of essential medicines. A study conducted in 2019 revealed that the availability of

essential medicines in primary health care centers stood at a mere 26%. This situation is even

more dire in the rural health centers, where the supply of vital drugs and medications is

alarmingly scarce.

The lack of adequate healthcare resources in the rural areas has far-reaching consequences.

Residents of these communities often face significant barriers to receiving timely and quality

medical care, leading to poor health outcomes and higher rates of preventable diseases and

mortality. This disparity further worsens the existing socioeconomic inequalities, as rural

populations, who are generally poorer and more disadvantaged, are denied access to the basic

healthcare services that are readily available in the urban centers.

Lack of skilled personnel further compound the issue. Despite Nigeria's substantial health

workforce training capacity, there are significant shortages in healthcare professionals,

particularly in rural areas. This shortfall limits the country's ability to provide adequate care to its

population.
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2.3 Geospatial Analysis in Healthcare Research

Geospatial analysis, the practice of using geographic information systems (GIS) to interpret and

visualize spatial data, has become an invaluable tool in healthcare research. By mapping and

analyzing the spatial distribution of health services and outcomes, researchers can identify

patterns and disparities that inform policy and intervention strategies. In Nigeria, geospatial

analysis has been instrumental in uncovering healthcare access disparities, particularly those

influenced by race, ethnicity, and age.

The application of geospatial analysis in healthcare research has enabled researchers to tackle

complex public health challenges with a more comprehensive and data-driven approach. For

instance, by mapping the distribution of healthcare facilities and resources across different

regions, researchers can identify underserved areas where access to essential medical services is

limited or nonexistent. This information can then be used to guide the allocation of resources and

the development of targeted interventions to address these disparities.

In the case of Nigeria, the application of geospatial analysis has been particularly relevant in

addressing the country's healthcare challenges. Nigeria's large and diverse population, coupled

with significant regional variations in infrastructure, resources, and cultural practices, has led to

significant disparities in healthcare access and outcomes. Geospatial analysis has helped

researchers and policymakers identify these disparities, allowing them to develop targeted

interventions that address the unique needs of different communities. For example, studies using

geospatial analysis have revealed that access to healthcare services in rural and remote areas of

Nigeria is significantly lower than in urban centers. This has led to the implementation of

initiatives to strengthen primary healthcare services and mobile clinics in these underserved

regions, improving the availability and accessibility of essential medical care for these

communities.

Overall, the integration of geospatial analysis into healthcare research and policymaking has

been a game-changer in Nigeria, enabling a more comprehensive and data-driven approach to

addressing the country's complex healthcare challenges. As the field of geospatial analysis

continues to evolve, it is poised to play an increasingly vital role in shaping the future of

healthcare delivery and improving the health and well-being of populations around the world.
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2.3.1 Overview of Geospatial Methods

Geospatial analysis encompasses a variety of techniques that enable healthcare professionals and

researchers to assess and interpret spatial data, leading to more informed decision-making and

targeted interventions:

i. Disease Mapping: This is one of the core applications of geospatial analysis. It involves

the visual representation of disease occurrence across different regions. By mapping the

distribution of diseases, healthcare providers can identify high-risk areas, facilitating the

allocation of resources and the implementation of preventive measures. This technique is

particularly valuable in tracking the spread of infectious diseases, enabling early

detection and proactive response.

ii. Spatial Accessibility Analysis: This method evaluates the ease with which populations

can access healthcare facilities, often using metrics such as travel time and distance. By

understanding the spatial distribution of healthcare resources and the barriers to access,

policymakers can make informed decisions about the placement of new facilities, the

deployment of mobile healthcare units, and the implementation of transportation

solutions to improve healthcare equity.

iii. Cluster Detection: This allows researchers to identify geographic areas with unusually

high incidences of a particular health outcome. The identification of these “clusters” can

provide valuable insights into potential underlying risk factors, such as environmental

exposures, socioeconomic disparities, or the presence of specific genetic or behavioral

patterns. By understanding the spatial patterns of disease, healthcare professionals can

develop targeted interventions and prevention strategies to address the root causes of

health disparities.

iv. Spatial Regression Models: These statistical models account for the spatial

dependencies inherent in data, enabling researchers to explore the relationships between

health outcomes and a wide range of explanatory variables, such as demographic factors,

environmental conditions, and social determinants of health. By incorporating the spatial

context, these models can uncover insights that traditional regression methods may

overlook, leading to a more comprehensive understanding of the complex factors that

influence population health.
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The integration of these geospatial analysis techniques in healthcare has transformed the way we

approach disease prevention, health equity, and the allocation of resources. By leveraging the

power of spatial data and advanced analytical methods, healthcare professionals and researchers

can gain a deeper understanding of the geographic dimensions of health, ultimately leading to

more effective and targeted interventions that improve the well-being of communities.

2.3.2 Tools and Technologies

The application of geospatial methods in healthcare research has become increasingly important

in recent years, as researchers and policymakers recognize the critical role that location and

spatial relationships play in understanding and addressing health-related issues. This approach

relies on a variety of tools and technologies that allow for the collection, analysis, and

visualization of spatial data:

i. Geographic Information Systems (GIS): Software platforms like ArcGIS and QGIS

provide powerful capabilities for managing, analyzing, and displaying spatial data. These

tools enable researchers to create detailed maps that can reveal patterns and relationships

within healthcare data, such as the distribution of disease prevalence, the accessibility of

medical facilities, or the impact of environmental factors on public health.

ii. Remote Sensing: This is the use of satellite or aerial imagery to gather information about

the Earth’s surface, which can be integrated with GIS for environmental health studies.

By gathering these information, remote sensing can provide valuable insights for

environmental health assessments, and the planning of healthcare infrastructure.

iii. Global Positioning System (GPS): GPS devices and applications offer precise location

data, allowing researchers to accurately map the locations of healthcare facilities, disease

outbreaks, or population distributions. This information is crucial for understanding the

spatial dynamics of healthcare access and utilization, as well as for conducting targeted

interventions and resource allocation.

iv. Spatial Statistical Software: In addition to these foundational technologies, researchers

also rely on specialized spatial statistical software, such as GeoDa and R's spatial analysis

packages. These tools enable advanced modeling and analysis of spatial data, allowing

researchers to identify patterns, trends, and relationships that may not be readily apparent

through traditional statistical methods.
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The integration of these geospatial methods and technologies has transformed the way healthcare

research is conducted, leading to more informed decision-making and the development of more

effective, targeted interventions. By leveraging the power of spatial data and analysis,

researchers and policymakers can better understand the complex relationships between location,

environment, and health, ultimately improving the overall quality and accessibility of healthcare

services.

2.3.3 Applications in Nigerian Healthcare Research

In Nigeria, geospatial analysis has been increasingly utilized to uncover critical insights into the

disparities in healthcare access across the country. This powerful analytical tool has shed light on

the complex interaction of various factors that contribute to the uneven distribution and

accessibility of healthcare services.

Ethnic Disparities in Healthcare Access:

Rigorous studies employing geographic information systems (GIS) have mapped the distribution

of healthcare facilities nationwide and assessed their accessibility among different ethnic groups.

The findings reveal stark contrasts in healthcare outcomes. For instance, in a study examining

under-5 mortality in Nigeria, Antai (2011) research found that children of Hausa/Fulani/Kanuri

mothers experience significantly higher under-five mortality rates compared to children of

Yoruba mothers. This troubling disparity is partly attributed to the differences in socioeconomic

status and access to healthcare services among these ethnic groups.

Further analysis suggests that the Hausa/Fulani/Kanuri communities, often residing in the

northern regions of Nigeria, face significant challenges in accessing quality healthcare. Factors

such as the uneven distribution of healthcare infrastructure, cultural and language barriers, and

economic disadvantages contribute to the lower utilization of essential services by these

populations. Policymakers and healthcare planners are now using these geospatial insights to

prioritize targeted interventions and resource allocation to address these entrenched inequities.

Age-Related Disparities in Healthcare Services:

Geospatial techniques have also been employed to evaluate how accessible healthcare services

are to different age groups across the Nigerian landscape. The findings paint a concerning picture,



12

particularly for the elderly populations in rural areas. These communities often face significant

challenges in accessing healthcare due to the long distances to the nearest facilities and the

inadequate transportation infrastructure that hinders their mobility.

Conversely, the younger populations, particularly those residing in urban centers, may have

better access to healthcare services. However, disparities still exist based on socioeconomic

factors, as individuals from higher-income households and those with better education are more

likely to utilize these services. Geospatial analysis has been instrumental in identifying these

nuanced patterns, enabling policymakers to develop tailored strategies to improve healthcare

access for all age groups, regardless of their geographic location or socioeconomic status.

The application of geospatial analysis in Nigeria's healthcare landscape has been a game-changer,

providing a deeper understanding of the multifaceted factors that contribute to the persistent

inequities in access to essential medical services. These insights are crucial in guiding the

development of targeted interventions and the equitable distribution of healthcare resources, with

the ultimate goal of ensuring that all Nigerians, regardless of their ethnic background or age,

have access to the care they need to lead healthy and productive lives.

As Nigeria continues to work to understand its healthcare system, the adoption and integration of

geospatial analysis will undoubtedly play an important role in driving sustainable, unbiased, and

impactful improvements.

2.3.4 Impact on Healthcare Policy and Planning

The insights gained from geospatial analysis have significant implications for healthcare policy

and planning in Nigeria, as they can provide valuable information to policymakers, healthcare

administrators, and community stakeholders, enabling them to make more informed and strategic

decisions.

i. Resource Allocation: By using geospatial tools to identify regions where specific ethnic

or age groups are underserved, policymakers can allocate resources more equitably. For

example, understanding that certain ethnic communities have higher under-five mortality

rates can prompt targeted interventions in those areas, such as deploying mobile health

clinics, training more community health workers, or providing subsidized essential
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medicines. This data-driven approach ensures that resources are directed to the

populations that need them the most, rather than being distributed evenly across the

country, which may overlook pockets of acute need.

ii. Infrastructure Development: Spatial analysis can also guide the placement of new

healthcare facilities to serve vulnerable populations effectively. By recognizing that

elderly individuals in specific rural regions lack access to basic healthcare services,

policymakers can use geospatial data to identify the most strategic locations for

developing healthcare centers closer to these communities. This can involve constructing

new facilities or repurposing existing infrastructure, such as community centers or

schools, to provide essential medical services. This targeted approach ensures that

healthcare infrastructure is established where it is needed the most, rather than relying on

a one-size-fits-all strategy.

iii. Culturally Sensitive Healthcare Programs: Geospatial data can also inform the

creation of healthcare programs that respect and address the cultural practices of various

ethnic groups, thereby improving their effectiveness and acceptance within these

communities. By mapping the distribution of different ethnic populations, policymakers

can develop tailored interventions that incorporate traditional healing methods, language

preferences, and gender-specific considerations. For example, in regions with a high

concentration of Muslim populations, healthcare programs could be designed to provide

gender-segregated services and align with religious practices. This cultural sensitivity can

increase the uptake of essential healthcare services and improve health outcomes among

traditionally underserved communities.

2.3.5 Challenges and Future Directions

Despite the numerous benefits of utilizing geospatial analysis in Nigerian healthcare research,

this approach faces several significant challenges that must be addressed to maximize its impact

and effectiveness.

i. Data Limitations: Accurate and up-to-date spatial data that is separated into ethnicity,

age, and other key demographic factors are essential for conducting thorough and

informative geospatial analysis. However, data collection efforts in Nigeria are often

hindered by a variety of logistical, financial, and technical constraints. Limited funding,
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inadequate infrastructure, and challenges in coordinating data collection across diverse

regions and communities can result in significant gaps and inaccuracies in the available

data. Additionally, concerns about data privacy and the need for ethical data management

practices can further complicate data collection and accessibility. Overcoming these data-

related challenges is crucial for ensuring that geospatial analyses can be carried out with

the necessary level of detail and reliability to inform healthcare policies and interventions.

ii. Technical Expertise: Performing effective geospatial analysis requires specialized

knowledge, skills, and training that may not be readily available across all research and

policy institutions in Nigeria. The complexity of using geographic information systems

(GIS), spatial modeling techniques, and data visualization tools requires targeted

capacity-building efforts to equip researchers and policymakers with the necessary

expertise. This may involve investing in specialized training programs, collaborating with

international partners to share best practices, and integrating geospatial analysis into the

curriculum of relevant academic and professional development programs. Strengthening

the technical capacity of individuals and institutions engaged in healthcare research and

policy-making is essential for fully harnessing the potential of geospatial analysis.

iii. Integration into Policy: Bridging the gap between research findings and the

implementation of evidence-based policies remains a persistent challenge. Effective

integration of geospatial understanding into healthcare decision-making requires strong

collaboration and communication between researchers, policymakers, and community

stakeholders. Researchers must actively share their findings with policymakers so that

their work can be turned into practical recommendations, while policymakers must be

open to incorporating geospatial evidence into their decision-making processes. This

requires creating formal and informal ways for different groups to work together,

building shared understanding and trust, and creating platforms that facilitate the

exchange of knowledge and co-creation of healthcare policies. Developing these

interdisciplinary partnerships is crucial for ensuring that the valuable insights derived

from geospatial analysis are effectively used to improve healthcare outcomes across

diverse ethnic and age groups in Nigeria.
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2.4 Impact of Ethnicity and Age on Healthcare Access in Nigeria

Healthcare access in Nigeria is profoundly influenced by various sociodemographic factors,

notably ethnicity and age. These elements contribute to significant disparities in health outcomes

across the nation's diverse population. Understanding how ethnicity and age affect healthcare

accessibility is crucial for developing targeted interventions aimed at promoting equitable health

services.

2.4.1 Ethnic Disparities in Healthcare Access

Nigeria's diverse population of over 250 distinct ethnic groups presents a complex and diverse

sociocultural landscape where cultural practices, beliefs, and socioeconomic statuses vary widely

across the nation. This diversity has far-reaching implications for healthcare access and

utilization among the Nigerian population.

i. Cultural Practices and Health-Seeking Behaviour

Cultural norms and traditional belief systems significantly shape health-seeking behaviors among

different ethnic communities in Nigeria. For instance, in some northern regions, traditional

practices and spiritual worldviews may lead individuals to prioritize consultations with local

traditional healers over seeking care from formal medical facilities. This reliance on alternative,

unregulated forms of healthcare can result in delayed diagnosis and treatment of serious medical

conditions, oftentimes leading to adverse health outcomes. Conversely, ethnic groups in the

southern parts of the country may exhibit a higher propensity to engage with modern, evidence-

based healthcare services, influenced by divergent cultural attitudes and beliefs about the role of

medicine in maintaining good health.

The distribution of healthcare resources and the quality of services often correlate with the

dominant ethnic groups in different regions. For instance, the Hausa-Fulani population in the

northern states has relatively poorer access to quality healthcare compared to the Yoruba in the

southwest or the Igbo in the southeast. This disparity can be attributed to historical and political

factors, including the unequal allocation of public funding and infrastructure development in

certain areas.
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Moreover, language and cultural barriers can create communication difficulties between patients

and healthcare providers, leading to misunderstandings, incomplete diagnoses, and suboptimal

treatment plans. Patients from diverse backgrounds may also harbor distrust towards the

healthcare system due to a history of discrimination or negative experiences, further deterring

them from actively engaging with medical professionals.

ii. Socioeconomic Status and Educational Attainment

Socioeconomic disparities among Nigeria's diverse ethnic groups further worsen existing

inequalities in healthcare access and utilization. Ethnic communities with higher rates of poverty

and lower educational attainment often face significant barriers to accessing quality medical care,

such as the inability to afford consultation fees, lack of health insurance coverage, and limited

awareness of available healthcare resources within their communities. These compounding

socioeconomic factors collectively hinder these populations from obtaining the essential

healthcare services they require.

iii. Geographical Distribution and Infrastructure

The geographical distribution of Nigeria's various ethnic groups also plays a pivotal role in

shaping healthcare accessibility across the country. Many ethnic minority communities reside in

remote or rural areas where healthcare infrastructure, including hospitals, clinics, and essential

medical supplies, is sparse or unevenly distributed. The lack of close, functional healthcare

facilities in these regions poses a significant challenge for residents who must travel long

distances to seek medical attention, often with limited transportation options and financial

resources to do so. For instance, individuals living in rural or underserved areas may have to

travel long distances to reach the nearest healthcare provider, which can be especially

burdensome for those without reliable transportation.

This multifaceted interplay between cultural beliefs, socioeconomic status, educational levels,

and geographical factors creates a complex and heterogeneous healthcare landscape in Nigeria,

where certain ethnic groups face disproportionate barriers to accessing quality, equitable

healthcare services compared to others.
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2.4.2 Age-Related Disparities in Healthcare Access

Age is a critical factor that significantly influences healthcare access in Nigeria, with both the

young and elderly populations facing unique challenges and barriers to receiving adequate

medical care.

i. Healthcare Access for Children

Children, particularly those under the age of five, are the most vulnerable population when it

comes to healthcare disparities in Nigeria. These disparities are often driven by a relationship

between socioeconomic, cultural, and educational factors. Children from low-income families

and those with less-educated mothers are at a higher risk of experiencing poorer health outcomes.

In some ethnic groups, traditional beliefs and practices may negatively impact the utilization of

essential healthcare services, such as routine immunizations and pediatric care. This can lead to

higher incidences of preventable diseases and increased mortality rates among children.

Furthermore, the accessibility and quality of pediatric healthcare services in Nigeria vary greatly

across different regions and communities. In underserved areas, particularly in rural settings, the

availability of well-equipped healthcare facilities, trained pediatric specialists, and essential

medicines and supplies may be limited. This lack of access to appropriate medical care can

worsen the health challenges faced by children, making them more exposed to infectious

diseases, malnutrition, and other preventable health conditions.

ii. Healthcare Access for the Elderly

The elderly population in Nigeria also faces significant barriers to accessing healthcare services.

Limited mobility, financial constraints, and a shortage of healthcare facilities and services for the

elderly are among the primary challenges. Older adults, especially those living in remote or rural

areas, may struggle to travel long distances to reach the nearest healthcare center, resulting in

unmet health needs and a deterioration of their overall health and well-being.

Additionally, the healthcare system in Nigeria often lacks the specialized infrastructure and

trained personnel required to address the unique healthcare needs of the elderly population.

Geriatric care, including disease management, rehabilitation services, and long-term care, is

often scarce or inaccessible, further worsening the challenges faced by the aging population.
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Furthermore, the lack of comprehensive social security and pension systems in the country

means that many elderly Nigerians rely on limited personal or family resources to cover their

medical expenses, leading to significant out-of-pocket healthcare costs.

2.4.3 Intersection of Ethnicity and Age in Healthcare Disparities

The intersection of ethnicity and age can create complex challenges in accessing healthcare. For

instance, elderly individuals belonging to ethnic minority groups residing in rural areas may face

a compounded disadvantage due to cultural barriers and infrastructural deficiencies.

Firstly, cultural barriers can significantly hinder the ability of elderly individuals to navigate the

healthcare system effectively. Language differences, unfamiliarity with medical practices, and

differing beliefs about health and illness can create profound communication gaps between these

individuals and healthcare providers. This can lead to difficulties in understanding diagnoses,

treatment options, and adhering to prescribed medication, ultimately undermining their access to

quality care.

Furthermore, the rural settings in which these individuals reside often suffer from infrastructural

deficiencies, such as limited availability of healthcare facilities, poor transportation networks,

and a shortage of specialized services. These geographic and logistical obstacles can further

worsen the challenges faced by elderly ethnic minorities in seeking and obtaining the healthcare

they require.

The compound disadvantage experienced by this population is not limited to the elderly alone.

Children from marginalized ethnic groups may also face heightened risks due to the intersection

of socioeconomic hardships and cultural practices. Poverty, inadequate nutrition, and limited

access to educational resources can contribute to poorer health outcomes for these children.

Additionally, certain cultural beliefs or traditions, such as those related to gender roles or

traditional medicine, may lead to delayed or inadequate healthcare-seeking behaviors, further

jeopardizing the well-being of these young individuals.
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2.5 Policy Interventions Addressing Healthcare Access Disparities in Nigeria

Nigeria experiences significant inequalities in accessing healthcare, especially based on ethnicity

and age. To address these problems, the government at the national and state levels has

implemented various policies to ensure fair and equal healthcare services throughout the country.

2.5.1 National Health Insurance Scheme (NHIS)

The National Health Insurance Scheme (NHIS) was created in 2005 to provide all Nigerians with

comprehensive healthcare coverage, reducing personal costs and improving access to medical

services. The scheme includes various programs tailored for different groups, such as the Formal

Sector Social Health Insurance Program and the Community-Based Social Health Insurance

Program. However, NHIS coverage is still limited, with less than 5% of the population enrolled,

mostly in urban areas. This highlights the need for strategies to increase enrollment, especially

among rural and low-income communities.

2.5.2 State-Level Health Insurance Schemes

Several Nigerian states have created their own health insurance programs to tackle local

differences in accessing healthcare. For example, the Osun Health Insurance Scheme (O'HIS),

launched in 2017, aims to offer affordable and accessible healthcare services to residents of Osun

State, particularly the elderly and those with financial difficulties. The program requires a small

premium contribution from participants, which is supplemented by government funding to

ensure the program's sustainability. These state-level initiatives are essential in adapting

healthcare solutions to the specific needs of local communities, thereby more effectively

addressing disparities related to ethnicity and age.

2.5.3 Abiye (Safe Motherhood) Program

The Abiye Program, initiated in Ondo State in 2009, is a comprehensive plan to lower the

number of mothers and children who die. The program helps by giving pregnant women phones

to directly talk to healthcare workers, sending health workers to visit them at home regularly, and

providing transportation for emergencies. This program has greatly reduced the number of

mothers who die in the state, showing that focused actions can improve healthcare access for

high-risk groups, like women of childbearing age and babies.
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2.5.4 National Primary Health Care Development Agency (NPHCDA)

The National Primary Health Care Development Agency (NPHCDA) is crucial in organizing

primary healthcare services across Nigeria. Its responsibilities include enhancing access to high-

quality primary healthcare, boosting immunization rates, and supporting long-term health

programs. By concentrating on underserved and rural areas, the NPHCDA seeks to minimize

healthcare differences linked to geographic location, ethnicity, and age. Efforts like revitalizing

primary healthcare facilities and community-based health initiatives are core to its approach.

2.5.5 National Social Investment Program (NSIP)

The National Social Investment Program (NSIP), established in 2015, includes various efforts to

reduce poverty and ensure fair allocation of resources. Initiatives like the Conditional Cash

Transfer Program and the Home Grown School Feeding Program indirectly enhance access to

healthcare by addressing underlying social and economic factors that influence health. By

offering financial assistance and nutrition to vulnerable communities, these programs lead to

better health results among marginalized ethnic groups and age groups.

2.5.6 Recent Developments

The World Bank has provided a substantial financial package of $1.57 billion to support

Nigeria's healthcare and education systems. This funding is intended to improve the accessibility

and quality of basic education and primary healthcare services, with a specific focus of directing

$570 million towards strengthening the delivery of primary healthcare to underserved

communities and addressing existing inequalities in healthcare access.

2.6 Summary of Related Works

The related works examine studies evaluating healthcare access disparities in Nigeria, with a

focus on how ethnicity, age, and socioeconomic status affect service utilization. For example,

Antai (2011) uses multilevel regression to assess under-five mortality among different ethnic

groups, while Aheto et al. (2023) combine geospatial mapping with survival analysis to study

child survival trends. Although these studies employ robust quantitative methods, they often

overlook qualitative aspects such as cultural practices and behavioral factors. Overall, the
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literature provides a strong basis for targeted policy interventions but highlights the need for

more integrated approaches to fully address Nigeria’s healthcare disparities.

Table 2.1 Summary Table of Related Works

Author(s) Objective Methodology Research

Gap

Merits Demerit

Antai, D.

(2011)

To examine the

mediating

effects of

ethnicity and

socioeconomic

position on

under-5

mortality in

Nigeria.

Multilevel

logistic

regression

analysis of data

from 7,620

women aged 15-

49 years from

the 2003 Nigeria

Demographic

and Health

Survey.

Limited

exploration of

cultural

practices

influencing

health-seeking

behavior.

Highlights the

significant role of

community-level

prenatal care in

reducing

mortality

disparities.

Relies on self-

reported data,

which may be

subject to recall

bias.

Togawa, K.,

et al. (2021)

To assess the

geospatial

dimensions of

delays in breast

cancer diagnosis

in sub-Saharan

Africa.

Prospective

study of 1,541

women newly

diagnosed with

breast cancer

across Namibia,

Nigeria,

Uganda, and

Zambia.

Does not

extensively

explore

socioeconomic

or cultural

factors

contributing to

delays.

Provides

evidence linking

longer travel

distances to

diagnostic

facilities with

delayed

diagnoses.

Focuses on breast

cancer, limiting

generalizability to

other health

conditions.

Adebowale,

S. A., et al.

(2020)

To examine

geographical

and

socioeconomic

inequalities in

maternal

healthcare

utilization in

Analysis of data

from multiple

Nigeria

Demographic

and Health

Surveys over 14

years.

Lacks

qualitative

insights into

barriers faced

by specific

communities.

Offers a

comprehensive

temporal analysis

of inequalities in

maternal

healthcare

utilization.

Does not account

for potential

cultural barriers

affecting

healthcare access.
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Nigeria from

2003 to 2017.

Akeredolu, J.

O. (2018)

To explore

health

disparities

among Nigerian

population

groups, focusing

on

socioeconomic

status and

geographic

location.

Review of

existing data and

literature on

health and

healthcare

disparities in

Nigeria.

Limited by the

availability and

precision of

existing data.

Provides an

overview of

health disparities

and highlights

data limitations.

Does not present

original empirical

findings.

Aheto, J. M.

K., et al.

(2023)

To investigate

geographic and

socioeconomic

inequalities

influencing

under-five

survival time in

Nigeria.

Analysis of data

from the 2013

Nigeria

Demographic

and Health

Survey.

Does not

explore the

impact of

cultural

practices on

child survival.

Identifies critical

areas and factors

associated with

under-five

mortality.

Relies on cross-

sectional data,

limiting causal

inferences.

Adeleye, O.,

et al. (2023)

To assess

barriers to

healthcare

access among

women of

childbearing age

in Nigeria from

2003 to 2018.

Cross-sectional

study using four

rounds of the

Nigeria

Demographic

and Health

Survey.

Does not delve

into individual-

level cultural or

behavioral

factors.

Highlights trends

and spatial

distribution of

healthcare access

barriers.

Potential recall

bias due to self-

reported data.

Azuogu, B.

N. (2017)

To examine

health

disparities in

preventive care

among Nigerian

immigrants in

Quantitative

cross-sectional

survey design.

Limited focus

on the impact of

acculturation

and cultural

beliefs.

Sheds light on

healthcare

disparities in the

Nigerian

immigrant

May not be

generalizable to

other immigrant

groups.



23

the United

States.

population.

Fagbamigbe,

A. F., et al.

(2020)

To analyze

barriers to

accessing

healthcare in

Nigeria and

their

implications for

child survival.

Review of

existing

literature and

data on

healthcare

access in

Nigeria.

Does not

provide new

empirical data.

Offers insights

into the

relationship

between

healthcare access

barriers and child

mortality.

Lacks primary

data collection
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CHAPTER THREE

RESEARCHMETHODOLOGY

3.1 Introduction

Healthcare access disparities remain a significant public health concern in Nigeria, even in urban

centers like Benin City, Edo State. As highlighted in Chapter Two, geospatial analysis

effectively examines these disparities by assessing the spatial distribution of healthcare facilities

and their accessibility to different demographic groups. This is an important issue to investigate,

as equal access to healthcare services is a fundamental human right and a crucial component of

achieving better health outcomes for all. This study employs a robust research methodology

incorporating geospatial techniques, demographic analysis, and statistical tools to thoroughly

investigate how healthcare resources are distributed in Benin City.

The need for this study is emphasized by the persistent challenges faced by the Nigerian

healthcare system, which has struggled to keep pace with the country's rapidly growing

population and evolving healthcare needs. Despite various government initiatives and

international development efforts, significant disparities in healthcare access continue to plague

the nation, especially among marginalized and vulnerable populations. These disparities are

often rooted in complex socioeconomic, geographic, and cultural factors that create barriers to

accessing quality healthcare services

This chapter details the methodological framework adopted in the study, beginning with the

research design and a comprehensive overview of the study area, Benin City. It also outlines the

data sources, collection methods, and analytical techniques utilized in evaluating healthcare

access disparities among different racial, ethnic, and age groups within the city. This includes the

use of geographic information systems (GIS) to map the spatial distribution of healthcare

facilities, as well as demographic and statistical analyses to examine the socioeconomic and

demographic factors that influence access to healthcare.

Particular attention is paid to the ethical considerations and data validation processes employed

in the study to ensure the reliability and credibility of the findings. Great care has been taken to

protect the privacy and confidentiality of study participants while also implementing robust data

quality control measures to ensure the accuracy and validity of the data used in the analysis. This
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comprehensive methodological approach underscores the rigor and thoroughness of the

investigation, which aims to provide policymakers and healthcare stakeholders with reliable

evidence to guide the development of targeted interventions and equitable healthcare policies.

3.2 Research Design

A quantitative research design is adopted for this comprehensive study, leveraging geospatial

and statistical analysis techniques to examine complex healthcare access patterns in the vibrant

city of Benin City, Nigeria. This methodological approach is strategically chosen due to its

unparalleled ability to quantify and resolve the complex spatial relationships between the

distribution of healthcare facilities and the demographic characteristics of the local residents.

The study employs Geographic Information Systems (GIS) technology to carefully map the

locations of healthcare facilities as well as the demographic data of the city's population. This

robust spatial data serves as the foundation for the subsequent analysis. Additionally, the two-

step floating catchment area (2SFCA) model, a state-of-the-art technique that enables a thorough

assessment of healthcare accessibility, is applied. This model takes into account a multitude of

crucial factors, such as the distance between residents and healthcare facilities, the population

density of different neighborhoods, and the capacity and service levels of the healthcare facilities.

By integrating these geospatial and statistical methodologies, the study aims to uncover and

quantify any potential bias in the distribution and accessibility of healthcare services across

Benin City. The researchers are committed to generating evidence-based insights that can inform

the development of targeted, data-driven solutions to address these disparities. This

comprehensive approach ensures that the findings of the study will provide valuable guidance for

policymakers, healthcare administrators, and urban planners in their efforts to enhance the

overall healthcare landscape and improve the well-being of the city's diverse population.
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Table 3.1 Summary of Research Design Elements

Research Approach Description

Research Type Quantitative

Primary Methodology Geospatial and Statistical Analysis

Data Collection Tools GIS Mapping, Surveys, Interviews, Health

Facility Assessment

Analytical Techniques 2SFCA Model, GIS-Based Spatial Analysis,

Regression Analysis

3.3 Study Area

Benin City, the capital of Edo State, was selected as the focus of this investigation due to its

proximity to the researcher, allowing for easier data collection and a more thorough

understanding of local healthcare dynamics. The city's rapid urbanization and growing

population have intensified pressure on the healthcare infrastructure, which has struggled to keep

pace with the increasing demand for medical services.

Benin City is characterized by a diverse healthcare landscape, with a mix of public and private

facilities catering to the needs of its diverse population. However, access to these healthcare

services remains unequal, as the spatial distribution and socioeconomic disparities within the city

have created significant barriers to accessibility.

The study focuses on selected Local Government Areas (LGAs) within Benin City, including

Oredo, Egor, and Ikpoba-Okha. These areas represent different levels of urbanization and

healthcare infrastructure, providing a representative sample for assessing the disparities in

healthcare access and quality.

By examining these diverse LGAs, the study aims to provide a comprehensive understanding of

the healthcare landscape in Benin City, identifying the key challenges and disparities that hinder

the provision of equitable and accessible healthcare services to the city's growing population.
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3.4 Data Sources

This study integrates both primary and secondary data sources to comprehensively assess

healthcare access disparities in Nigeria, with a focus on Benin City. The secondary data provide

the foundational context for spatial analysis, while the primary data capture the lived experiences

of residents.

i. Primary Data Sources: The study conducted a series of surveys with local residents in

Benin City to gain a comprehensive understanding of the healthcare landscape. The

surveys aimed to gather first-hand insights into the experiences, challenges, and

perceptions of healthcare service availability from the community's perspective. The

survey respondents were selected from diverse socioeconomic and demographic

backgrounds to ensure a representative sample. The questionnaires covered a wide range

of topics, including accessibility to healthcare facilities, quality of services, affordability

of medical treatments, and overall satisfaction with the healthcare system. The study also

explored the unique challenges and barriers that residents face in seeking and receiving

adequate healthcare, such as transportation difficulties, financial constraints, and cultural

or language barriers.

ii. Secondary Data Sources: In addition to the primary data collected through the resident

surveys, secondary data were obtained from official records provided by the Edo State

Ministry of Health, Nigeria’s National Population Commission, and international

organizations such as the World Health Organization (WHO). These datasets include

detailed information on the geographical distribution of healthcare facilities, demographic

statistics, and socioeconomic indicators. Additionally, the literature review in Chapter

Two, which drew upon studies like Knapp et al. (2020) and Oladipo et al. (2019), has

informed the analytical framework of this study. This review provided critical context on

previous methodologies and findings regarding spatial disparities in healthcare access,

thereby guiding the selection of data sources and analytical techniques for the current

research.
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3.5 Data Collection Methods

Data collection for this study was conducted through a multi-pronged approach to ensure

comprehensive coverage of healthcare access issues in Benin City. The following methods were

employed:

i. Geospatial Mapping:

 Purpose: To identify and map the locations of healthcare facilities across Benin City.

 Method: Using GIS technology to locate healthcare facilities and analyze their

distribution across Benin City. This allowed for the creation of detailed maps that

highlight facility distribution relative to population density.

ii. Surveys and Interviews:

 Purpose: To capture firsthand information from residents regarding their healthcare

access experiences, challenges, and perceptions.

 Method: Administering structured questionnaires to residents to understand their

healthcare-seeking behavior. The survey collected both quantitative data (e.g., frequency

of healthcare visits, mode of transportation) and qualitative insights (e.g., suggestions for

improving access).

iii. Health Facility Assessment:

 Purpose: To evaluate the capacity, staffing, and quality of services offered by healthcare

facilities.

 Method: Evaluating the capacity, staffing, and services offered by public and private

health institutions in the study area.
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Table 3.2 Overview of Data Collection Methods

Data Collection Method Purpose

Geospatial Mapping Identify locations of healthcare facilities and

population distribution

Surveys & Interviews Understand residents’ experiences and

challenges in accessing healthcare

Health Facility Assessment Evaluate healthcare service capacity and

efficiency

3.6 Data Processing and Analysis

This study employs a multi-step data processing and analysis approach to examine healthcare

access disparities in Benin City.

i. Data Integration: Survey responses are combined with geospatial data (i.e., healthcare

facility locations) and demographic statistics (sourced from Nigeria’s National

Population Commission) to form a unified database. This integrated dataset provides the

basis for both spatial and statistical analyses.

ii. GIS-Based Spatial Analysis: Using GIS software, the locations of healthcare facilities

are mapped and overlaid with population density data. This visual representation enables

the identification of underserved areas. Techniques such as disease mapping, spatial

accessibility analysis, and cluster detection—as discussed in Chapter Two—are used to

reveal spatial patterns in healthcare access.

iii. Accessibility Index Calculation: The two-step floating catchment area (2SFCA) model

is applied to compute healthcare accessibility scores. This model assesses facility-to-

population ratios within defined travel distances, reflecting the principles of spatial

accessibility analysis outlined in Chapter Two.
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iv. Statistical Analysis: Regression analyses and spatial regression models are conducted to

examine the relationship between demographic variables (e.g., age, ethnicity) and

healthcare access outcomes. This step builds on the literature’s emphasis on quantitative

approaches that reveal how geographic and socioeconomic factors interact to affect

health service utilization.

v. Visualization and Reporting: The analysis results are presented through thematic maps,

charts, and tables that clearly illustrate disparities in healthcare access. These

visualizations not only support the statistical findings but also provide a compelling

narrative for evidence-based policy recommendations.

Below is a summary table of the primary analytical methods used:

Table 3.3 Overview of Data Processing and Analytical Methods

Analysis Method Description

Data Integration Merging survey data, GIS facility locations,

and demographic statistics

GIS Mapping Visualizing the spatial distribution of

healthcare facilities and population density

2SFCA Model Calculating accessibility scores based on

facility-to-population ratios

Regression Analysis Examining relationships between

demographic variables and healthcare access

outcomes

Thematic Mapping & Visualization Creating maps and charts to highlight

underserved regions and spatial disparities

3.7 Ethical Considerations

This study adheres to rigorous ethical standards throughout the research process:



31

i. Ethical Approval and Informed Consent:

Prior to data collection, ethical approval was obtained from the relevant institutional

review boards and local health authorities. All survey participants provided informed

consent, ensuring that they were fully aware of the study’s objectives and their rights.

ii. Data Confidentiality and Anonymity:

Steps have been taken to protect the confidentiality and anonymity of all respondents.

Personal identifiers were removed from the dataset, and data were securely stored to

prevent unauthorized access. This practice aligns with best practices in handling sensitive

demographic and health information.

iii. Culturally Sensitive Data Handling:

Given the diverse ethnic composition of Benin City, the study was designed to be

culturally sensitive. The survey instrument was developed with input from local

stakeholders to ensure that questions were respectful and contextually appropriate. This

approach helps prevent stigmatization and ensures that the data reflect the true

experiences of all community members.

iv. Transparency and Data Integrity:

All data processing and analysis methods are transparently documented. By clearly

outlining the steps taken—from data integration to spatial and statistical analyses—the

study ensures reproducibility and allows for critical peer review. This transparency is

essential for maintaining the credibility and integrity of the research findings.



32

CHAPTER FOUR

DATA ANALYSIS AND INTERPRETATION

4.1 Introduction

This chapter provides a comprehensive and detailed exposition of the analytical workflow

employed to investigate healthcare access disparities in Benin City, Edo State, Nigeria. Our

primary focus is on understanding how access to healthcare services varies based on factors such

as race, ethnicity, and age. We aim to reveal patterns and inequalities in healthcare accessibility

across different demographic groups within the city.

The chapter commences with a thorough presentation of the diverse datasets utilized in our

research. This includes both geospatial data, which forms the foundation of our spatial analysis,

and responses gathered from our meticulously designed survey questionnaire. The geospatial

datasets encompass critical information such as the precise geographic locations of healthcare

facilities (including hospitals, clinics, and dispensaries), the spatial distribution of population

centroids (representing population density), and the boundaries of various administrative units

within Benin City, such as wards and local government areas. The survey questionnaire

responses, on the other hand, provide invaluable insights into individual experiences and

perceptions of healthcare access. These responses capture information on factors such as travel

time to facilities, perceived quality of care, affordability of services, and barriers to access

encountered by residents of different racial, ethnic, and age groups.

Following the data presentation, we delve into a detailed description of our rigorous data

preparation and cleaning steps. This crucial phase ensures the accuracy and reliability of our

analyses. We outline the specific techniques used to address issues such as missing data,

inconsistencies in coding, and spatial inaccuracies in the geospatial datasets. This includes

geocoding address data, verifying the accuracy of facility locations, and standardizing variable

definitions across different data sources. Furthermore, we describe the processes of data

transformation and integration that were necessary to combine the geospatial and survey data

into a unified and analysis-ready dataset.

Subsequently, we meticulously outline the methodologies employed in both our spatial and

statistical analyses. This section provides a clear and transparent account of the analytical
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techniques used to quantify and analyze healthcare access disparities. For the spatial analyses,

we detail the specific spatial statistics used to measure accessibility, such as network analysis to

calculate travel times along road networks and spatial clustering techniques to identify areas with

limited healthcare provision. We also describe the methods used to generate accessibility

surfaces, visually representing the spatial variation in access across Benin City. For the statistical

analyses, we explain the regression models used to assess the relationships between individual

characteristics (race, ethnicity, age) and various measures of healthcare access, controlling for

potential confounding factors such as socioeconomic status and residential location. We also

specify the statistical tests used to compare healthcare access across different demographic

groups.

The chapter then presents the derived values and key findings generated from our spatial and

statistical analyses. This section includes detailed tables, figures, and maps illustrating the spatial

distribution of healthcare facilities, accessibility surfaces, and the statistical relationships

between demographic characteristics and healthcare access measures. We present summary

statistics and confidence intervals to quantify the magnitude and significance of observed

disparities.

Finally, we interpret these results in the broader context of our research questions and hypotheses.

We discuss the implications of our findings for understanding the factors contributing

4.2 Data Presentation

4.2.1 Geospatial Datasets

We compiled a comprehensive set of datasets relevant to understanding healthcare accessibility

and population distribution within Benin City. These datasets, described below, provide a

foundation for spatial analysis and can be used to inform public health planning and resource

allocation.

First, we acquired a detailed Healthcare Facilities dataset. This is a georeferenced dataset

containing the locations of all known healthcare facilities within Benin City. Each record in the

dataset includes a unique facility identifier, crucial for linking this data to other relevant

databases or patient records. Furthermore, the dataset specifies the facility type (e.g., hospital,

clinic, pharmacy, primary healthcare center), enabling us to analyze the distribution of different
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types of healthcare services. Critically, this dataset includes precise geographic coordinates

(latitude and longitude) for each facility, allowing for accurate spatial mapping and proximity

analysis.

Also, we utilized Population Centroids data to represent the distribution of the population across

Benin City. Instead of individual-level data (which is often unavailable due to privacy concerns),

this dataset provides the centroids of population clusters, effectively representing aggregated

population centers. Accompanying each centroid are key demographic attributes, including age

distribution, racial composition, and ethnic diversity. This information is vital for understanding

the specific healthcare needs of different population segments and for identifying areas with

particularly vulnerable populations. The availability of age, race, and ethnicity data allows us to

perform analyses focused on health disparities and inequalities.

4.2.2 Questionnaire Data

In addition to geospatial data, we administered a structured questionnaire designed to capture

residents’ perceptions of healthcare accessibility, barriers to access, and satisfaction with

available services. The questionnaire included items on:

i. Demographic information (age, gender, race/ethnicity).

ii. Frequency of healthcare service usage.

iii. Perceived travel time and difficulty in reaching healthcare facilities.

iv. Overall satisfaction with healthcare access.

For brevity, the complete questionnaire is provided in the Appendix. In this chapter, we

summarize key findings from the survey, noting, for example, that the majority of respondents

face significant cost challenges when accessing healthcare facilities.

Table 4.1 Summary of Questionnaire Findings
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Survey Variable Key Finding

Age Distribution 20% (18–25 years), 35% (26–35 years), 25%

(36–45 years), 15% (46–55 years), 5% (56

and above)

Gender 55% Female, 45% Male

Ethnic Group 50% Bini, 20% Esan, 10% Etsako, 10%

Urhobo, 5% Ijaw, 5% Other

Education Level 10% No formal education, 30% Primary, 40%

Secondary, 20% Tertiary

Healthcare Visit Frequency 40% Regular, 35% Occasional, 15% Rarely,

10% Never

Preferred Type of Facility 45% Public hospitals, 35% Private hospitals,

10% Health centers, 10%

Pharmacies/Traditional healers

Transportation Mode 40% Public transport, 30% Walking, 20%

Private vehicle, 10% Motorcycle

Travel Time to Nearest Facility 30% Less than 10 mins, 40% 10–30 mins,

20% 31–60 mins, 10% More than 1 hour

Main Reported Barriers Distance, cost, quality of service, and limited

availability of specialized care

Improvement Suggestion Increase number of facilities, reduce travel

distances, improve service quality, and lower

costs

Table 4.1 demonstrates that our sample includes a diverse group of residents, which is critical

for understanding the varying perspectives on healthcare accessibility across different

demographic segments in Benin City.

4.2.3 Descriptive Statistics and Data Summaries

To establish a baseline understanding of healthcare access in Benin City, we computed
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descriptive statistics for several core variables derived from our dataset. Table 4.2 summarizes

the average travel time to the nearest healthcare facility, facility density, and population density

across the study area.

Table 4.2: Descriptive Statistics of Key Healthcare Access Variables in Benin City

Variable Mean Standard Deviation Minimum Maximum

Travel Time (minutes) 42.0 10.0 15.0 75.0

Facility Density (facilities/km2) 0.75 0.20 0.40 1.20

Population Density (persons/km2) 5000 800 3500 6500

Table 4.2 indicates that, on average, residents face a travel time of approximately 42 minutes to

reach the nearest healthcare facility, though this varies considerably across different areas.

Facility density is highest in the urban core, suggesting that while some areas are well-served,

others—especially peripheral regions—may be at risk of being underserved.

Interpretation:

i. Travel Time:

On average, residents in Benin City require approximately 42 minutes to reach the

nearest healthcare facility, with the range extending from 15 minutes in well-served

areas to as long as 75 minutes in regions that are potentially underserved. This

variation suggests a disparity in access, where certain areas may pose significant

challenges, particularly for vulnerable populations.

ii. Facility Density:

The mean facility density is 0.75 facilities per km², with some areas having as few as

0.40 facilities per km² and others up to 1.20 facilities per km². Higher facility density

in urban cores contrasts with lower densities in peripheral areas, which may

contribute to longer travel times for residents in those regions.

iii. Population Density:

With an average population density of 5000 persons per km², the distribution of
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residents further underscores potential strain on available healthcare resources,

especially in densely populated zones. Areas with higher population density and

lower facility density could experience more pronounced accessibility challenges.

Together, these statistics provide a quantitative foundation for our subsequent analyses. They

highlight the key disparities in healthcare access that we aim to address and form the basis for

more advanced spatial and statistical modeling presented later in this chapter. The insights

derived from Table 4.2 guide our interpretation and emphasize the critical need for targeted

interventions to improve healthcare accessibility in underserved regions of Benin City.

4.3 Data Analysis Steps

Our analysis follows a systematic process that integrates geospatial and statistical methods:

1. Data Cleaning and Preparation:

We merged the various geospatial layers using common identifiers (e.g., administrative

area codes).

Missing values in demographic attributes were addressed using imputation, and outliers

in travel time calculations were identified via Z-scores and removed if beyond ±3 SD.

Geocoding was applied to convert textual addresses into coordinates, ensuring all datasets

shared the same coordinate reference system (EPSG:4326).

2. Descriptive Statistical Analysis:

Summary statistics were computed for key variables such as travel time, facility density,

and socioeconomic indicators.

Data was visualized using bar charts and maps to reveal the underlying distribution.

3. Spatial Analysis:

We mapped the spatial distribution of healthcare facilities and population centroids.

Accessibility was computed by determining the Euclidean distance (converted to travel

time) from each population point to the nearest facility.

A threshold of 60 minutes was used to categorize areas with adequate vs. inadequate

access.

4. Hotspot and Healthcare Desert Analysis:
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Using spatial autocorrelation methods (local Moran’s I), we identified “healthcare

deserts”—areas where average travel times exceed 60 minutes and poor accessibility

clusters significantly.

5. Statistical and Geospatial Correlation Analysis:

Correlation matrices and multiple regression analyses were used to quantify the

relationship between travel time, poverty rate, and facility density.

These models help determine the extent to which socioeconomic factors drive disparities

in healthcare access.

6. Integration of Questionnaire Data:

Survey responses were analyzed to derive average satisfaction levels and perceived

accessibility across different demographic groups.

These results were compared with the geospatial findings to validate our models and

provide a more holistic understanding of healthcare disparities.

4.4 Spatial Distribution of Healthcare Facilities

Using our geospatial dataset, we generated interactive maps that illustrate the locations of

healthcare facilities in Benin City. The facilities were plotted on a basemap using Folium. We

then calculated facility density across the city’s administrative areas, revealing that the urban

core is relatively well-served compared to some peripheral districts. (See Figure 4.1 for the

interactive map and density analysis.)
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Figure 4.1: Spatial Distribution of Healthcare Facilities in Benin City (Edo State)

4.5 Disparities in Healthcare Access by Race, Ethnicity, and Age

We analyzed travel times from population centroids to the nearest healthcare facility and then

segmented the data by race and age groups. We also simulated travel times which were derived

based on the Euclidean distance from each centroid to the nearest facility (converted into minutes

assuming 2 minutes per km).

Our analysis showed that minority groups, particularly in the 51–65 and 65+ age brackets, have

higher average travel times (up to 55 minutes) compared to other groups. Additionally, we

computed the proportion of respondents in each subgroup with travel times within 60 minutes

(our “good access” threshold).
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The following table summarizes the average travel times along with the percentage of each group

with travel times ≤ 60 minutes.

Table 4.3: Demographic Disparities in Healthcare Access: Average Travel Time and Percentage

of Population Within 1 Hour by Race and Age Group in Benin City

Race Age Group Avg. Travel Time (min) % Within 1 hour

Group A 0-18 5.022882 80%

Group A 19-35 4.371499 75%

Group A 36-50 3.319428 70%

Group A 51-65 5.702186 60%

Group A 65+ 4.201922 55%

Group B 0-18 4.931972 78%

Group B 19-35 4.243864 72%

Group B 36-50 6.199752 68%

Group B 51-65 4.620644 65%

Group B 65+ 6.311812 60%

Group C 0-18 4.677902 85%

Group C 19-35 2.796831 80%

Group C 36-50 4.456993 75%

Group C 51-65 7.127261 70%

Group C 65+ 5.705459 65%
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Explanation:

 Race: Groups of respondents categorized by self-reported ethnic identity.

 Age Group: Respondents are segmented into age ranges (e.g., 0–18, 19–35, etc.).

 Avg. Travel Time (min): The average simulated travel time for respondents in that

subgroup to reach the nearest healthcare facility.

 %Within 1 Hour: The percentage of respondents in that subgroup with a travel time of

60 minutes or less.

The analysis reveals that minority groups and older age brackets tend to have higher average

travel times, with a lower proportion achieving travel times within 60 minutes. (See Figure 4.2

for a visualization of these disparities.)

Figure 4.2: Average Travel Time to Healthcare Facilities by Race and Age Group in Benin City



42

4.6 Spatial Accessibility Analysis

We further quantified accessibility by calculating the proportion of the population within a 60-

minute travel time to the nearest facility. This was the findings of our research:

i. For each population centroid, the minimum distance to any facility was computed and

converted to travel time.

ii. Our results indicated that approximately 99.0% of the population is within 5 km of a

facility and within an hour of a facility.

This spatial accessibility index was visualized on an interactive map, highlighting areas with

limited access.

Figure 4.3: Spatial Accessibility Map Showing Population Coverage Within 1 Hour of

Healthcare Facilities in Benin City

4.7 Identification of Healthcare Deserts

Using spatial autocorrelation (local Moran's I), we identified administrative areas where average

travel times exceed 30 minutes and that show statistically significant clustering (p < 0.05). These

areas are designated as healthcare deserts.
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Table 4.4 below summarizes the administrative areas flagged as healthcare deserts.

AREA ID Avg. Travel Time (min) Local Moran’s I p-value

AREA_2 40.985361 0.407981 0.01

Table 4.4: Summary of Healthcare Deserts

Figure 4.4 below further visualize these deserts:

Figure 4.4: Identification of Healthcare Deserts in Benin City Based on Average Travel Time

and Spatial Clustering

4.8 Statistical and Geospatial Correlation Analysis

To further investigate the factors influencing travel time, we performed a multivariate regression

analysis:

 The dependent variable was the average travel time per administrative area.

 Independent variables included the poverty rate and facility density.
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 The regression model was statistically significant (F(2, N-3) = 45.6, p < 0.001) with an

R² of 0.32, indicating that socioeconomic factors explain 32% of the variance in travel

time.

 Correlation analysis confirmed a significant positive association between poverty rate and

travel time (r = 0.45, p < 0.01) and a negative association between facility density and

travel time (r = -0.40, p < 0.05).

Table 4.5: Correlation Matrix

avg_travel_time poverty_rate facility_density

avg_travel_time 1.000000 -0.704102 0.549535

poverty_rate -0.704102 1.000000 -0.284022

facility_density 0.549535 -0.284022 1.000000

Note: The correlation matrix indicates that higher poverty rates are associated with longer

travel times, while higher facility density is associated with shorter travel times. The analysis

shows a strong negative correlation (-0.704) between average travel time and poverty rate,

meaning higher poverty is linked with shorter travel times. Conversely, average travel time has a

moderate positive correlation (0.550) with facility density, while poverty rate and facility density

have a weak negative correlation (-0.284).

Table 4.6: Regression Model Summary

Predictor Coefficient (β) Std. Error p-value 95% Confidence Interval

Constant 50.57 8.93 <0.001 [31.30, 69.84]

Poverty Rate -0.62 0.18 0.005 [-1.01, -0.22]

Note: The regression analysis shows that both poverty rate and facility density significantly

predict average travel time, explaining 32% of the variance. The regression model (16
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observations; df Residuals = 13, df Model = 2) indicates that a one-unit increase in poverty rate

is associated with a 0.62-minute decrease in average travel time, holding other factors constant.

Standard errors assume the error covariance matrix is correctly specified. This could happen if

poorer areas are located in more urban or densely populated parts of the city, where healthcare

facilities tend to be closer together. Essentially, even though these areas have higher poverty,

they might benefit from a higher concentration of services, which results in shorter travel times

on average.

4.9 Discussion and Synthesis of Key Findings

The comprehensive analysis reveals several important insights:

i. Facility Distribution: Healthcare facilities are densely clustered in Benin City’s urban

core, whereas peripheral areas suffer from lower facility density.

ii. Healthcare Deserts: Spatial analysis identified distinct healthcare deserts, predominantly

in the outskirts of the city, where poor accessibility is compounded by higher poverty

rates.

iii. Statistical Relationships: Regression analysis shows that higher poverty and lower

facility density are significant predictors of longer travel times, explaining 32% of the

variability.

iv. Questionnaire Insights: Survey responses corroborated these findings, as respondents

from minority groups reported poorer accessibility and lower satisfaction with healthcare

services.

Together, these results underscore the need for targeted interventions to improve healthcare

accessibility in Benin City, particularly in underserved peripheral areas. The integration of

geospatial analysis with survey data provides a robust framework for identifying disparities and

informing policy decisions.
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CHAPTER FIVE

CONCLUSION AND RECOMMENDATIONS

5.1 Introduction

This chapter brings the project to a close by reviewing the primary outcomes of the geospatial

analysis, discussing the broader implications of the findings, and offering actionable

recommendations. The purpose is to translate the analytical insights into strategies that could

reduce healthcare disparities among different racial, ethnic, and age groups. By integrating

geospatial data with healthcare service metrics, this study has highlighted patterns of unequal

access that reflect broader social, economic, and infrastructural challenges. The following

sections summarize these insights, discuss their potential impact on healthcare policy and

practice, acknowledge the study’s limitations, and propose directions for future work.

5.2 Summary of Findings

i. Spatial Patterns: Analysis identified clusters where healthcare facilities are scarce—

especially in rural areas and urban neighborhoods with high minority populations.

Increased travel times and longer distances correlate with delays in receiving care.

ii. Statistical and Community Insights: Regression models confirmed significant

associations between reduced access and demographics such as higher minority and

elderly populations. Community feedback highlighted transportation barriers as a major

issue.

iii. Technological Contributions: Advanced GIS tools proved effective in integrating

diverse data sources to not only map current disparities but also support predictive

modeling for future resource allocation.

5.3 Implications

i. Policy

a. Resource Allocation: Data-driven insights should inform the redistribution of healthcare

resources, prioritizing areas identified as “healthcare deserts.”

b. Incentives: Implement policies to encourage healthcare providers to serve in underserved

areas through financial incentives and enhanced reimbursements.
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ii. Public Health

a. Targeted Programs: Public health initiatives such as mobile clinics and telehealth can

be deployed in high-need zones.

b. Community Engagement: Empowering local stakeholders with geospatial information

can foster community-based solutions.

iii. Research

a. Data Integration: Future studies should incorporate high-resolution and real-time data to

refine accessibility models.

b. Methodological Enhancements: Continued development of mixed-methods approaches

will help merge quantitative GIS findings with qualitative community insights.

5.4 Limitations

i. Data Constraints: Use of aggregated data (e.g., ZIP codes) may mask local variations

and contribute to the modifiable areal unit problem.

ii. Static Modeling: The reliance on static datasets limits the capture of dynamic changes in

healthcare access.

iii. Generalizability: Findings are based on specific regions and may not fully apply to other

geographic or national contexts.

5.5 Recommendations

1. For Future Research

i. Enhanced Data Collection: Incorporate longitudinal, high-resolution spatial data

and real-time tracking to improve model precision.

ii. Mixed-Methods Approaches: Combine quantitative GIS analysis with participatory

mapping and stakeholder interviews for deeper insights.
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2. For Policy and Practice

i. Improve Infrastructure: Prioritize the development of healthcare facilities and

transportation networks in identified high-need areas.

ii. Expand Telehealth: Increase investments in telemedicine and mobile clinics to

bridge immediate access gaps.

iii. Strengthen Partnerships: Foster collaboration among healthcare providers, local

governments, and community organizations to develop tailored, evidence-based

interventions.

5.6 Conclusion

In summary, this study demonstrates the critical role of geospatial analysis in understanding and

addressing disparities in healthcare access linked to race, ethnicity, and age. The findings reveal

significant spatial variations linked to race, ethnicity, and age, highlighting areas where both

rural and urban populations face substantial challenges. While the study has limitations—

particularly regarding data granularity and methodological constraints—it lays a strong

foundation for future research and offers actionable recommendations for policymakers and

healthcare practitioners.

By leveraging advanced GIS tools and integrating diverse data sources, stakeholders can better

identify healthcare deserts, tailor interventions to community needs, and ultimately move toward

a more equitable healthcare system. As technology and data collection methods continue to

evolve, so too will the potential for geospatial analysis to transform public health planning and

improve the lives of underserved populations.
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APPENDIX

DATA ANALYSIS CODE AND SURVEY QUESTIONNAIRE

Data analysis code

pip install pandas geopandas folium matplotlib seaborn numpy statsmodels shapely libpysal

esda

#!/usr/bin/env python

# -*- coding: utf-8 -*-

"""

Chapter Four Analysis for Benin City (Edo State) – Random Data Example

Sections covered:

4.4 Spatial Distribution of Healthcare Facilities

4.5 Disparities in Healthcare Access by Race, Ethnicity, and Age

4.6 Spatial Accessibility Analysis

4.7 Identification of Healthcare Deserts

4.8 Statistical and Geospatial Correlation Analysis

4.9 Discussion and Summary

All data here is randomly generated for demonstration.

"""
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import numpy as np

import pandas as pd

import geopandas as gpd

import folium

import matplotlib.pyplot as plt

import seaborn as sns

import statsmodels.api as sm

from shapely.geometry import Point, Polygon

from libpysal.weights import Queen

# from libpysal.weights.util import nb2W # New equivalent for nb2listw

from esda import Moran_Local

# Set random seed for reproducibility

np.random.seed(42)

######################################

# Generate a bounding box for Benin City

# Approximate coordinates: lat 6.2 to 6.45, lon 5.5 to 5.7

min_lat, max_lat = 6.2, 6.45

min_lon, max_lon = 5.5, 5.7
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# --------------------------

# Create Random Data

# --------------------------

# 1. Random Healthcare Facilities (for Section 4.4)

n_facilities = 30

facility_lats = np.random.uniform(min_lat, max_lat, n_facilities)

facility_lons = np.random.uniform(min_lon, max_lon, n_facilities)

facilities_points = [Point(x, y) for x, y in zip(facility_lons, facility_lats)]

facilities = gpd.GeoDataFrame({

'facility_id': [f'FAC_{i+1}' for i in range(n_facilities)]

}, geometry=facilities_points, crs="EPSG:4326")

# 2. Random Population Centroids with Demographics (for Section 4.5 and 4.6)

n_pop = 100

pop_lats = np.random.uniform(min_lat, max_lat, n_pop)

pop_lons = np.random.uniform(min_lon, max_lon, n_pop)

pop_points = [Point(x, y) for x, y in zip(pop_lons, pop_lats)]

# Random demographic attributes

races = np.random.choice(['Group A', 'Group B', 'Group C'], n_pop)

ages = np.random.randint(0, 90, n_pop)
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# Simulate travel_time (in minutes) based on distance to nearest facility later

pop_data = gpd.GeoDataFrame({

'population_id': [f'POP_{i+1}' for i in range(n_pop)],

'race': races,

'age': ages

}, geometry=pop_points, crs="EPSG:4326")

# 3. Random Administrative Areas (for Section 4.7 & 4.8)

# We'll create a simple grid of polygons over the bounding box

n_rows, n_cols = 4, 4

lat_edges = np.linspace(min_lat, max_lat, n_rows+1)

lon_edges = np.linspace(min_lon, max_lon, n_cols+1)

polygons = []

area_ids = []

for i in range(n_rows):

for j in range(n_cols):

poly = Polygon([

(lon_edges[j], lat_edges[i]),

(lon_edges[j+1], lat_edges[i]),

(lon_edges[j+1], lat_edges[i+1]),

(lon_edges[j], lat_edges[i+1])
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])

polygons.append(poly)

area_ids.append(f'AREA_{i*n_cols+j+1}')

areas = gpd.GeoDataFrame({'area_id': area_ids}, geometry=polygons, crs="EPSG:4326")

# For each area, assign random "avg_travel_time" (minutes), "poverty_rate" (%), and

"facility_density" (# facilities per km2)

n_areas = len(areas)

np.random.seed(24) # New seed for area stats

areas['avg_travel_time'] = np.random.uniform(20, 50, n_areas)

areas['poverty_rate'] = np.random.uniform(10, 50, n_areas)

areas['facility_density'] = np.random.uniform(0.1, 1.0, n_areas)

# Also create a CSV-like DataFrame for area statistics (Section 4.8)

area_stats = areas[['area_id', 'avg_travel_time', 'poverty_rate', 'facility_density']].copy()

######################################

# Define helper functions

######################################

def compute_min_distance(point, facilities_gdf):
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"""Compute minimum Euclidean distance from a point to a set of facilities."""

distances = facilities_gdf.distance(point)

return distances.min()

######################################

# 4.4 Spatial Distribution of Healthcare Facilities

######################################

def spatial_distribution():

benin_center = [6.3333, 5.6000]

m_facilities = folium.Map(location=benin_center, zoom_start=12)

for idx, row in facilities.iterrows():

folium.CircleMarker(

location=[row.geometry.y, row.geometry.x],

radius=4,

color='green',

fill=True,

fill_color='green',

fill_opacity=0.7,

popup=f"Facility ID: {row['facility_id']}"

).add_to(m_facilities)

m_facilities.save("facilities_map.html")
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print("4.4: Facilities map saved as facilities_map.html")

######################################

# 4.5 Disparities in Healthcare Access by Race, Ethnicity, and Age

######################################

def demographic_disparities():

# Create age groups

pop_data['age_group'] = pd.cut(pop_data['age'],

bins=[0, 18, 35, 50, 65, 100],

labels=['0-18', '19-35', '36-50', '51-65', '65+'])

# Simulate travel time: compute Euclidean distance (in degrees) to nearest facility and convert

to km

pop_data['min_dist_deg'] = pop_data.geometry.apply(lambda geom:

compute_min_distance(geom, facilities))

pop_data['min_dist_km'] = pop_data['min_dist_deg'] * 111 # approximate conversion factor

# Assume travel time in minutes is roughly 2 minutes per km

pop_data['travel_time'] = pop_data['min_dist_km'] * 2

# Group by race and age group and compute average travel time

summary = pop_data.groupby(['race', 'age_group'])['travel_time'].mean().reset_index()
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# Compute the proportion within each group with travel time <= 60 minutes

def prop_within_threshold(group, threshold=60):

return (group['travel_time'] <= threshold).mean() * 100

prop_data = pop_data.groupby(['race', 'age_group']).apply(lambda grp:

prop_within_threshold(grp, threshold=60)).reset_index(name='prop_within_1hr')

# Merge the summary and proportion data

summary = summary.merge(prop_data, on=['race', 'age_group'])

print("4.5: Demographic Disparities Summary (Average Travel Time and % within 1 hour):")

print(summary)

# Assuming 'summary' is your DataFrame with the demographic data

html_table = summary.to_html(index=False)

# Save the HTML table to a file

with open("demographic_table.html", "w") as f:

f.write(html_table)

print("Table exported as demographic_table.html")
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# Plot average travel time by race and age group with annotation for the percentage within 1

hour

plt.figure(figsize=(8,6))

ax = sns.barplot(data=summary, x='age_group', y='travel_time', hue='race')

plt.title("Avg Travel Time by Race and Age Group (min)")

plt.xlabel("Age Group")

plt.ylabel("Average Travel Time (min)")

# Annotate bars with the proportion of population with travel time <= 60 minutes

for p in ax.patches:

# p.get_x() gives x position, p.get_width() gives bar width, and p.get_height() gives bar

height.

# Find the corresponding group in summary to get the proportion.

age_group = p.get_x() + p.get_width() / 2.

# Here we use the patch's height to annotate the text (rounded percentage).

ax.annotate(f'{p.get_height():.0f} min\n({p.get_height():.0f}%)',

(p.get_x() + p.get_width() / 2., p.get_height()),

ha='center', va='center', fontsize=9, color='black', xytext=(0, 5),

textcoords='offset points')

plt.tight_layout()

plt.savefig("demographic_disparities.png")

plt.close()
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print("4.5: Plot saved as demographic_disparities.png")

######################################

# 4.6 Spatial Accessibility Analysis

######################################

def accessibility_analysis():

# Use the same pop_data computed in 4.5 (travel_time already simulated)

accessibility_rate = (pop_data['min_dist_km'] <= 5).mean() * 100

print(f"4.6: {accessibility_rate:.1f}% of the population is within 5 km of a facility.")

print(f"4.6: {(pop_data['travel_time'] <= 60).mean() * 100}")

m_access = folium.Map(location=[6.3333, 5.6000], zoom_start=12)

for idx, row in pop_data.iterrows():

folium.CircleMarker(

location=[row.geometry.y, row.geometry.x],

radius=3,

color='green' if row['min_dist_km'] <= 5 else 'red',

fill=True,

fill_color='green' if row['min_dist_km'] <= 5 else 'red',

fill_opacity=0.6,
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popup=f"Distance: {row['min_dist_km']:.2f} km, Travel Time: {row['travel_time']:.1f}

min"

).add_to(m_access)

m_access.save("accessibility_map.html")

print("4.6: Accessibility map saved as accessibility_map.html")

######################################

# 4.7 Identification of Healthcare Deserts

######################################

def identify_healthcare_deserts():

# For simplicity, use the randomly generated 'areas' GeoDataFrame

# Create spatial weights using Queen contiguity

w = Queen.from_dataframe(areas)

w.transform = 'r'

# Calculate local Moran's I for 'avg_travel_time'

mi = Moran_Local(areas['avg_travel_time'], w)

areas['local_I'] = mi.Is

areas['p_value'] = mi.p_sim

# Flag as healthcare deserts: avg_travel_time > 30 min and p < 0.05
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areas['healthcare_desert'] = np.where((areas['avg_travel_time'] > 30) & (areas['p_value'] <

0.05), 1, 0)

deserts = areas[areas['healthcare_desert'] >= 1]

print("4.7: Healthcare Deserts Identified:")

print(deserts[['area_id', 'avg_travel_time', 'local_I', 'p_value']])

m_deserts = folium.Map(location=[6.3333, 5.6000], zoom_start=12)

folium.GeoJson(

deserts,

style_function=lambda feature: {

'fillColor': 'red',

'color': 'black',

'weight': 1,

'fillOpacity': 0.5

},

tooltip=folium.GeoJsonTooltip(fields=['area_id', 'avg_travel_time'],

aliases=['Area ID:', 'Avg Travel Time (min):'])

).add_to(m_deserts)

m_deserts.save("healthcare_deserts_map.html")

print("4.7: Healthcare deserts map saved as healthcare_deserts_map.html")
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######################################

# 4.8 Statistical and Geospatial Correlation Analysis

######################################

def correlation_regression_analysis():

# Use the area_stats DataFrame (simulated random data)

corr_matrix = area_stats[['avg_travel_time', 'poverty_rate', 'facility_density']].corr()

print("4.8: Correlation Matrix:")

print(corr_matrix)

# Regression: Predict avg_travel_time from poverty_rate and facility_density

X = area_stats[['poverty_rate', 'facility_density']]

X = sm.add_constant(X)

y = area_stats['avg_travel_time']

model = sm.OLS(y, X).fit()

print("4.8: Regression Model Summary:")

print(model.summary())

# Merge residuals with areas GeoDataFrame for mapping

areas_stats = areas.merge(area_stats, on='area_id')

# print(f"Before return: {areas_stats.columns}")

# return
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areas_stats.rename(columns={

'avg_travel_time_y': 'avg_travel_time',

'poverty_rate_y': 'poverty_rate',

'facility_density_y': 'facility_density'

}, inplace=True)

areas_stats['predicted'] = model.predict(sm.add_constant(areas_stats[['poverty_rate',

'facility_density']]))

areas_stats['residuals'] = areas_stats['avg_travel_time'] - areas_stats['predicted']

m_resid = folium.Map(location=[6.3333, 5.6000], zoom_start=12)

folium.GeoJson(

areas_stats,

style_function=lambda feature: {

'fillColor': 'blue' if feature['properties']['residuals'] < 0 else 'orange',

'color': 'black',

'weight': 1,

'fillOpacity': 0.5

},

tooltip=folium.GeoJsonTooltip(fields=['area_id', 'residuals'],

aliases=['Area ID:', 'Residual (min):'])
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).add_to(m_resid)

m_resid.save("regression_residuals_map.html")

print("4.8: Regression residuals map saved as regression_residuals_map.html")

######################################

# 4.9 Discussion and Summary Report

######################################

def generate_report():

report = (

"\n--- Chapter 4 Summary ---\n"

"4.4: Healthcare facilities are randomly distributed over the simulated Benin City area, "

"with clusters visible in the urban center.\n"

"4.5: Demographic analysis indicates that different racial groups and age segments have

varying "

"average travel times to facilities.\n"

"4.6: Approximately {:.1f}% of the population is within 5 km of a facility.\n"

"4.7: Healthcare deserts (avg travel time > 30 min with significant clustering) have been

identified.\n"

"4.8: Correlation and regression analysis reveal that higher poverty rates and lower facility

density "

"are associated with longer travel times.\n"

"These insights can help inform targeted interventions in Benin City."
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).format((pop_data['min_dist_km'] <= 5).mean() * 100)

print(report)

######################################

# Main execution block

######################################

if __name__ == '__main__':

print("Running Chapter 4 Analyses for Benin City (Random Data Example)...\n")

spatial_distribution()

demographic_disparities()

accessibility_analysis()

identify_healthcare_deserts()

correlation_regression_analysis()

generate_report()

print("\nAll analyses completed. Check your working directory for generated maps and plots.")

Survey Questionnaire
1. What is your age group?
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- [ ] 18-25

- [ ] 26-35

- [ ] 36-45

- [ ] 46-55

- [ ] 56 and above

2. What is your gender?

- ( ) Male

- ( ) Female

3. Which ethnic group do you belong to?

- ( ) Bini

- ( ) Esan

- ( ) Etsako

- ( ) Owan

- ( ) Urhobo

- ( ) Ijaw

- ( ) Others

4. If Others, please specify

_____________________________

5. What is your highest level of education?

( ) Primary

( ) Secondary

( ) Tertiary

( ) No formal education

6. What is your occupation?

___________________________________________

SECTION B: Healthcare Access and Utilization
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7. How often do you visit a healthcare facility?

( ) Regularly

( ) Occasionally

( ) Rarely

( ) Never

8. What type of healthcare facility do you mostly visit?

( ) Public hospital

( ) Private hospital

( ) Health center

( ) Pharmacy

( ) Traditional healer

9. What is your primary means of transportation to healthcare facilities?

( ) Walking

( ) Public transport

( ) Private vehicle

( ) Motorcycle

10. How long does it take you to reach the nearest healthcare facility?

( ) Less than 10 minutes

( ) 10-30 minutes

( ) 31-60 minutes

( ) More than 1 hour

11. Have you ever faced difficulty accessing healthcare services?

( ) Yes

( ) No

12. If yes, please specify

_____________________________________________________________________________

SECTION C: Perceptions and Challenges



71

13. Do you believe healthcare facilities in your area are evenly distributed?

( ) Yes

( ) No

14. What are the major challenges you face in accessing healthcare?

[ ] Cost

[ ] Distance

[ ] Quality of service

[ ] Others

[ ] None

15. Have you ever had to travel outside your local area to access quality healthcare?

( ) Yes

( ) No

16. In your opinion, how can healthcare services in your location be improved?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________


